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PREFATOKY  NOTE  TO  FOURTH  ENGLISH  EDITION. 


The  Fourth  English  Editiou  of  the  Text-book  now  laid  before  the  Pro- 
fession has  again  been  thoroughly  revised,  so  as  to  bring  every  Section  as 
far  as  possible  into  harmony  with  the  most  recent  advances  in  Physiological 
Science. 

A  new  feature  introduced — that  of  printing  some  of  the  illustrations 
of  Microscopical  subjects  in  Colours — will,  it  is  hoped,  be  found  helpful. 
For  drawing  several  of  these  coloured  figures  I  am  indebted  to  Arthur 
Clarkson,  M.B.,  CM.,  formerly  my  junior  Demonstrator  of  Physiologj-,  and 
for  others  to  my  pupils,  Mr  V.  E.  H.  Lindesay  and  Mr  F.  J.  S.  Mathwin. 

A  large  number  of  new  figures,  many  of  them  original,  have  also 
been  added,  so  that  the  total  number  of  illustrations  is  now  845.  My 
acknowledgments  are  due,  specially,  in  regard  to  some  of  these,  to  the 
Cambridge  Scientific  Instrument  Company,  Messrs  Alvergniat,  Verdin, 
Petzold,  Curry  &  Paxton,  and  to  my  friends  Professors  Roy,  Fredericq,  Leech, 
Burdon-Sanderson,  Mr  Gotch,  Dr  Adami,  and  Dr  Macnaughton  Jones. 

Further,  I  have  to  thank  the  last  mentioned  for  some  hints  which  have 
enabled  me  to  improve  the  Section  on  the  "  Ear  and  Hearing."  I  am  also 
indebted  to  Professor  Ramon  y  Cayal,  of  Barcelona,  for  his  courtesy  in  send- 
ing me  his  original  Papers  recording  the  results  of  his  investigations  on  the 
Central  Nervous  System,  some  of  which  I  have  ventured  to  epitomise  and 
introduce  into  the  text.  The  sources  of  the  other  illustrations  are  given 
elsewhere. 

In  order  to  do  full  justice  to  the  coloured  illustrations,  and  to  admit 
of  more  of  the  text  being  printed  in  large  type,  it  has  been  found  necessary 
to  issue  the  work  once  again  in  two  volumes. 


WILLIAM  STIRLING. 


The  Owens  College,  Manchester, 
May  1891. 


PREFACE  TO  THE  FIRST  ENGLISH  EDITION. 


The  fact  that  Professor  Landois'  ^'Lehrbuch  der  Pky&iclogie  dee  Menachen" 
has  already  passed  through  Four  large  Editions  since  its  first  appearance 
in  1880,  shows  that  in  some  special  way  it  has  met  the  wants  of  Students 
and  Practitioners  in  Germany.  The  characteristic  which  has  thus  com- 
mended the  work  will  be  found  mainly  to  lie  in  its  eminent  practicality ; 
and  it  is  this  consideration  which  has  induced  me  to  undertake  the  task 
of  putting  it  into  an  English  dress  for  English  readers. 

Landois'  work,  in  fact,  forms  a  Bridge  between  Physiology  and  the 
Practice  of  Medicine.  It  never  loses  sight  of  the  fact  that  the  Student 
of  to-day  is  the  practising  Physician  of  to-morrow.  Thus,  to  every 
Section  is  appended — after  a  full  description  of  the  normal  processes — 
a  short  rSaumi  of  the  pathological  variations,  the  object  of  this  being  to 
direct  the  attention  of  the  Student,  from  the  outset,  to  the  field  of  his 
future  practice,  and  to  show  him  to  what  extent  pathological  processes 
are  a  disturbance  of  the  normal  activities. 

In  the  same  way,  the  work  offers  to  the  busy  physician  in  practice  a 
ready  means  of  refreshing  his  memory  on  the  theoretical  aspects  of 
Medicine.  He  can  pass  backwards  from  the  examination  of  pathological 
phenomena  to  the  normal  processes,  and,  in  the  study  of  these,  find  new 
indications  and  new  lights  for  the  appreciation  and  treatment  of  the  cases 
under  consideration. 

With  this  object  in  view,  all  the  methods  of  investigation  which  may 
with  advantage  be  used  by  the  Practitioner,  are  carefully  and  fully 
described;  and  Histology,  also,  occupies  a  larger  place  than  is  usually 
assigned  to  it  in  Text-books  of  Physiology. 

A  word  as  to  my  own  share  in  the  present  version : — 

(1.)  In  the  task  of  translating,  I  have  endeavoured  throughout  to 
convey  the  author's  meaning  acctirately,  without  a  too  rigid  adherence 
to  the  original.  Those  who  from  experience  know  something  of  the 
diflSculties  of  such  an  undertaking  will  be  most  ready  to  pardon  any  short- 
comings they  may  detect. 

(2.)  Very  considerable  additions  have  been  made  to  the  Histological, 
and  also  (where  it  has  seemed  necessary)  to  the  Physiological  sections. 
All  such  additions  are  enclosed  within  square  brackets  [    ].     I  have  to 
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acknowledge  my  indebtedness  to  many  valuable  Papers  in  the  various 
Medical  Journals — British  and  Foreign — and  also  to  the  Histological 
Treatises  of  Cadiat,  Ranvier,  and  Klein  ;  Quain  s  Anatomy ,  vol.  ii.,  ninth 
edition ;  Hermann  s  Handbuch  der  Physidogie  ;  and  the  Text-books  on 
Physiology  by  Rutherford,  Foster,  and  Kirkes;  Gamgees  Physiological 
CJieniifftry ;  Ewalds  Digestion  ;  and  Roberts's  Digestive  Fermentt^, 

(3.)  The  illustrations  have  been  greatly  increased  in  number,  viz., 
from  275  in  the  Fourth  German  Edition  to  494  in  the  English  version. 
These  additional  Diagrams,  with  the  sources  whence  derived,  are  dis- 
tinguished in  the  List  of  Woodcuts  by  an  asterisk. 

There  only  remains  for  me  now  to  express  my  thanks  to  all  who 
have  kindly  helped  in  the  progress  of  the  work,  either  by  furnishing 
Illustrations  or  otherwise — especially  to  Drs  Byrom  Bramwell,  Dudgeon, 
Lauder  Brunton,  and  Knott;  Mr  Hawksley;  Professors  Hamilton  and 
M*Kendrick;  to  my  esteemed  teacher  and  friend,  Professor  Ludwig,  of 
Leipzic;  and  finally,  to  my  friend,  Mr  A.  W.  Robertson,  M.A.,  formerly 
Assistant  Librarian  in  the  University,  and  now  librarian  of  the  Aberdeen 
Public  Library,  for  much  valuable  assistance  while  the  work  was  passing 
through  the  press. 

In  conclusion — and  forgetting  for  the  moment  my  own  connection 
with  it — I  heartily  commend  the  work  p^>'  se  to  the  attention  of  Medical 
Men,  and  can  wish  for  it  no  better  fate  than  that  it  may  speedily  become 
as  popular  in  this  country  as  it  is  in  its  Fatherland. 


WILLIAM  STIRLING. 


Aberdeen  University, 
November  1884. 
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Introduction. 


The  Scope  of  Physiology  and  its  Relation  to  other  Branches 
of  Natural  Science. 

I^HYsiOLOGY  is  the  science  of  the  vital  phenomena  of  organisms,  or,  broadly,  it  is 
the  Doctrine  of  Life.  Corresponding  to  the  classification  of  organisms,  we  distinguish 
— (1)  Animal  Physiology;  (2)  Vegetable  Physiology;  and  (3)  the  Physiology  of 
the  Lowest  Living  Organisms^  which  stand  on  the  border  line  of  animals  and 
plants,  Le.,  the  so-called  Protistie  of  Haeckel,  micro-organisms,  and  those  elementary 
organisms  or  cells  which  exist  on  the  same  level. 

The  object  of  Physiology  is  to  establish  these  phenomena,  to  determine  their 
regularity  and  causes,  and  to  refer  them  to  the  general  fundamental  laws  of 
jS'atural  Science,  viz.,  the  Laws  of  Physics  and  of  Chemistry. 

The  following  Scheme  shows  the  relation  of  Physiology  to  the  allie<l  brancho^s  of 
^Natural  Science : — 

BIOLOGY. 

The  science  of  organised  beings  or  organisms  (animals,  plants,  protistse,  and 
clementaiy  organisms). 

L  Morphology.  1  n.  Phjrsiology. 

The  doctrine  of  the  form  of  organisms,  i      The  <loctrine  of  the  vital  phenomena 

General  Special  '  of  organisms. 

Morphology.  Morphology. 

Tlie  doctriDe  of  the    The    doctrine    of   tlie 


formed  elementary 
constituents  of  or- 


The 
parts  and  organs  of 
organisms, 
ganisms.  (Organology — 

(Histology)—  Anatomy) — 

(«)  Histology  of  Plants,     {a)  Phytotomy. 
{b)  Histology  of  Animals,  {b)  Zootomy. 


General 
Physiology. 

The  doctrine  of  vital 
phenomena  in  gene- 
ral— 

(a)  Of  Plants. 

{b)  Of  Animals. 

nL  Embryology. 

The  doctrine  of  the  generation  and  development  of  organisms. 


Special 
Physiology. 

The  doctrine  of  the 
activities  of  the  in- 
dividual organs — 

(a)  Of  Plants. 

{b)  Of  Animals. 


Morphological  part  of  the 
doctrine  of  development, 
i.c,  the  doctrine  ot/orm 
in  its  stages  of  develop- 
ment— 

(a)  General. 

(6)  Si)ecial. 


1.  History  of  the  deveIoi)ment  of 
single  beings,  of  the  individual 
{e.g.,  of  man)  from  the  ovum 
onwards  (Ontogeny)— 

(a)  In  Plants. 
(6)  In  Animals. 

2.  History  of  the  development  of 
a  whole  stock  of  organisms  from 
the  lowest  forms  of  the  series 
upwards  (Phylogeny) — 

(a)  In  Plants. 
{b)  In  Animals. 


Physiological  part  of  the 
doctrine  of  development, 
i.e.,  the  doctrine  of  the 
activity  during  develop- 
ment— 

{a)  General. 

(A)  Special. 


XXVlll  INTRODUCTION. 

Morphology  and  Physiology  are  of  equal  rank  in  biological  science,  and  a  previous 
acquaintance  with  Morphology  is  assumed  as  a  basis  for  the  comprehension  of 
Physiology,  since  the  work  of  an  organ  can  only  be  properly  understood  when  its 
external  form  and  its  internal  arrangements  are  known.  Development  occupies 
a  middle  place  between  Morphology  and  Physiology ;  it  is  a  morphological  discipline 
in  so  far  as  it  is  concerned  with  the  description  of  the  parts  of  the  developmg 
organism ;  it  is  a  physiological  doctrine  in  so  far  as  it  studies  the  activities  and 
vital  phenomena  during  the  course  of  development. 

MATTER. — The  entire  visible  world,  including  all  organisms,  consists  of  matter, 
t.€.,  of  sul)stance  which  occupies  space. 

We  distinguish  ponderable  matter  which  has  weight,  and  impondei'aUe  matter 
which  cannot  be  weighed  in  a  Imlance.     The  latter  is  g(»nerally  termed  ether. 

In  ponderable  materials,  again,  we  distinguish  their/orm,  i.e.,  the  nature  of  their 
limiting  surfaces ;  further,  their  volume,  i.e.,  the  amount  of  space  which  they 
occupy  ;  and  lastly,  their  afjgregate  condition,  i.e.,  whether  they  are  solid,  fluid,  or 
gaseous  bodies. 

Ether. — The  ether  fills  the  space  of  the  universe,  certainly  as  far  as  the  most 
distant  visible  stars.  This  ether,  notwithstanding  its  imponderability,  i)ossesses 
distinct  mechanical  properties ;  it  is  infinitely  more  attenuated  than  any  known 
kind  of  gas,  and  behaves  more  like  a  solid  Ixwly  than  a  gas,  resembling  a  gelatinous 
mass  rather  than  the  air.  It  participates  in  the  luminous  phenomena  due  to  the 
vibrations  of  the  atoms  of  the  fixed  stars,  and  hence  it  is  the  transmitter  of  light, 
which  is  conducted  by  means  of  its  vibrations,  with  inconceivable  rapidity  (42,220 
geographical  miles  per  second)  to  our  visual  organs  (I't/mlall). 

Imponderable  matter  (ether)  and  ponderable  matter  are  not  separated  sharply 
from  each  other;  rather  does  the  ether  penetrate  into  all  the  spaces  existing 
between  the  smallest  particles  of  pondemble  matter. 

Particles. — Supposing  that  ponderable  matter  were  to  be  subdivided  con- 
tinuously into  smaller  and  smaller  portions,  imtil  we  reach  the  last  stage  of 
division  in  which  it  is  ix)ssible  to  recognise  the  aggregate  condition  of  the  matter 
operated  upon,  we  should  call  the  finely-divided  portions  of  matter  in  this  state 
particles.  Particles  of  iron  would  still  be  recognised  as  solid,  particles  of  water  as 
fluid,  particles  of  oxygen  as  gaseous. 

Molecules. — Supposing,  however,  the  process  of  division  of  the  jmrticles  to 
be  carried  further  still,  wo  should  at  last  reach  a  limit,  beyond  which,  neither  by 
mechanical  nor  by  physical  means,  could  any  further  division  be  effected.  Wo 
should  have  arrived  at  the  molecules.  A  molecule,  therefore,  is  the  smallest  amount 
of  matter  which  can  still  exist  in  a  free  condition,  and  which  as  a  imit  no  longer 
exhibits  the  aggregate  condition. 

Atoms. — But  even  molecules  are  not  the  final  units  of  matter,  since  every 
molecule  consists  of  a  group  of  smaller  units,  called  atoms.  An  atom  cannot  exist 
by  itself  in  a  free  condition,  but  the  atoms  unite  with  other  similar  or  dissimilar 
atoms  to  form  groujxs,  which  are  called  molecules.  Atoms  are  incajwible  of  further 
subdivision,  hence  their  name.  AVe  a.s8ume  that  the  atoms  are  invariably  of  the 
same  size,  and  that  they  are  solid.     From  a  chemical  point  of  view,  the  atom  of 
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an  elementary  body  (element)  is  the  smallest  amount  of  the  element  which  can  enter 
into  a  chemical  combination.  Just  as  i)onderable  matter  consists  in  its  ultimate 
parts  of  ponderable  atoms,  so  does  the  ether  consist  of  analogous  small  ether-atoms. 

Ponderable  and  Imponderable  Atoms. — The  ponderable  atoms  within 
ponderable  matter  are  arranged  in  a  definite  relation  to  the  ether-atoms.  The 
ponderable  atoms  mutually  attract  each  other,  and  similarly  they  attract  the 
imponderable  ether-atoms;  but  the  ether-atoms  repel  each  other.  Hence,  in 
l)onderable  masses,  ether-atoms  surround  every  ponderable  atom.  These  masses, 
in  virtue  of  the  attraction  of  the  ponderable  atoms,  tend  to  come  together,  but  only 
to  the  extent  permitted  by  the  surrounding  ether-atoms.  Thus  the  ponderable 
atoms  can  never  come  so  close  as  not  to  leave  interspaces.  All  matter  must, 
therefore,  Ije  regarded  as  more  or  less  loose  and  open  in  texture,  a  condition  due 
to  the  interpenetrating  ether-atoms,  which  resist  the  direct  contact  of  the  ponder- 
able atoms. 

Aggr^ate  Condition  of  Atoms. — The  relative  arrangement  of  the  molecules, 
I.e.,  the  smallest  particles  of  matter  which  can  be  isolated  in  a  free  condition, 
determines  the  aggi*egate  condition  of  the  body. 

Within  a  solid  Ixxly,  characterised  by  the  permanence  of  its  volume  as  well  as 
by  the  independence  of  its  form,  the  molecules  are  so  arranged  that  they  cannot 
readily  be  displaced  from  their  relative  positions. 

Fluid  bodies,- although  their  volume  is  permanent,  readily  change  their  shape, 
and  their  molecules  are  in  a  condition  of  continual  movement. 

WTien  this  movement  of  the  molecules  takes  so  wide  a  range  that  the  individual 
molecules  fly  ajmrt,  the  body  becomes  gaseous,  and  as  such  is  characterised  by  the 
instability  of  its  form  as  well  as  by  the  changeableness  of  its  volume. 

Physics  is  the  study  of  these  molecules  and  their  motions. 

Forces. 

1.  Gravitation — Work  done. — All  phenomena  appertain  to  matter.  These 
phenomena  are  the  appreciable  expression  of  the  forces  inherent  in  matter.  The 
forces  themselves  are  not  appreciable ;  they  are  the  causes  of  the  phenomena. 

G-ravitation. — The  law  of  gravitation  jwstulates  that  every  particle  of  ponder- 
able matter  in  the  imiverse  attracts  every  other  particle  with  a  certain  force. 
This  force  is  inversely  as  the  square  of  the  distance.  Further,  the  attractive 
force  is  directly  pi*oi)ortional  to  the  amount  of  the  attracting  matter,  without  any 
reference  to  the  quality  of  the  body.  We  may  estimate  the  intensity  of  gravita- 
tion by  the  extent  of  the  movement  which  it  communicates  to  a  body  allowed  to 
fall,  for  one  second,  through  a  given  distance,  in  a  vacuous  space.  8uch  a 
body  will  fall  in  vacuo  at  the  surface  of  the  earth  9*809  metres  \}qt  second.  This 
fact  has  been  arrived  at  experimentally. 

Let  us  represent  ^—9*809  metres,  the  final  velocity  of  the  freely  falling  body  at  the  end  of 
one  second.    The  velocity,  V,  of  the  freely  falling  body  is  proportional  to  the  time,  t,  so  that 

y-gt (1); 

».f.,  at  the  end  of  the  Ist  sec,  and  \=g,  l='g'^9'S0d  M — the  distance  traveraed— 

«-|^« (2); 


XXX  INTRODUCTION. 

i.e.,  tlie  distances  are  as  the  8C{uares  of  the  times.    Hence,  from  (1)  and  (2)  it  follows  (by 
eliminating  t)  that — 

V-V2l^ (8). 

The  velocities  are  as  the  s<[uare  roots  of  the  distances  traversed— 

Therefore  ^--5 (4). 

The  frcjcly  falling  lx)dy,  and  in  fact  every  freely  moving  body,  possesses  kinetic 
energy,  and  is  in  a  certain  sense  a  magazine  of  energy.  The  kinetic  energy  of  any 
moving  body  is  always  equal  to  the  product  of  its  weight  (estimated  by  the  balance), 
and  the  height  to  which  it  would  rise  from  the  earth,  if  it  were  thrown  from  the 
earth  Avith  its  own  velocity. 

Let  W  represent  the  kinetic  energy'  of  the  moving  body,  and  P  its  weight,  then  W-P,  s,  so 
that  from  (4)  it  follows  that— 

W-P.^ (5). 

Hence,  the  kinetic  energy  of  a  body  is  proportional  to  the  square  of  its  velocity. 

Work. — If  a  force  (pressure,  strain,  tension)  be  so  apjdied  to  a  body  as  to  move 
it,  a  certain  amount  of  wor/c  is  i)erformed.  The  amount  of  work  is  equal  to  the 
product  of  the  amount  of  the  pressure  or  strain  which  moves  the  body,  and  of  the 
distance  through  which  it  is  moved. 

Let  K  represent  the  force  acting  on  the  body,  and  S  the  distance,  then  the  work  W-»KS. 
The  attraction  between  the  earth  and  any  body  raised  above  it  is  a  source  of  work. 

It  is  usual  to  express  the  value  of  K  in  kilogrammes,  and  S  in  metres,  so  that 
the  "unit  of  work"  is  the  kilogram-metre,  /.e.,  the  force  which  is  required  to 
raise  1  kilo,  to  the  height  of  1  metre. 

2.  Potential  Energy. — The  Tramtm-mation  of  Potential  into  Kinetic  Energy^  and 
conversely :  Besides  kinetic  energy,  there  is  also  "  i)otential  energy,"  or  energy  of 
position.  By  this  term  is  meant  various  forms  of  energ}',  which  are  suspended  in 
their  action,  and  which,  although  they  may  cause  motion,  are  not  in  themselves 
motion,  A  coiled  watch-spring  kept  in  this  position,  a  stone  resting  upon  a  tower, 
are  instances  of  bodies  possessing  potential  energy,  or  the  energy  of  position.  It 
requires  merely  a  push  to  develop  kinetic  from  the  potential  energy,  or  to  transform 
]X)tential  into  kinetic  energy. 

"Work,  «',  was  performed  in  raising  the  stone  to  rest  upon  the  tower. 

ir— p,  *,  where  ^"  the  weight  and  *= the  height, 
p^m  jj,  is = the  product  of  the  mass  (j/t),  and  the  force  of  gravity  (g),  so  that  ic— m  gr  s. 

This  is  at  the  same  time  the  expression  for  the  potential  energy  of  the  stone. 
This  ix)tential  energy  may  readily  be  transformed  into  kinetic  energy  by  merely 
pushing  the  stone  so  that  it  falls  from  the  tower.  The  kinetic  energy  of  the  stone 
is  equal  to  the  final  velocity  with  which  it  impinges  upon  the  earth. 

V  =  J'2g8  (see  above  (8)  ). 
V«-      2gs. 
7/1 V*—      2m  g  8, 

—->-«      mgs, 
VI  g  8  was  the  expri'ssion  for  the  i>otehtial  energy  of  the  stone  while  it  was  still 
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resting  on  the  height ;  -^  Vo  is  the  kinetic  energy  corresponding  to  this  potential 

energy  (Brihclie), 

Potential  enei"gy  may  be  transformed  into  mechanical  energy  under  the  most 
varied  conditions ;  it  may  also  be  transferred  from  one  body  to  another. 

The  movemeut  of  a  penduhim  i.s  a  striking  example  of  the  former.  When  the  pendulum  is 
at  the  highest  point  of  its  excursion,  it  must  be  regarded  as  absolutely  at  rest  for  an  instant, 
and  as  endowed  with  potential  energy,  thus  corresponding  with  the  raised  stone  in  the  previous 
instance.  During  the  swing  of  the  pendulum  this  potential  energy  is  changed  into  kinetic 
energy,  which  is  greatest  when  the  pendulum  is  moving  most  rapidly  towards  the  vertical.  As 
it  rises  again  from  the  vertical  position,  it  moves  more  slowly,  and  the  kinetic  energy  is 
changed  into  potential  energy,  which  once  more  reaches  its  maximum  when  the  pendulum 
comes  to  rest  at  the  utmost  limit  of  its  excursion.  Were  it  not  for  the  resistances  continually 
opposed  to  its  movements,  such  as  the  resistance  of  the  air  and  friction,  the  movement  of  the 
pendulum,  due  to  the  alternating  change  of  kinetic  into  potential  energy  and  viu  versd,  would 
continue  uninterruptedly,  as  with  a  mathematical  pendulum.  Suppose  the  swinging  ball  of  the 
pendulum,  when  exactly  in  a  vertical  position,  impinged  upon  a  resting  but  movable  sphere, 
the  potential  energy  of  the  ball  of  the  pendulum  would  be  transferred  directly  to  the  sphere, 
provided  that  the  elasticity  of  the  ball  of  the  pendulum  and  the  sphere  were  complete ;  the 
pendulum  would  come  to  rest,  while  the  sphere  would  move  onward  with  an  equal  amount  of 
kinetic  energy,  provided  there  were  no  resistance  to  its  movement.  This  is  an  example  of  the 
transference  of  kinetic  energy  from  one  body  to  another.  Lastly,  suppose  that  a  stretched 
watch-spring  on  uncoiling  causes  another  spring  to  become  coiled  ;  and  we  have  another  example 
of  the  transference  of  kinetic  energy  from  one  body  to  another. 

The  following  general  statement  is  deducible  from  the  foregoing  examples : — 
If,  in  a  system,  the  individual  moving  masses  approach  the  final  position  of  equi- 
librium, then  in  this  system  the  sum  of  the  kinetic  energies  increases ;  if,  on  the 
other  hand,  the  particles  move  away  from  the  final  position  of  equilibrium,  then 
the  sum  of  the  jyotential  energies  is  increased  at  the  expense  of  the  kinetic  energies, 
I.e.,  the  kinetic  energies  diminish  (Brucke). 

The  {lendulum,  which,  after  swinging  from  the  highest  point  of  its  excursion,  approaches  the 
vertical  position,  i.e.,  the  position  of  equilibrium  of  a  passive  pendulum,  has  in  this  position 
the  largest  amount  of  potential  energy  ;  as  it  again  ascends  to  the  highest  point  of  its  excursion 
on  the  other  side,  it  again  gmdually  receives  the  maximum  of  potential  energy  at  the  expense 
of  the  gradually  diminishing  movement,  and  therefore  of  the  kinetic  energy. 

3.  Heat. — Its  Relation  to  Potential  and  Kinetic  Energy, — If  a  lead  weight  be 
thrown  from  a  high  tower  to  the  earth,  and  if  it  strike  an  unyielding  substance,  the 
movement  of  the  mass  of  lead  is  not  only  arrested,  but  the  kinetic  energy  (which 
to  the  eye  appears  to  be  lost)  is  transformed  into  a  lively  vibratory  movement  of 
the  atoms.  When  the  lead  meets  the  earth,  heat  is  produced.  The  amount  of 
heat  produced  is  proportional  to  the  kinetic  energy,  which  is  transformed  through 
the  concussion.  At  the  moment  when  the  lead  weight  reaches  the  earth,  the  atoms 
are  thrown  into  vibrations ;  they  impinge  upon  each  other ;  then  rebound  again 
from  each  other  in  consequence  of  their  elasticity,  which  opposes  their  direct  juxta- 
position ;  they  fly  asunder  to  the  maximum  extent  permitted  by  the  attractive  force 
of  the  ponderable  atoms,  and  thus  oscillate  to  and  fro.  All  the  atoms  vibrate  like 
a  pendulum,  until  their  movement  is  communicated  to  the  ethereal  atoms  sur- 
rounding them  on  every  side,  i.e.,  until  the  heat  of  the  heated  mass  is  " radiated'' 
Heat  is  thtts  a  vibratorf/  movement  of  the  atoms. 
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As  the  amount  of  heat  produced  is  proportional  to  the  kinetic  enei-g}',  which  is 
transformed  through  the  concussion,  we  must  find  an  adequate  measure  for  both 
forces. 

Heat-Unit. — As  a  standard  of  measure  of  heat,  we  have  the  "  heat-unit "  or 
calorie.  The  "  lieat-unit "  or  calorie  is  the  amount  of  energy  required  to  raise 
the  temperature  of  1  gram  of  water  V  centigrade.  The  "heat-unit"  corresponds 
to  425*5  gram-metres,  i.e.,  the  same  energy  required  to  heat  1  gram  of  water 
V  C.  would  raise  a  weight  of  425*5  grams  to  the  lieight  of  1  metre  ;  or,  a  w^eight 
of  4255  grams,  if  allowed  to  fall  from  the  height  of  1  metre,  would  by  its  concus- 
sion produce  as  much  heat  as  would  raise  the  temperature  of  1  gram  of  water  V  C. 
The  "  mechanical  equivalent "  of  the  heat-unit  is,  therefore,  425*5  gram-metres. 

It  is  evident  that  from  the  collision  of  moving  masses  an  immeasurable  amount  of  heat  can 
be  produced.  Let  us  apply  what  has  already  been  said  to  the  earth.  Suppose  the  earth  to  be 
disturbed  in  its  orbit,  and  suppose  further  that,  owing  to  the  attraction  of  the  sun,  it  were  to 
impinge  on  the  latter  (whereby,  according  to  J.  R.  Mayer,  its  final  velocity  would  be  85 
geographical  miles  per  second),  the  amount  of  heat  ]»roduced  by  the  collision  would  bo  equal  to 
that  produced  by  the  combustion  of  a  mass  of  pure  charcoal  more  than  5000  times  as  heavy 
{Jidiiis  Robert  Mai/er,  Helinholtz). 

Thus,  the  heat  of  the  sun  itself  can  be  produced  by  the  collision  of  masses  of  cold  matter. 
If  the  cold  matter  of  the  univerae  were  thrown  into  space,  and  there  left  to  the  attraction  of  its 
particles,  the  collision  of  these  particles  would  ultimately  produce  the  light  of  the  stars.  At 
the  present  time,  numerous  cosmic  bodies  collide  in  space,  while  innumerable  small  meteors 
(94,000  to  188,000  billions  of  kilos,  per  minute)  fall  into  the  sun.  The  force  of  gravity  is 
perhaps,  in  fact,  the  only  source  of  all  heat  {J.  IL  Mayer,  Tyndall). 

We  have  a  homely  example  of  the  transformation  of  kinetic  energy  into  heat  in  the  fact  that 
a  blacksmith  may  make  a  piece  of  iron  red-hot  by  hammering  it.  Of  the  conversion  of  heat 
into  kinetic  energy  we  have  an  example  in  the  hot  watery  vapour  (steam)  of  the  steam-engine 
raising  the  piston.  An  example  of  the  conversion  of  potential  energy  into  heat  occurs  in  a 
metallic  spring,  when  it  uncoils  and  is  so  placed  as  to  rub  against  a  rough  surface,  producing 
heat  by  friction. 

4.  Chemical  Affinity  :  Belation  to  heat. — Whilst  gravity  acts  upon  the 
ixirticles  of  matter  without  reference  to  the  composition  of  the  body,  there  is  an- 
other atomic  force  which  acts  between  atoms  of  a  chemically  different  nature  ;  this 
is  chemical  affinity.  This  is  the  force  in  virtue  of  which  the  atoms  of  chemically 
different  bodies  iniite  to  form  a  chemical  compound.  The  force  itself  varies 
greatly  between  the  atoms  of  different  chemical  bodies  ;  thus  we  speak  of  strong 
chemical  affinities  and  weak  affinities.  Just  as  we  were  able  to  estimate  the 
potential  energy  of  a  body  in  motion  from  the  amount  of  heat  which  was  produced 
when  it  collided  with  an  unyielding  body,  so  we  can  measure  the  amount  of  heat 
which  is  formed  when  the  atoms  of  chemically  different  bodies  imitc  to  form  a 
chemical  compound.  As  a  rule,  heat  is  formed  when  separate  chemically-different 
atoms  form  a  compound  body.  AVhen,  in  virtue  of  chemical  affinity,  the  atoms  of 
1  kilo,  of  hydrogen  and  8  kilos,  of  oxygen  unite  to  form  the  chemical  compound 
water,  an  amount  of  heat  is  thereby  evolved  which  is  equal  to  that  produced  by  a 
weight  of  47,000  kilos,  falling  and  colliding  with  the  earth  from  a  height  of  1000 
feet  above  the  surface  of  the  earth.  If  1  gram  of  H  be  burned  along  with  the 
requisite  amount  of  O  to  form  water,  it  yields  34,460  heat-units  or  calories  :  and 
1  gram  carlx)n  burned  to  carbonic  acid  (carbon  dioxide)  yields  8080  heat-units. 
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Where  very  in  chemical  processes^  strong  chemical  affi^iities  are  satisfied  ^  heat  is  set 
freCy  i.e.,  chemical  iifRnity  is  changed  into  heat  Chemical  affinity  is  a  form  of 
potential  energy  obtaining  between  the  most  different  atoms,  which  during 
chemical  processes  is  changed  into  heat.  Conversely,  in  those  chemical  processes 
where  strong  affinities  are  dissolved,  and  chemically-united  atoms  thereby  pulled 
asunder,  there  must  be  a  diminution  of  temperature,  or,  as  it  is  said,  heai  becomes 
latent — that  is,  the  energy  of  the  heat  which  has  become  latent  is  changed  into 
chemical  energy,  and  this,  after  decomposition  of  the  compound  chemical  body, 
is  again  represented  by  the  chemiail  affinity  between  its  isolated  different  atoms. 

LAW  OF  THE  CONSERVATION  OF  ENERGY.— Julius  Robert  Mayer  and 
Helmholtz  have  established  the  important  law  that,  in  a  system  which  does  not 
receive  any  influence  and  impression  from  without,  the  sum  of  all  the  forces  acting 
within  it  is  always  the  same.  The  various  forms  of  energy  can  he  transformed  one 
into  the  other ^  so  that  Idnetlc  energy  iiuuj  be  transformed  into  potential  energy  and 
vice  versOy  but  there  is  never  any  part  of  the  enei'gy  lost  The  transformation  takes 
place  in  such  measure  that,  from  a  cert^iiu  definite  amount  of  one  form  of  energy, 
a  definite  amomit  of  another  can  be  obtained. 

The  various  forms  of  energy  acting  in  organisms  occur  in  the  following  modi- 
fications : — 

1.  Molar  motion  (ordinary  movements),  as  in  the  movements  of  the  whole  body, 
of  the  limbs,  or  of  the  intestines,  and  even  those  observable  microscopically  in 
connection  with  cells. 

2.  Movements  of  atoms  as  heat. — AVe  know,  in  connection  with  the  vibration 
of  atoms,  that  the  number  of  vibrations  in  the  unit  of  time  determines  whether  the 
oscillations  appear  as  heat,  light,  or  chemically-active  vibrations.  Heat-vibrations 
have  the  smallest  number,  while  chemically-active  vibrations  have  the  largest 
number,  light-vibrations  standing  between  the  two.  In  the  human  body  we  only 
observe  heat-vibrations,  but  some  of  the  lower  animals  are  capable  of  exhibiting 
the  phenomena  of  light. 

In  the  human  organism  the  molar  movements  in  the  individual  organs  are  con- 
stantly being  transformed  into  heat,  e.^.,  the  kinetic  energy  in  the  organs  of  the 
circulation  is  tnuisformed  by  friction  into  heat.  The  measure  of  this  is  the  "  miit 
of  work'*  =  1  gram-metre,  and  the  "  unit  of  heat  "  =  425*5  gram-metres. 

3.  Potential  Energy. — The  organism  contains  many  chemical  comi)ounds  wliich 
are  characterised  by  the  great  complexity  of  their  constitution,  by  the  imperfect 
saturation  of  their  affinities,  and  hence  by  their  great  tendency  to  split  up  into 
simpler  bodies. 

The  body  can  transform  the  potential  energy  into  heat  as  well  as  into  kinetic 
energy,  the  latter  always  in  conjunction  with  the  former,  but  the  former  always  by 
itself  alone.  The  simplest  measure  of  the  potential  energy  is  the  amount  of  heat 
which  can  be  obtained  by  complete  combustion  of  the  chemical  compounds  re- 
presenting the  potential  energy.  The  nuiuber  of  work-units  can  then  be  calculated 
from  the  amount  of  heat  produced. 

4.  The  phenomena  of  electricity,  magnetism,  and  diamagnetism  may  be 
recognised  in  two  directions,  as  movements  of  the  smallest  particles,  which  are 
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recognised  iii  the  glowing  of  a  thin  wire  when  it  is  traversed  by  strong  electrical 
currents  (against  considerable  resistance),  and  also  as  molar  movement,  as  m  the 
attraction  or  repulsion  of  the  magnetic  needle.  Electrical  phenomena  are  mani- 
fested in  our  bodies  by  muscle,  nerve,  and  glands,  but  these  phenomena  are 
relatively  small  in  amount  when  compared  with  the  other  forms  of  energy.  It  is 
not  improbable  that  the  electrical  phenomena  of  our  bodies  become  almost  com- 
pletely transformed  into  hexit.  As  yet  experiment  has  not  determined  with  accuracy  a 
"unit  of  electricity  "directly  comparable  with  the  "heat-unit"  and  the  "work-unit." 

It  is  quite  certain  that  within  the  organism  one  form  of  energy  can  be  trans- 
formed into  another  form,  and  that  a  certain  amount  of  one  form  will  yield  a 
definite  amount  of  another  form  ;  further,  that  new  energy  never  arises  spontane- 
ously, nor  is  energy  already  present  ever  destroyed,  so  that  in  the  organism  the 
law  of  the  conservation  of  energy  is  continually  in  action. 

ANIMALS  AND  PLANTS.— The  animal  body  contains  a  quantity  of  chemically- 
potential  energy  stored  up  in  its  constituents.  The  total  amount  of  the  energy 
present  in  the  human  body  might  be  measured  by  burning  completely  an  entire 
human  body  in  a  calorwietei\  and  thereby  determining  how  many  heat-units  arc 
produced  when  it  is  reduced  to  ashes  (see  Animal  Heat), 

The  chemical  compounds  containing  the  potential  energ}'  are  characterised  by  the 
complicated  relative  position  of  their  atoms,  by  a  comparatively  im^ierfect  satura- 
tion of  the  affinities  of  their  atoms,  by  the  relatively  small  amount  of  oxygen  which 
they  contiiin,  by  their  great  tendency  to  decomposition,  and  the  facility  with  which 
they  undergo  decomposition. 

If  a  man  were  not  supplied  with  food  he  would  lose  50  grams  of  his  body- 
weight  every  hour ;  the  material  part  of  his  body,  which  contains  the  ix)tcntial 
energy,  is  used  up,  oxygen  is  absorbed,  and  a  continual  process  of  combustion  takes 
place ;  by  the  i)roce8s  of  combustion  simpler  substances  are  formed  from  the  more 
complex  comix)und3,  whereby  potential  is  converted  into  kinetic  energ}\  It  is  im- 
material whether  the  combustion  is  rapid  or  slow ;  the  same  amount  of  the  same 
chemical  substances  always  produces  the  same  amount  of  kinetic  energy,  i.e.,  of  heat. 

A  person,  when  fasting,  experiences  after  a  certain  time  the  disagreeable  feeling 
of  exhaustion  of  his  reserve  of  potential  energy,  hunger  sets  in,  and  he  takes  food. 
All  food  for  the  animal  kingdom  is  ohtained,  either  directly  or  indirectly^  from  the 
vegetable  kingdom.  Even  carnivora,  which  eat  the  fleijh  of  other  animals,  only  eat 
organised  matter  which  has  been  formed  from  vegetable  food.  The  existence  of 
the  animal  kingdom  presupposes  the  existence  of  the  vegetable  kingdom. 

All  substances,  therefore,  necessary  for  the  food  of  animals  occur  in  vegetablee. 
Besides  water  and  tlui  inorganic  constituents,  plants  contain,  amongst  other 
organic  compounds,  the  following  three  chipf  repj^esentatives  of  food-siuffif — fats, 
carbohydrates,  and  proteids. 

All  these  contain  stores  of  potential  energy,  in  virtue  of  their  complex  chemical 
constitution. 

The  fats   contain:- I  ^"/.Vffi"^^^^^^^^^  (§251). 

I  +^H5(OH)3  =  glycenn         J    ^^        ^ 

llie  carbohydrates  contain  :—C^n^fi.^        .        .         (§  252). 
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A  man  who  takes  a  certain  amount  of  tliis  food  adds  thereto  oxygen  from  the 
air  in  the  process  of  respiration.  Combustion  or  oxidation  then  takes  place,  where- 
by chemically-potential  energy  is  transformed  into  heat. 

It  is  evident  that  the  products  of  this  combustion  must  be  bodies  of  simpler  con- 
stitution— bodies  with  less  complex  arrangement  of  their  atoms,  with  the  greatest 
possible  satiu-ation  of  the  affinities  of  their  atoms,  of  greater  stability,  partly  rich  in 
0,  and  possessing  either  no  potential  energy,  or  only  very  little.  These  bodies  are 
carbon  dioxide,  CO^ ;  water,  Ufi ;  and  as  the  chief  representative  of  the  nitrogen- 
ous excreta,  urea  {C0{NHjj)2),  which  has  still  a  small  amount  of  potential  energy, 
but  which  outside  the  body  is  readily  converted  into  CO.j  and  ammonia  (NH3). 

The  human  body  is  an  organism  in  which,  by  the  phenomena  of  oxidation,  the 
complex  nutritive  materials  of  the  vegetable  kingdom,  which  are  highly  chargeil 
with  ix)tential  energy,  are  transformed  into  simple  chemical  bodies,  whereby  the 
potential  energy  is  transformed  into  the  equivalent  amount  of  kinetic  energy  (heat, 
work,  electrical  phenomena). 

But  how  do  plants  form  these  complex  food-stuffs  so  rich  in  potential  energy  ? 
It  is  plain  that  the  potential  energy  of  plants  must  be  obtained  from  some  other 
form  of  energy.  This  potential  energy  is  supplied  to  plants  by  the  rays  of  the 
Bun,  whose  chemical  light-rays  are  absorbed  by  plants.  Without  the  rays  of  the 
sun  there  could  be  no  plants.  Plants  absorb  from  the  air  and  the  soil  C02,H20, 
NH3,  and  N,  of  which  carbon  dioxide,  water,  and  ammonia  (from  urea)  are  also 
produced  by  the  excreta  of  animals.  Plants  absorb  the  kinetic  energy  of  li(jht  from 
the  guilds  rays  and  transform  it  into  potential  eiicryy^  which  is  accumulated  during 
the  growth  of  the  plant  in  its  tissues,  and  in  the  food-stuffs  produced  in  them 
during  their  growth.  This  formation  of  complex  chemical  compounds  is  accom- 
panied by  the  simultaneous  excretion  of  O. 

Occasionally,  kinetic  energy,  such  as  we  universally  meet  with  in  animals,  is  liberated  in 
plants.  Many  plants  develop  considerable  quantities  of  heat  in  their  flowers,  c.g.^  the  arum 
tribe.  We  must  also  remember  that  during  the  formation  of  the  solid  parts  of  plants,  when 
fluid  juices  are  changed  into  solid  masses,  heat  is  set  free.  In  planbi,  under  certain  circum- 
stances, 0  is  absorbed,  and  CO.^  is  excreted,  but  tliese  processes  are  so  trivial  as  compared  with  the 
typical  condition  in  the  vegetable  kingdom,  that  they  may  be  regarded  as  of  small  moment. 

Plants,  therefore,  are  organisms  which,  by  a  reduction  process,  transform  simple 
stable  combinations  into  complex  compounds,  whereby  potential  solar  energy  is 
transformed  into  the  chemically- potential  energy  of  vegetable  tissues.  Animals 
are  living  beings,  which  by  oxidation  decompose  or  break  up  the  complex  grouping 
of  atoms  manufactured  by  plants,  whereby  potential  is  transformed  into  kinetic 
energy.  Thus,  there  is  a  constant  circulation  of  matter  and  a  constant  exchange 
of  energy  between  plants  and  animals.  All  the  energy  of  animals  is  derived  from 
plants.  All  the  energy  of  plants  arises  from  the  sun.  Thus  the  sun  is  the  cause, 
the  original  source  of  all  energy  in  the  organism,  t.c,  of  the  whole  of  life. 
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As  the  formation  of  solar  heat  and  solar  light  is  explicable  by  the  gravitation  of 
masses,  gravity  is  pet-haps  the  original  form  of  energy  of  all  life. 

We  may  thus  represent  the  formation  of  kinetic  energy  in  the  animal  body  from 
the  potential  energy  of  plants.  Let  us  suppose  the  atoms  of  the  substances  formed 
in  organisms,  as  simple  small  bodies,  balls,  or  blocks.  As  long  as  these  lie  in  a 
smgle  layer,  or  in  a  few  layers,  upon  the  surface,  there  is  a  stable  arrangement, 
and  they  continue  to  remain  at  rest.  If,  however,  an  artificial  tower  be  built  of 
these  blocks,  so  that  an  unstable  erection  is  produced,  and  the  same  tower  be  after- 
wards knocked  down,  then  for  this  purpose  we  require — (1)  the  motor  power  of  the 
workman  who  lifts  and  carries  the  blocks ;  (2)  a  blow  or  other  impulse  from  with- 
out applied  to  the  unstable  structure — when  the  atoms  will  fall  together,  and  as 
they  fall  collide  with  each  other  and  produce  heat.  Thus,  the  energy  employed  by 
the  workman  is  again  transformed  into  the  last-named  form  of  energy. 

In  plants  the  complex  unstable  buildmg  of  the  groups  of  atoms  is  carried  on, 
the  constructer  being  the  sun.  In  animals,  which  eat  plants,  the  complex  groups 
of  the  atoms  are  tumbled  down,  with  the  liberation  of  kinetic  energy. 

Vital  Energy  and  Life.  — The  forces  which  act  in  organisms,  in  plants,  and 
animals  are  exactly  the  same  as  are  recognisable  as  acting  in  dead  matter.  A  so- 
called  "  vital  force,"  as  a  special  force  of  a  peculiar  kind,  causing  and  governing  the 
vital  phenomena  of  living  beings,  does  not  exist.  The  forces  of  all  matter,  of 
organised  as  well  as  unorganised,  exist  \\\  connection  with  their  smallest  particles 
or  atoms.  As,  however,  the  smallest  particles  of  organised  matter  are,  for  the 
most  part,  arranged  in  a  very  complicated  way,  compared  >vith  the  nmch  simpler 
composition  of  inorganic  bodies,  so  the  forces  of  the  organism  connected  with  the 
smallest  particles  yield  more  complicated  phenomena  and  combinations,  whereby  it 
is  excessively  difficult  to  ascribe  the  vital  phenomena  in  organisms  to  the  simple 
fundamental  laws  of  physics  and  chemistry. 

The  Exchange  of  Material,  or  Metaholism  ("  Shffwechsel ")  as  a  Sign  of 
Life. — Nevertheless,  there  appears  to  be  a  special  exchange  of  matter  and  energy 
pecidiar  to  living  beings.  This  consists  in  the  capacity  of  organisms  to  assimilate 
the  matter  of  their  surroundings,  and  to  work  it  up  into  their  own  constitution,  so 
that  it  forms  for  a  time  an  integral  part  of  the  living  being,  to  be  given  off  again. 
The  whole  series  of  phenomena  is  called  metabolism  or  "  Stoflfwechsel,"  which 
consists  in  the  introduction,  assimilation,  integration,  and  excretion  of  matter. 

AVe  have  ah-eady  shown  that  the  metabolism  of  plants  and  that  of  animals  are 
quite  different.  The  processes,  as  already  described,  actually  occur  in  the  typical 
higher  plants  and  animals. 

l>ut  there  is  a  large  group  of  organisms  which,  throughout  their  entire  organisa- 
tion, exhibit  so  low  a  degree  of  development,  that  by  some  observers  they  are  con- 
sidered as  imd iff erentiated  "ground-forms."  They  are  regarded  as  neither  plants 
nor  animals,  and  are  the  most  simple  forms  of  animated  matter.  Haeckel  has 
called  these  organisms  Protist®,  as  being  the  original  and  primitive  forms.  • 

We  must  assume  that,  corres^wnding  with  their  simpler  vital  conditions,  their 
metabolism  is  also  simpler,  but  on  this  pouit  we  still  require  further  observations 
and  exiHjriments. 


Physiology  of  the  Blood. 


[Thb  blood  is  aptly  described  by  Claude  Bernard  as  an  internal  medium  which 
acts  as  a  "  go-between  "  or  medium  of  exchangee  for  the  outer  world  and  the  tissues. 
Into  it  are  poured  those  substances  which  have  been  subjected  to  the  action  of  the 
digestive  fluids,  and  in  the  limgs  or  other  respiratory  organs  it  receives  oxygen. 
It  thus  contains  new  substances,  but  in  its  passage  through  the  tissues  it  gives  up 
some  of  these  new  substances,  and  receives  in  exchange  certain  waste  products 
which  have  to  be  got  rid  of.  Its  composition  is  thus  highly  complex.  Besides 
carrying  the  neio  nutrient  fluids  to  the  tissues,  it  is  also  the  great  oxygen-carrier, 
as  well  as  the  medium  by  which  some  of  the  waste  products,  e,g,y  COg,  urea,  are 
removed  from  the  tissues,  and  brought  to  the  organs,  c.^.,  the  lungs,  kidneys,  skin, 
which  eliminate  them  from  the  body.  It  is  at  once  a  great  pabulimi-supplying 
medium  and  a  channel  for  getting  rid  of  useless  materials.  As  the  composition  of 
the  organs  through  which  the  blood  flows  varies,  it  is  evident  that  its  composition 
must  vary  in  different  parts  of  the  circulatory  system ;  and  it  also  varies  in  the 
same  individual  imder  diflferent  conditions.  Still  with  slight  variations,  there  are 
certain  general  physical,  histological,  and  chemical  properties  which  characterise 
blood  as  a  wholeJ] 

1.  PHYSICAL  PSOPESTIES.— (1)  Colour.— The eolour  of  blood  varies  from  a 
bright  scarlet-red  in  the  arteries  to  a  deep,  dark,  bluish-ied  in  the  veins.  Oxygen 
(and,  therefore,  the  air)  makes  the  blood  bright  red;  want  of  oxygen  makes  it 
dark.  Blood  free  from  oxygen  (and  also  venous  blood)  is  dichroic — t.e.,  by  reflected 
light  it  appears  dark  red,  while  by  transmitted  light  it  is  green.  [Arterial  blood  is 
monochroic] 

In  thin  layers  blood  is  opaque,  as  is  easily  shown  by  shaking  blood  so  as  to  form 
bubbles,  or  by  allowing  blood  to  fall  upon  a  plate  with  a  pattern  on  it,  and  pouring 
it  off  again.  [Printed  matter  cannot  be  read  through  a  thin  layer  of  blood  spread  on 
a  glass  slide.]  Blood  behaves,  therefore,  like  an  "  opaque  colour,"  as  its  colouring 
matter  is  suspended  in  the  form  of  fine  particles — the  blood-corpuscles. 

Hence,  it  is  possible  to  separate  the  colouring-matter  from  the  fluid  part  of  the  blood  by 
filtration.  This  is  accomplished  by  mixing  the  blood  with  fluids  which  render  the  blood- 
oorpnscles  sticky  or  rough.  If  mammalian  blood  be  treated  with  one-seventh  of  its  volume  of 
solution  of  sodic  sulphate,  or  if  frog's  blood  be  mixed  with  a  2  per  cent  solution  of  sug^ar  (Joh, 
MUller)  and  filtered,  the  shrivelled  corpuscles,  now  robbed  of  part  of  their  water,  remain  upon 
the  filter. 

(2)  Beaotion.— The  reaction  is  alkaline,  owing  to  the  presence  of  disodic 
phosphate,  NajHPO^,  and  bicarbonate  of  soda.  After  blood  is  shed,  its  alkalinity 
rapidly  diminishes,  and  this  occurs  more  rapidly  the  greater  the  alkalinity  of  the 
blood.  This  is  due  to  the  formation  of  an  acid,  in  which,  perhaps,  the  coloured 
corpuscles  take  part,  owing  to  the  decomposition  of  their  colouring  matter.     A  high 
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2  ALKALINITY  OF  THE  BLOOD.  [SOC.  1. 

temperature  ami  the  adilition  of  an  alkali  favour  the  f(.»miation  of  the  acid  (A\ 
Zuntz), 

The  alkaline  reaction  of  blood  is  dimimdied  :  (a)  by  great  muscular  exertion,  owin^  to  the 
formation  or  a  large  amount  oFaci^ln  tLe  muscles ;  (3)  during  coagulation  ;  (7)  in  old  blood, 
or  blood  dissolved  by  water  from  old  blood-stains,  such  blood  bein^  usually  acid  ;  fresh  cmor 
has  a  stronger  alkaline  reaction  than  serum  ;  (8)  after  the  prolonged  use  of  soda  tlie  alkalinity 
is  increased,  after  the  use  of  acids  it  is  decreased.  In  women  and  children  the  alkalescence  is 
less  than  in  man,  and  it  is  less  in  lying-in  women  than  in  pregnant  women  {Pciper), 

Methoda. — Owing  to  the  colour  of  the  blood  we  cannot  employ  ordinary  litmus  pa]«r  to  test 
\U  reaction.  One  of  the  following  methods  may  be  used  : — {l)  Moisten  a  strip  of  glazed  red 
litmus  pai)er  with  solution  of  common  salt,  and  allow  a  drop  of  blood  to  fall  on  the  paper  ; 
then  rapidly  iiipe  it  off  before  its  colouring  matter  has  time  to  penetrate  and  tinge  the  paper 
{Zuntz),  (2)  Liebreich  used  thin  plates  of  plaster-of- Paris  of  u  perfectly  neutral  reaction. 
These  are  dried,  and  afterwards  moistened  with  a  neutral  solution  of  litmus.  \Vben  a  drop  of 
blood  is  placed  upon  the  porous  plate,  the  fluid  part  of  the  blood  passes  into  it,  the  cor- 
puscles are  then  washed  off  with  water,  and  the  altered  colour  of  the  litmus-stained  slab  is 
apparent  [(3)  Schafer  uses  dry  faintly-reddened  glazed  litmus  paper,  and  on  it  is  placed  a 
drop  of  blood,  which  is  wiped  off  after  a  few  seconds.  The  place  where  the  blood  rested  is 
indicated  by  a  blue  patch  upon  a  red  or  violet  ground.] 

ErtiniAtion  of  the  Alkalinity.— A  very  dilute  solution  of  tartaric  acid  (1  cubic  centimetre 
crombines  with  3*1  milligrams  of  soda,  t.«.,  1  litre  of  water  contains  7*5  grams  of  crystallised 
tartaric  acid)  is  added  to  blood  until  a  blue  litmus  paper  is  turned  red  (by  Zuntz's  method). 
100  grams  of  rabbit  s  blood  have  an  alkalinity  corresponding  to  150  milligrams  of  soda  ;  the 
blood  of  camivora  to  about  180  milligrams  {Las8ar\  while  100  c.c.  of  normiil  human  blood  have 
an  alkalinity  etpial  to  260-300  milligrams  of  soda  (r.  Jaksch). 

The  following  method  can  be  used  with  a  few  drops  of  blood  : — To  neutralise  the  blood,  tar- 
taric acid  in  the  above  concentration  is  used.  Preiiare  the  following  mixtures  by  mixing  the 
tartaric  acid  solution  with  a  concentrated  neutral  solution  of  sodic  sulphate,  and  then  addiDg 
sodic  sulphate  until  the  mixture  is  completely  saturated.  I.,  10  parts  of  solution  of  tartaric 
acid  to  100  ]>arts  of  concentrated  sodic  sulphate  solution  ;  II.,  20  parts  tartaric  acid  solution  to 
90  sodic  sulphate  solution  ;  III.  contains  these  substances  in  the  proportion  of  30  to  80  ;  IV., 
40  to  70  ;  v.,  50  to  60  ;  VI.,  60  to  50  ;  VIL,  70  to  40  ;  VIII.,  80  to  30  ;  IX.,  90  to  20  ;  and 
X.,  100  to  10.     Excess  of  sodic  sulphate  is  present  in  all  the  flasks. 

A  known  volume  of  the  blood  to  lie  investigateil  is  mixed  with  an  equal  volume  of  each  of 
the  mixtures,  in  a  small  tube,  which  is  made  by  drawing  out  a  glass  tube  1  millimetre  in 
diameter  to  a  fine  point.  To  calibrate  this  tube,  suck  up  water,  say,  to  the  height  of  8  mm., 
make  a  mark  on  tlie  tube  with  a  fine  file,  then  suck  up  the  water  until  its  lower  level  corre- 
sponds with  the  mark.  Again  mark  the  upper  limit  of  the  water.  To  test  the  blood,  suck  a 
drop  of  the  mixture  I.  up  to  the  level  of  the  first  mark  on  the  glass  pipette,  and,  after  wiping 
its  |K)int,  suck  up  an  eoual  quantity  of  blood.  Again  clean  the  point  of  the  pipette,  and  blow 
its  contents  into  a  watcn-^lass  ;  then  mix,  and  test  the  reaction  with  sensitive  violet-coloured 
litmus  paper.  Proceed  in  the  same  way  with  the  several  mixtures,  II.  to  X.,  until  the 
alkaline  reaction  disappears  or  the  acid  appears.  The  narrow  strips  of  litmus  paper  are  dipped 
into  each  of  the  mixtures,  the  corpuscles  remain  in  the  wetted  part  of  the  )>aper,  while  the 
fluid  permeates  further  and  shows  the  reaction.  As  a  rule,  the  degree  of  alkalini^  in  human 
blood  of  adults  corresponds  to  VI.,  and  in  children  to  IV.  Human  blood  can  be  sucked  directlj 
from  a  small  wound  made  by  a  needle,  either  by  attaching  an  elastic  tube  or  a  small  hypodermic 
syringe  to  the  pipette  {Laudois). 

Pathological. — The  alkaliuity  is  tncreaaed  during  persistent  vomiting,  and  decreaBed  in  pro- 
nounced anaemia,  cachexia,  ursemia.  rheumatism,  bign  fever,  diabetes,  in  poisoning  with  CO, 
degenerations  of  the  liver,  and  cholera.  [Immediately  before  death  by  cholera  it  may  be  acid 
{Cantajii).] 

(3)  Odour. — Bloo<l  emits  a  i)eculiar  (xloiir,  the  halitus  saiij^uiiiis,  which  differs 
in  animals  and  man. 

It  depends  upon  the  presence  of  volatile  fatty  acids.  If  concentrated  sulphuric  acid  [1^ 
vols.  ]  \fe  added  to  blood,  whereby  the  volatile  fatty  acids  are  set  free  from  their  combinations 
with  alkalies,  the  characteristic  odour,  somewhat  similar  to  that  of  butyric  acid,  becomes  much 
more  perceptible. 

(4)  Taste. — Blood  has  a  saline  taste,  dejienduig  uix)n  the  salts  dissolved  in  the 
fluid  of  the  blood. 

(5)  Specific  Oravity.— The  specific  graWty  is  1056-1059  in  man,  1051-1055 
in  woman;  in  children  less.  The  specific  gravity  of  the  blood-corpuscles  ia  1105, 
that  of  the  plasma  1027.     Hence  the  corpuscles  tend  to  sink. 


MICR08COP1C  EXAMINATIOX   OF   BLOOD. 


Clinical  Method,— A  thin  glasa  tube  h  drawn  out  till  it  is  of  small  calibre,  and  then  bent  at 
a  right  angle,  au'l  flosett  above  with  a  caoutchouc  cap,  thus  formiDjif  a  HDiall  j^ipettt*.  With 
this  inpettt?,  siick  up  n  drop  of  frt'iihly-iirawii  blool  obtained  by  prickiDg  thfi  finger,  Th»i  fine 
capillary- tube  iii  at  onct;  immersed  in  a  solution  of  sodie  sulpbatev  and  a  drop  of  the  blood 
expresses!  into  the  saline  solution*  It  \h  iieces'iary  to  prepare  several  solutions  of  *todic  sulpliate 
with  hpeeitic  gravities  varying  from  1050-1070.  The  solution  in  which  the  corpuscles  remain 
suspended  indicates  the  specilie  gravit)^  of  the  blood  {R*nf\  L(tudtji.s). 

The  drinking  of  water  and  hung^^r  diminish  thtj  specific  gravity  temporarily,  while  thirst  and 
the  digestion  of  dry  food  rai^e  it.     If  blood  be  pasiied  t!m)ugh  nu  orgau  artiHcially,  its  specific 

fravily  ri^es  in  con?ioiiiuence  of  the  absorption  of  dia^olved  mittcri*  and  the  giving  off  of  water, 
t  f»nll»  after  haMuormage,  and  U  diminiHiied  in  Itadly- nourished  iuilivitluals,  [By  working 
with  solutions  of  glycerine^  Jones  lind.'i  that  it  is  the  highest  at  birth «  and  at  a  miuirauitj 
between  the  second  w^ek  and  the  aocond  year  ;  it  rises  gradually  until  the  35th-45th  year.  It 
is  usually  higher  in  the  male  than  the  female,  is  dtmmtshcd  by  pregnancy^  the  ingestion  of 
solidjor  liquid  food,  aud  gentle  t'xercise.] 

[(0)  Temperature.  ™BbKM I  b  viscid,  and  its  teiii[iemture  %'arieji  from  36*5"  C. 
(97-7"F,)to  37-8  (100^  F.).  Tlip  wnrmest  bloo^l  iji  thi'  hody  h  that  of  tht' 
hepatic  vein  (§  210).] 

2.  IflCROSCDFIC  EXA]H:rNATIOir.^[llloml,  wlioii  examiniKi  by  the  miciH>- 
scope,  is  s^nni  to  ton.siist  of  an  cnorniouH  iiumher  of  corpuscles— col  on  n'd  ami 
eolourleBs — filiating  iji  a  tranftparcnt  tinid,  the  plasma,  or  liqaor  Bangumis, 
tog'^her  witli  the  Idood-plates  or  plat^^letis.] 


a 

Fig.  1. 

A,  human  coloured  blood-corpuscles — 1,  on  the  flat ;  2,  on  edge  ;  3,  rouleau  of  coloured  Tcor- 
puscles.  B,  amphibian  coloured  blood- corpuscles — 1,  on  the  fiat ;  2,  on  edge.  Cj  ideal 
transverse  section  of  a  humnn  coloureil  blood-corpuscle  magnified  &000  times  linear — fi6, 
diaiiioter  ;  fd,  tliirkocgs, 

L  Hiunan  Eed  Blood-Corpuacles.— (a)  Fona. — Thry  are  lircnlar,  t'oin-Bhai>ed, 
horaogeiiuou.s  dist-s^  with  saiH'<T4iki'  deprHssiouf^  on  both  snrfaces,  tiiid  witli 
rotinded  margins  ;  in  other  wtinis,  they  are  hi-coneave,  cirenlar  iion-niicleated 
discs  (tigs.  1,  A ;  5), 

(b)  Size.— The  diameter  (ab)  is  7'7fiy^  (6-7-9'3/i)  tho  greatest  thickness  (cd) 
r%  (fig.  1,  C),  [i,e,^  it  is  ^/ly^  to  jj^^y^  of  an  inch  in  diametefj  an<l  ahont  onc- 
fcuulli  of  tliat  in  thirknesrs]. 

They  are  slightly  diminished  in  aize  by  septic  feverj  inanition,  morphiai  incre.iscd  bodily 
temperature,  ami  CO^;  nnd  mcreased  liy  0,  watery  condition  of  the  blood,  cold,  consumption 
of  alcohol,  quinine,  and  hydrocyanic  acid.     C**mpaTf  §  10,  2, 

If  the  total  amount  of  blood  in  a  mtin   be   taken   at   44O0  cubie  eentimetre«,  the  corpasclca, 

*  The  Gre€k  letter  ^  represents  oue-thoiisandth  of  a  millimetre  (^-^OOOl  mm.),  and  is  the 
sign  of  a  micro- miUititettij  or  a  micr&n. 


RED  BLOOD-CORPUSCLES. 


[Sec.  2. 


therein  contained  have  a  surface  of  2816  square  metres,  which  is  equal  to  a  square  surface  with 
a  side  of  80  paces  ;  176  cubic  centimetres  of  blood  pass  through  the  lungs  in  a  second,  and  the 
blood-corpuscles  in  this  amount  of  blood  have  a  superficies  of  81  square  metres,  equal  to  a  square 
surface  with  a  side  of  18  paces  (IVelcker), 

fc)  The  weight  of  a  blood-corpuscle  is  0*00008  milligram. 
(d)  Colonr  and  Transparency. — Each  corpuscle  is  of  a  light  straw-yellow  colour ; 
but  when  seen  en  masse  the  corpuscles  are  red.     They  are  fairly  transparent ;  thus 
the  outline  of  one  corpuscle  can  be  distinctly  seen  through  another  corpuscle  lying 
above  it.] 

(e)  The  nnmher  exceeds  5,000,000  per  cubic  millimetre  in  the  male,  and 
4,500,000  in  the  female ;  so  that,  in  10  lbs.  of  blood,  there  are  25  billions  of 
corpuscles.  The  niunber  is  in  inverse  ratio  to  the  amoimt  of  plasma  ;  hence,  the 
number  must  vary  with  the  state  of  contraction  of  the  blood-vessels,  the  pressure, 
diflFusion  currents,  and  other  conditions. 

The  number  of  red  corpuscles  is  increased  ;  in  venous  blood  (especially  in  the  small  cutaneous 
veins),  after  the  use  of  solid  food,  after  much  sweating,  and  the  excretion  of  much  water  by 
the  bowel  and  kidneys  ;  during  inanition,  because  the  blood-plasma  undergoes  decomposition 
sooner  than  the  blood-corpuscles  themselves  ;  in  the  blood  of  the  newly-born  child,  especially 
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Fig.  2. 

Apparatus  of  Abbe  and  Zeiss  for  counting  the 
corpuscles.  A,  in  section  ;  C,  surface  view 
without  cover-glass  ;  B,  microscopic  appear- 
ance with  the  blood-corpuscles. 


Fig.  8. 
The  Milangeur  pipette 


or  mixer. 


when  the  umbilical  cord  is  long  in  being  tied  (§  40),  from  the  4th  day  onward  the  number  is 
diminished ;  in  persons  of  robust  constitution,  and  in  those  who  live  in  ttie  country.  The 
number  is  dlmijilshed,  during  pregnancy,  and  after  copious  draughts  of  water.  In  the 
earlier  period  of  foetal  life  the  number  is  only  i-1  million  in  1  cubic  millimetre.  (For  the 
pathological  conditions  see  §  10.) 


Sea  2.] 


NUMBER   OF    BLOOD- CORPUSCLES, 


r 

■  Hethoda  of  Counting  tbe  Blood-GoTpuscles, — TIip  pointvd  end  of  a  glass  pipette  (fig.  3),  the 

H  mixer,  is  tlipj^d  into  tbe  bloot!,  imd  by  sucking  the  elastic  tube  /,  bJood  is  drawn  into  the 

H  tube  until  it  renclieg  the  mark  ^,  oo  tlie  stem  o!  the  pipette,  or  until  tho  mnrk  1  is  reached. 

^m  The  carefully-cleaned  jKjint  of  the  pi|»ettu  is  dipped  into  the  artificial  fl^ram,  and  this  is  sucked 

H  into  tbe  pipette  until  it  reaches  the  inark^  10].     The  artihcial  sennn  eonaisit<i  of  1  voL  of  solu- 

^m  Hon  of  gum  arabic  (sp.  j^r.  1020)  aud  3  vol8.  af  a  soluliou  of  equal  prts  of  sodlc  aulphate  and 

^H  sodic  chioride  (sp,  gr.  10*20).     The  procei^s  of  ndxing  the  two  tin  ids  is  nided  by  the  presence  of  a 

H  little  glASa  ball  {a)  in  the  by  lb  of  the  pipette.     If  blood  ia  sucked  up  to  the  mark  ^,  the  strength 

H  of  the  mixture  is  1  :  200  ;   if  to  tho  luark  1,  it  is  1  :  100  ;  a  auiall  dro|»  of  the  mixture  is 

H  allowed  to  run  into  thci  coimting- chamber  of  Abbe  nnd  Zeiss  (fig.  21     Ihe  lirst  portions  ar^ 

^m  not  used,  in  order  to  obtain  a  iinilorm  samjde  from  the  bulb  of  the  pipette.     This  chamber  eoii- 

^m  Bistii  of  a  glass  receptacle  0*1  mm.  deep,  with  its  base  divided  into  mjuflres,  aud  cemented  to  n 

H  gliiss  slide,  tbe  whole  being  covered  with  a  thin  covering-glass.     The  spnee  over  f^ach  Hqmire  = 

H  tAti  cubic  millinietre.     Count,  with  the  aid  of  a  microscope,  the  number  of  b!ood-corpusel>;3  in 

H  each   gouare,  and  tbe   uumbt^r  found*  multiplied  by  4000,   i^-ill  give  tbe  number  of  blood- 

H  corpiiacles  in   1  c.mm.     Thin  nuni^H^r,  agiiin,  must  he  muUipUcd  by  100  or  200,  According  as 

f  tbe  blond  was  diluted  100  or  '200  times.     To  ensure  greater  accuracy,  it  is  well  to  count  the 

number  in  .f^jvr<i/  a^uareri,  and  to  take  tbe  mean  of  these, 

[Gowera"  method.  —  ''The  H»macytometer  (fig.  4)  consista  of— (1)  a  small  pii>ette,  which, 
when  liiled  to  the  murk  on  its  stem,  holdn  exactly  995  cubic  roilli metres.  It  ia  furnished  with 
an  iudia-rubber  tube  ond  mouthpiece  to  fiicilitate  filling  ami  emptying.     (2)  A  capillary  lulie 


Fig.  4. 

Gowers'  ap|mratu8.  A,  piitette  for  measuring  the  diluting  solntion ;  B,  capillkry  tube  for 
meaanring  tbe  blood j  C,  cell  with  divisions  on  the  floor,  mounted  on  a  alide  ;  D»  vessel 
in  which  the  dilution  ia  made  ;  E,  glass  stirrer  ;  F,  guarded  spear-pointed  needle. 

marked  to  contain  exactly  5  cubic  millimetreft^  with  india-rubber  tube  for  tilling,  Ac.  (3)  A 
small  glass  jar  in  which  the  dilution  is  made.  (4)  A  glass  stirrer  for  mixing  the  blood  and 
solution  in  tbe  gloss  jar,  (5|  A  brass  stage  plate,  carrying  a  gh^s  blip,  on  whitdi  is  a  cell,  jt  of 
a  millimetre  deep.  The  bottom  of  this  h  divided  into  j^^  millmietre  squares.  Upon  the  top  of 
the  Coll  rests  the  cover-glass,  which  is  kept  in  its  jdaco  by  the  pressure  of  two  springs  proceed- 
ing from  the  ends  of  the  stage  plate."  Tiie  diluting  solution  used  is  a  solntion  of  sodic  aulphate 
in  distilled  water,  sp.  gr.  1025,  or  the  following  : —sodic  anlphale,  104  grains;  acetic  acid,  1 
drachm  ;  distilled  water,  4  02. 

**995  cubic  milliraetreg  of  the  solution  are  pbiced  in  the  mixing  jar  ;  5  cubic  millimetres  ol 
bloo^i  are  drawn  into  the  capillary  tube  from  the  [juncture  in  the  finger,  iin<l  then  blown  into 
the  solution.  The  two  fluids  are  wi'll  mixed  by  rotating  the  stirrer  between  the  thumb  und 
linger,  and  a  small  drop  of  this  dilution  is  placed  in  the  centre  of  the  cell,  the  covenng-glaas 
gently  put  upon  the  cell,  and  secured  by  the  two  springs,  and  tbe  plate  placed  upon  the  stage 
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HISTOLOGY   OF  BLOOD-C'ORPUSCLES, 


[Sec,  a 


Drop  of  Inimau  blood  ghowitig  ftoiuu  of  tljo 
red  corpusclcB  in  rouleaux. 


of  the  njicroscajie.  Tlie  leus  in  tbeii  focus^sed  for  the  E<juares.  In  a  ft  \v  iiiiiiutea  the  corjtuifcles 
have  sunk  to  tbe  bottom  of  the  eelJ,  and  are  seen  &t  rest  on  tlie  Bqimrea.  Tlie  number  in  ten 
squares  is  then  counted,  and  this,  nmltiplied  hy  10,000,  i^ives  the  number  in  a  cnbic  niillimetre 
of  blood." 

To  cstimnte  the  coIohtIobb  corpuscles  only,  mix  the  blood  with  10  parts  of  0"5  7>cr  ciut. 
solution  uf  acetie  acid,  whicti  destroys  all  tlie  red  ('or|iU-scles  {Th<nftft\ 

3.  HISrOLOQY  OF  THE  HUMAN  BED  BLOOD  COEPUSCLES  ANB  TEE 
EFFECT  OF  REAGENTS.— Wlien  ol^served  singly,  linujaii  n  d  IdcxxUctrpuscles 

□  iire    Incrmruvfj    tircuJur   discs  of   a    yellow 
Lolour  with  n  .slight  tingn  uf  green  ;   t!iey 
sedii  U)  lie  devoid  of  an  envelope,  are  cev- 
tainly  uoii-niieleat^'d,  and  appear  k»,be  hoino- 
i^'eiieous  throtighout  (Kg.  b).     Eaich  eorpiiacle 
(onsit^ts  (1)  of  {1  frainework,  an  exceetlingly 
pale,     tnoLS]iarent,    snft    protophvsni  - —  the 
BtToma ;  ami  (2)  of  the  pigment  or  heemo- 
globin,  whieli  iniprfgnates  the  ^tiiniui,  inneh 
as  tittid  jtas^^rs  into  and  ia  retaimni  in  the 
interstiei  j^  of  a  ludhspon^^*'. 
(A)  Effeetfl  of  reagents  on  their  Vital 
Fhenomeiia .  — Tlie  hloud-eorpnseles  present 
in  slied  hhwid— or  even  in  dehhrinated  hlood, 
\v\wn  it  is  ndntn^dueed  int-o  tliecireidation — 
r<  t'lin  their  vit<ility  and  fmietifins  luuliniin* 
l^hi'ih   Heat  a  ( '  t  s  1  HI  we  r  f  n  1 1  y  <  »n  tl  le  i  r  v  i  Ul  i  ty, . 
fni  if  Idotxl  lje  Ilea  ted  to  T)2^  L\j  tlie  viUility  of 
the  re<l  corjmstdes  is  destroyed.    ^laminalian 
hliKhl  may  he  kept  for  fonr  or  five  days  in  a  vessel  under  ieed  water,  and  Ktill  rtdain 
its  fnnetions ;  hnt  if  it  he  kei>t  hunger,  and  reintroduced  into  tlie  eirenlation,  the 
eorpiweles  rapiilly  hreak  ttp—a  i»rf>rd  that  they  have  lost  their 
vitiility.     Tlie  red  eorjmscli^s  in  freshly  sheil  hlood  sonietinn-w  ex- 
iiihita  jieeidiar  inullierry  like  a|>pea ranee  (figs.  6,  7,  f/,  A)-     [This  is 
called  crenatioa  of  the  eoh aired  eorpnsides.     It  n(a-nrs  in  eawes  of 
poison ing  with  Calahar  hean  ;  antl  also  liy  the  addition  of  a  2 
per  cent,  sidntiun  tif  eoninion  sidt,]     The  hlood  of  many  persons 
Creualiou  of  human  erenates  spnitaneonsly^-a  ennditit>n  ascribed  to  an  active  eon  trae- 
red     blood  -  eor-  tion  of  the  stroma,  hnt  it  is  donhtfnl  if  this  is  the  cause.     The  ix-d 
puscles.    x300.    i'Hr|niHides  of  the  emlnyo-rldi  k  inidergi>  active  contraetion. 
(B)  On  tlieir  External  Characters. — (rr)  The  colour  is  ehangtMl  hy  many  gases. 
0  makes  Idood  scarkt,  want  of  (}  renders  it  dark  Iduish-redj  CO  makes  it  eherr}'- 
red,  NO  violL't-red,     There  is  no  diilerrnee  between  the  8hai>e  of  the  coriaiscles  in 
art-i'rial   and   ven<nis  hlood.     All   reagent^s  (rr/,,  a  concentrated  srdntion  of  so<iic 
sulphate),  which  ainse  gi-eat  shrinking  of  the  coloured  corpuscles,  prrKluce  a  very 
bright  scarlet  or  Imck-red  colour.     The  red  colour  s<»  protlnrcd  is  quite  difterent 
from  the  .'scarlet- red  nf  arterial  blood.     Reagents   which  render    hl»MHl-corpnaeles 
globular  darken  the  hltHMh  c.f/.,  water. 

[The  rontraat  ia  ircij  striking,  if  we  courpre  blood  to  which  ii  10  per  cent,  sfikitioii  of  conniiou 
stlt  has  been  added  with  blood  to  which  water  ha^  bi'cn  added.  With  relleeted  light  the  one 
is  bright  re<l,  and  the  other  a  very  dark  deep  erinison,  almost  hlQck.] 

(h)  Formation  of  Roul€anx.-^A  very  common  phem>menon  in  shed  bkhwl  i.q 
the  tendency  of  the  cor[ais€les  to  run  into  rovdeaux  (hgs.  1,  A3 ;  5), 

Conditions  that  increase  the  coaguhbility  of  the  hlocMl  favour  this  phenomenon,  which  is 
a»cribed  hy  Dogrol  to  the  attraction  of  the  discs  aad  the  fonnation  of  a  stieky  substflnee.  [The 
cause  of  the  formation  of  rouleaux  is  by  no  means  clear*  The  corpuscles  moy  ha  detached  from 
each  other  Ity  gently  touching  the  cover  glass,  but  the  roulraux  may  re-form.     Lister  suggested 
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Sec.  3] 


CHANGES   IN   BLOOD- COEPUSCLE*J. 


that  the  surfacea  of  the  corjiuscles  were  ao  altei-eii  that  they  became  adhesive,  Noi'ris  made  ex- 
periments with  corks  weighted  with  tacks  or  pins,  so  as  to  prmlace  partial  subniersion  of  the  cork 
Siscs.  These  discs  rapialy  cohere,  owing  to  capiUwrity,  and  form  rouleaux*  If  the  discs  be 
eoBipletely  suhmerged  they  renrnin  apart,  as  occurs  with  unaltered  blood-corpnscles  within  the 
blood'Tesaelfl.  If,  however,  the  corpuscles  be  dinp^d  in  i>ctroleuni,  and  then  placed  in  water, 
rowleaux  are  formed  J  If  I'eagente  which  caiiac  the  corpuscles  to  swell  vij>  be  added  to  the  blood, 
the  cor|>usclca  become  globular  and  the  rouleaux  break  up-  According  to  E.  Weber  luid  Suclianl, 
the  UDitin^  niedinm  is  not  fibrin  (although  it  may  sometimes  nssiime  a  fibrous  fonn  s  but  Ijelongs 
to  the  pi?nphcrnl  biyer  of  tbt^  corfuiscles. 

-The 


(r)  Changes  of  Form- - 


discharge  of  a  Leyden  jar  coiiHe 


the  covpuscles  to 


C 


9^  iC 


Red  hlood-conni*(jlfs.  «,  ft,  iiuiiiiiil  hiiunui  red  coipiiSLles,  the  eeiitral  depression  more  or  lesa 
in  focus  ;  f,  f/,  c,  mulberry,  and  f/^  A,  crenated  forms  ;  t^  pale  eorjiiisclcs  decolorised  by 
water  j  /,  tctrotna  :  /,  frog  s  bloml- corpuscle  acted  on  by  a  strong  aaliue  aolutiou. 

civimtc,  SO  that  their  surfaces  are  beset  with  coarse  or  tijie  pn\j<^etiiuis  (fig,  7,  r,  </, 

(%  tjy  h)\  it  also  causes  the  eorpusck's  to  a.'*sujiie  a  spherical  form  (f,  /),  fiiul  they 

Ijeeoiiie    suialler    thun     noruial.     The     corpuscles 

8o    altc^red    are    sticky,    atul    rttn    tc»^^et!i(»r    like 

tlrojis   of  nil  J  ftiriiiiii^^   larger   sjpheivs.     The    pro 

long*'<!   aetitui  <tf   the  eleetrieul  sjiark    eaiise^s  the 

liseiiiojtlohin    to    sejmrate    fnun    tlu^    stroma    (A"), 

whereby  the  tliiirl  jmrt  of  the  bhitid  is  n^ddeiieil, 

whil*^  tlie  stroma    18  recogiiigiihle  otily  as  a  faint 

shadow^  (/).     Similar  form>*   are    ti>   lie    fomul   in 

deeom]>o»ing  bloo<l,  as  well  as  after  the  action  of 

luany    other    rea^ent^.     Heat.— When    bbwl    is 

heat"  d,  "II  St  warm  st^ige^  to  52°  C.  the  corpuncles 

exhiliit  remarkrthle  change w.     8i>iue  oi  theiu  l>eeome 

.spliLrieal,    otln-rs    biseiiit-shaiie<l ;    sonu^    are    per- 

fcjrated,    while    in    others  sn>all    i>ortifa)fi    become 

iletaehed  and  swim  ahont  in  tlie  siirrouniling  Huid, 

a  ]>roof  that    heat  destroys  the    hist^dttgieal  indi- 

viilnality  of  the  eorpnscles  (fig,  8).     If  the  heat  hf'  continued,  the  corpuscles  are 

tUssolved  (S  10,3). 

The  addition  of  a  concentrated  sohitioii  of  urea  to  blood  acts  like  beat  on  the  blood-cor- 
puselea.  If  strong  pressure  bp  exerted  upon  a  mierosc^Jiuc  i)re|Tamtion»  the  blood* cor puseles 
ntny  break  in  pieces.  The  hitter  ]'roeess  is  called  hfamocytotrypsis,  in  contradistinction  to 
thnt  of  solution  of  the  coq>uacl€8  or  hiemocytotyfiifl. 

If  a  f\\i^i*i  toolstened  with  blood  be  rapidly  drawn  across  a  uarm  slip  of  glass,  so  that  the 
II Mill  diie-s  rapidly,  the  corpascles  exhibit  Tery  remarkable  sba|ies,  showing  their  great  ductility 
and  fioftiiess. 

[Water  renders  the  red  eorpusidefi  sphorical,  aU!iough  some  of  them  do  not  become  quite 
so,  tis  there  remains  a  slight  dc|u'essiou  or  umbilicus  on  one  side  of  the  cor]iuscle.  Gradually 
they  are  decolorised,  and  only  the  stroma — the  outline  of  whidi  is  dilRcult  to  see— remains  in 
tlic  tield  of  the  mieroscojw  (tig.  7*  l\  /).  The  water  passfs  into  the  corpuscles  by  osmosis, 
and  dissolves  out  the  luemoglobinj 


Fig,  8, 

KlTect  of  heat  on  liunian  coloured 
blood-corf  u»cles,  {SUrlin^) 
X  400. 


J 
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STAINING  OF   BLOOD-CORPUSCLES. 


[Sec.  4. 


Sftline  ■olntions  in   certain  conceDtratioDs  (2-3  per  cent.)  make  them  crenated  (fig.    6). 

[Acetic  add  renders  them  clear  and  transparent,  and  dissolves  out  the  hiemoglobin. 
See  p.  9  for  other  acids.  Alkmlies  in  very  dilate  solutions  make  them  spherical,  and 
ultimately  completely  dissolve  them.] 

[Hamburger  nas  studied  the  action  of  saline  solutions  of  various  strengths.  The  strength  of 
a  solution  in  which  the  corpuscles  remain  unaltered  he  calls  the  isotonic  or  neutral  point 
(0*64  per  cent,  for  NaCl,  and  5*59  per  cent  of  sugar).] 

Cytosoon—Gaule's  Experiment. — ^A  few  drops  of  freshly-shed  frog's  blood  are  mixed  with  5 
c.c.  of  0*6  per  cent,  solution  of  common  salt,  aud  the  mixture  defibnuated  by  shaking  it  along 
with  a  few  c.c.  of  mercury.  A  drop  of  the  dcfibrinated  blood  is  examined  on  a  hot  stage 
(30**-32*  C.)  under  a  microscope,  when  a  protoplasmic  mass,  the  so-called  *•  JVHrmchen," 
escapes  with  a  lively  movement  from  many  corpuscles,  and  ultimately  dissolves.  Similar 
"cytozoa"  were  discovered  by  Gaule  in  the  epithelium  of  the  cornea,  of  the  stomach  and 
intestine,  in  connective-tissue,  in  most  of  the  large  glands,  and  in  the  retina  (frog,  tritou).  In 
mammals  also  he  found  similar  but  smaller  structures.  Most  probably  these  structures  are 
parasitic  in  their  nature,  as  suggested  by  Ray  Lankester,  who  called  the  parasite  Drepanidima 


[Staining  Reagents. — Such  reagents  as  magenta,  picro-carmine,  carmine,  and 
many  of  the  aniline  dyes,  stain  the  nucleus  deeply  when  such  is  present,  and 
although  they  must  traverse  the  haemoglobin  to  reach  the  nucleus,  the  haemoglobin 
itself  is  not  stained.  When  no  nucleus  is  present,  therefore,  the  corpuscles  are  not 
stained.  Magenta  causes  one  or  more  small  spots  or  maculce  to  appear  on  the  edge 
of  the  corpuscles  (fig.  9,  a).     Wliat  its  significance  is  is  entirely  unknown.     Nonnal 


Q 
Q 


Fig.  9. 

a,  bf  human  red  blood-corpuscles  ;  a,  acted  on  by  magenta  ;  6,  by  tannic  acid.  The  others  are 
amphibian  red  blood- corpuscles  ;  c,  rf,  «,  effect  of  tannic  acid  ;  /,  of  dilute  acetic  acid  ;  g, 
of  dilute  alcohol  ;  d,  of  boracic  acid  [Stirling). 

saline  solution  (0*6  per  cent.  NaCl),  tinged  with  methyl  violet,  is  a  good  staining 
and  presen-ative  agent.  Red  corpuscles  become  green  when  they  are  treated  with 
indigo-cannine  and  borax,  and  then  with  oxalic  acid.  By  means  of  this  reaction 
Bayerl  discovered  the  formation  of  red  corpuscles  in  ossifying  cartilage  (p.  12). 

[Agitation  with  Mercury. — If  ox  blood  be  shaken  up  with  mercury  for  7  or  8  hours,  the 
corpuscles  completely  disappear,  no  trace  of  stroma  or  corpuscles  being  found  in  the  fluid 
{Meltzer  and  Welch).  The  addition  of  pyrogallic  acid  (20  percent.),  potassin  chlorate  (6  per 
cent ),  and  silver  nitrate  (3  per  cent. ),  completely  prevents  dissolution  of  the  corpuscles,  even 
though  the  shaking  be  kept  up  for  fourteen  days.] 

If  blood  be  mix^  with  concentrated  gum  solution,  and  if  concentrated  salt  solution  be  added 
to  it  under  the  microscope,  the  corpuscles  assume  elongated  forms.  Similar  forms  are  obtained 
by  mixing  blood  with  an  equal  volume  of  gelatine  at  36**  C,  allowing  it  to  cool,  and  then 
making  sections  of  the  coagulated  mass.  *"' 
on  the  cover-glass, 
observed. 


The  corpuscles  may  be  broken  up  by  pressing  iinnly 
In  all  these  experiments  no  trace  of  an  envelope  around  the  corpuscles  is 


4.  CONSERVATION  OF  THE  GOBFUSCLES.— The  blood-corpuscles  retain  their  form  in  the 
following  fluid  : — 

Pacini's  Fluid  : —  Hayem's  Fluid  ; — 

Mercuric  chloride,  2  grams.  Mercuric  chloride,  0*5  grams. 

Sodic  chloride,        4      ,,  Sodic  sulphate,  6      „ 

Glvcerine,  26    c.c.  Sodic  chloride,  1      ,, 

Water,  226      ,,  Water,  200    c.c. 

Before  using  it  dilute  it  with  2  parts  water. 

1  per  cent,  osmic  acid,  0*6  per  cent.  NaCl,  and  other  fluids,  have  also  been  recommended  for 
this  purpose.  In  order  to  investigate  fresh  human  blood  without  contact  with  air,  place  a  drop 
of  Hayem*8  or  Paciufs  fluid  on  the  skin  and  prick  the  skin  through  the  drop  of  fluid.  The 
blood  runs  into  and  mixes  with  the  fluid  without  coming  into  contact  with  the  air.     If  a  drop 
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LAKE-COLOURED   BLOOD, 


r 

■  of  blood  be  rapidly  dried  in  u  thin  layer  od  a  slide,  the  corimscles  retain  their  rorm  and  colour  ; 

■  and  if  the  procesa  Ix*  done  wHb  sufficient  raitidity,  *ven  the  blood-pluteleta  are  retnined. 

B  In  ill  vest  igatio;;  1>1g€i1  with  the  niRTosi'ope  for  forensic  porpcNaea,  it  is  necessary  to  have  a 

HL  solvent  for  the  blood  whun  it  CKniirii  a.s  staius  on  a  garment  or  iuhtnimeiit.     Dried  stiiins  are 

H  dissolved  by  a  concentrated,  or  a  30  per  cent.,  solution  of  caustic  potaab,  or  with  one  of  tlie  pre- 

H  sernng  Hnids,     If  the  staiu  be  softened  vvitb  concefiLratcd  tartaric  acid,  the  colourltiiiS  corpuscles 

H  are  aiM?eially  distinct  {Strurc),     Neverthel»fKs,  corpusclcfi  are  often  ifftf  found  in  such  stains.     If 

K  the  corpuscles  have  become  very  j^le,  their  colour  iiifiy  be  ioiproveil  by  adding  a  solution  of 

^^^B  iodiile  of  jiotas^iutn,  a  saturated  tiohition  of  picric  auiiil,   20  per  cent,  jiyrogallic  acid^  or  '6  piT 

^^^P  cent,  solution  of  diver  nitmte, 

I  li 

■  SO 

I  ^* 


5,  STROMA— LAKE-COLOUEED  BLOOD.— Many  reagents  ( aiisi>  tbe  hmno- 
ght]nn  to  sepjamte  frv»m  the  str<)nin.  Tlir  litX'mogliddu  ilissidves  in  tlio  ticruin  ;  ttie 
IdoiMl  Wefuiies  ilark  nni  uiul  transparent,  as  it  enntuijia  its  colouring  iimtt^n-  in 
sohitionj  and  lienee  it  m  caUod  '"  lake-Coloured  "  {RoUett).  Thi*  nggiegate  t^ontlition 
of  t!io  hfenioglolmi  is  not  altered  when  the  corpuscles  are  dissolveil^it  only 
changeB  its  place,  leavintr  the  stroma  and  ]ias^iiig  intti  the  serum.  Heiiee,  the 
temperature  of  the  bhxwl  \^  Hid  lowereil  therel>y. 


%/- 


§/i% 


Fig.  10. 
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Methods. — To  obtain  a  large  quantity  of  the  Btroma  for  chemical  purpoftes  ndil  10  vols,  of 
a  solution  of  con  no  on  8idt  (1  voL  conceiTitrateii  solution  and  \h  to  20  vcjIh.  of  \v;iter)  to  I  voL 
of  delibrinatcd  blood,  when  the  stroniata  are  thrown  duwii  as  a  whitish  precipitate. 

For  microscopical  piirpo&efi  mix  blood  with  an  eriuiil  volume  of  a  concentrated  eolution  of 
godic  snlnhatet  and  cautiously  add  a  1  pr  cent,  solution  of  tartaric  acid. 

The  fohowing  reagents  muse  a  ftejmration  of  the  stroma  from  the  Imemoglobin,  and  thiiH  mnko 
blood  transparent  : — 

(rt)  Physical  Agents.  "L  Hcatiiig  the  blood  to  60°  C\  {Srhnltze)  ;   the  tempera  tore,  however, 
varies  for  thti  blood  of  dillereut  animals.    2.  Repeated  frcyziog 
and   thawing   of  the   bhwi    [RoHrU),     3.  Sparks     from   an 
electrical  macbiue  (but  not  fdter  the  addition  of  salts  to  the 
blooci)  {RitJhtf) \  theeonstaiit  tiii4  induced  currents  {Nnumtnii), 

{h)  Chemically  active  Babatances  produced  within  the  Body.^ 
4-  Uile  {Eiinr/cM}  or  hili*  salts  {Pludnn,  n  Dn^f:h). 
5.  Serum  of  other  species  of  uniniids  {LitmioiH) ;  thus  dog  a 
serum  and  frog's  scrum  dissolve  the  Idoodcorpuselca'of  the 
rabVdt  in  a  few  nuoutes.  6.  Tlie  adrittion  of  kke-coloured 
blood  of  many  species  of  animnls  (Litjufois), 

{c)  Other  Chemical  Eeagents.  —7.  Water.  8.  The  vapour  of 
chloroform    {Bf>ttdtrr)  -    ether    {i\    inttkh) ;    amyls,    small 

quaiitities  of  iilcnhol  (/kW/f^O  ;  ihvmol  {Sfftirhttnd)  :  nitro.  ,^    ,,i      ,  ,       *  .t    p 

fcprol,  pamldehvde,  ethylic  ether;  aceton,  i>ctro!eum  ether,  Hed  b  ood-rorpus*  les  of  thefrog 
&e.  {L,  L^fmnl  '9.  Antimoninretted  hydroKen,  arstuiuretted  '^^"t*^^^  **^^  ^V  syrup  oSf(//^^»^). 
hydrugen  -  carbon  biijulphide  ;  boracic  acid  (2  per  cent),  added  to  the  amphibian  bloody 
causes  the  red  mas.s  (which  also  encloses  the  nucleus  when  such  is  present),  the  nu-ealled 
zooid,  to  separate  from  the  oscoid  (6g.  0,  d),  Thezooid  may  shritik  from  the  periphery  of  the 
corpUBcle,  or  it  may  puss  out  of  the  €orpusclealtogether(^VwcAv)  ;  Briicke  regards  the  stroma 
in  a  certain  sense  as  a  hon.*je,  in  which  ttie  I'eniaiiider  of  the  substance  of  the  corpuscle,  the  chief 
part  endowtfd  with  vital  phenomemit  lives.  11.  Strong  solutions  of  acids  dissolve  the  cor- 
puscles ;  more  dilutu  solutions  cause  precipltatcH  in  the  haemoglobin.  This  is  ea.*ily  seen  with 
carbolic  acid  {Mnis  and  Litmftds,  Stirh'rtfi  and  Itufink).  12,  Alkalitis  of  moderate  strengtii 
cause  sudden  solution.  A  10  per  cent,  tolntiou  of  potash  placed  at  the  edge  of  a  cover' 
gliBS,  shows  the  process  of  aoliuion  going  on  under  the  microscope.  At  first  tbo  corpuscles 
b«€ome  globular,  and  so  appear  smaller,  but  afterwards  they  burst  like  sonpdnibbleK.  13. 
Sueb  salt  sohitions,  whith  uj  }dants  cause  a  separation  of  the  protoplasm  from  the  cell-niem- 
hrane  (plasmolysis),  make  ox-blood  lake*coloured.  [14.  NH^Cl  injected  into  the  Idood  causes 
vacuoliition  of  the  red  corpusries  \JUhi^t(iky).  15.  Sodic  salicylate,  benzoate,  and  colchicin 
dissolve  the  red  corpuscles  {X,Pfitvn).} 

[TaunJc  Acid. — A  freshly  preiwired  solution  of  tannic  acid  has  a  remarkable  effect  on  the 
coloured  blood -corpii.'wiles  of  man  and  uninjak — causing  a  si'parnt ion  of  the  hn'inoglobiu  from 
the  stroma  (  W,  Ilobtrh).  The  usual  etfect  is  to  produce  one  or  more  granular  buds  of  biemo- 
globlu  ou  the  aide  of  tha  corpnatdes  (fig.  9,  6,  c) ;  more  rarely  the  hiemoglobin  collects  around 
the  nncleuSi,  if  such  he  prest-nt  (tig.  SH^  d),  oris  extruded^  as  shown  in  Wg.  tf,  c.] 

[Amntoniam  or  Fotassium  Snlphocyanlde  removes  the  luemoglobin,  and  reveals  a  reticular 
structure — infra  nncft  ft r  phxna  of  htirils  (Stiflittff  and  Jtanjtic).} 
[Syrup  cJiuses  some  of  the  red  corr»Uficles  to  l>ecoaie  tvviatctl,  and  to  exhibit  redder  patches  in 

them  (fig.  10).] 
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FORM   AND   SIZE   OF   BLOOD-COltPUSCLES. 


[Sec-  5. 


The  Amount  of  Oaaea  in  tlje  blood  exerciaes  an  iiiiportaiit  iiifliwnre  on  their  soUibility,  The 
corjuist'k'S  of  vetioiis  blood,  which  coutiiins  miioh  CO^  arc  more  t^auily  dissolved  than  those  of 
Arterial  blood  ;  while  between  both  stands  blocxl  containing  CO.  When  the  gases  are  com- 
pletely removed  from  the  blood,  it  become  a  lake- col  on  red. 

Salts  increai^p  the  resistjince  of  the  ct>rpiiselea  to  physical  means  of  solution, 
wliile  they  faeiliUtc  the  action  of  chemical  solvents. 

If  ccrtttiii  salts  be  added  in  linbstonce  to  Idood,  tliey  make  blood  lake- colon  red  j  potaBsic 
sidphocyanidy,  .nodic  cbloridi\  &c.  (Koirakn^ski/). 

Kesistance  to  Solvents. — The  red  ldt>od-corpnacles  offer  a  cerUiin  degree  of 
r*^sist4UiL'e  t-o  the  action  nf  solvents. 

Method, —Mix  a  small  dr<3i>  of  blood  with  an  equal  volume  of  a  3  [ler  ctnt  solution  of  simIic 
ililoride,  and  then  add  distilled  water  nntil  all  the  coloured  corpuscles  are  disBolvid.  Fill  the 
mixer  (lig.  3)  ufi  to  the  mark  1  with  blood  obtained  by  pricking  the  finger,  and  blow  this  blood 
into  an  equal  volume  of  a  3  per  cent  solution  of  NaCl  previously  jdaeeil  in  a  hollow  in  a  glass 
slide.  Mix  the  lluids,  and  tho  corpnatdes  will  remuiu  undissolved.  By  muana  of  the  pipette 
add  distilled  water,  and  goon  doing  so  until  all  the  cort'Useles  arc  dissolved  ;  which  is  asccrtaineil 
with  the  microscope.  In  normal  blood,  solution  of  the  corpnseles  occnrs  after  30  volumes  of 
distilled  water  have  been  added  to  the  blood  {Lfaidois). 

There  are  some  individuals  whoso  blood  is  more  soluble  than  t}tat  of  others  ;  their  corpuscles 
are  soft,  and  readily  undergo  changes,  ifnuy  conditions,  such  as  eholjemia,  |>oisouiug  with 
suhstaneds  which  dissolve  the  eorpuselea,  and  a  markedly  venous  condition  of  the  blood,  affect 
the  corpuscles.  Interesting  observations  may  be  made  on  the  blood  in  infectious  diaeasea, 
hamogbjbinuria,  and  in  cases  of  burning.  In  aniemia  and  fever,  the  capa^'ity  for  resiatance 
se«ma  to  be  diminished. 
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Fig.  11. 

Blood  of  frog,  a,  red-blood  corpuscle 
seen  on  the  flat,  b  in  profde, 
three- qnarter  face  ;  some  of  the 
red  corpuscles  shosv  vai^uolea  {v) ; 
i(^  colourless  corpuscle  at  rest; 
m,  one  mtb  amceboid  processes. 


6.  FORM  AND  SIZE  OF  THE  BLOOD-COEPUSCLES  OF   ANIMALS,— 

All  nianjiuids  (with  the  ivxri^ption  of  tlie  camel, 
Ihnui*,  iilpaca,  and  their  allies),  and  tlie  cyclo- 
stnmata  aninn^^'^t  fishers,  e./?.,  Petmniyzon,  {wssess 
c'ircvdjir  !d-concavc  non-nucleate(f  dii*c-8hai>ed 
colonred  forpnsidch^.  Ellijjticnl  eorpiii^cles  with- 
rait  a  nut^leus  are  found  in  tlie  above-inuMed 
nianiBials,  while  all  birds,  rcptilesij  anipbihiaus 
(tig.  1,  li,  1,  2),  and  tithes  (except  cjclost«>niata) 
have  mtehfited  elliptical  bi-convex  ctirpnscles  (tig. 
11),  [The  corpUHiles  have  a  yellow  colour,  auU 
i  I  re  transi  m  rent.  The  area  c^c  c  i  ipi  e  d  by  tl  i  e  nn  dens 
is  les^s  coloured  than  the  homogeneous  j>erinuclear 
pi»rt]. 

Amonj^t  vertehTatea  amphioxus  has  colourless  bloods 
The  large  blood 'ooqniselea  of  many  amphibia,  r.?;.,  ani- 
phinma,  are  visibk*  to  the  naked  eye.  The  blood  cor- 
paacles  of  the  frog  (fig,  11)  contain^  in  addition  to  a 
nucleus,  a  nucleolus  {Aiterbach^  Itfttivicr),  [and  the  sjtnie 
19  trn«  of  the  coloured  (!or|>U9cles  of  the  neivt  {StirliHti), 
The  nucleolus  is  n^vealed  by  acting  on  thi3  coq>uscles 
with  dilute  alcohol  (1,  alcohol;  2,  water;  Ranvier*s 
**tdcfHd  an  tiets*  (fig.  9,  //).]  It  is  evident  tbat  the  larger  the  blood -corpuscles  are  the  smaller 
must  blithe  number  anil  total  ;sui>erficit*s  of  the  corpuscles  in  a  given  volume  of  bloo<b  hi 
birdfl,  however,  the  number  is  rcbtividy  larger  than  in  other  classes  of  vertebrates,  notwith- 
Htanding  the  larger  sij^c  of  their  cor|uisclts  ;  thiri,  doubtless,  has  ai  relation  to  the  very  energetic 
mptaboliam  thot  takes  place  in  birds  {Mafassez).  Amongst  nwmmala,  carnivora  have  morie 
blaod-corpuscles  than  licrbivora.  (ioata  blood  contains  9,720,000  eorpustdi'S  jx^r  cubic  milli- 
metre ;  llama's,  13,000,00fl  ;  bullfinch  s,  S, 600,000  ;  lizard\  l,<20,OO0  ;  frog\  401,000  ;  and 
that  of  protens,  36,000  (H'rldrr),  In  hybemating  animals  the  number  diminishes  from 
TjOTO.OOO  to  2,000,000  per  cubic  millimetre.  No  relation  ojtistfi  between  the  size  of  the  animal 
and  that  of  its  blood-corpuseles. 

The  invertebrata  generally  have  colourless  blood,  with  colon rlea.<i  eorpusclea  ;  but  tho  eailli* 

wurin  ami  ihe  larvtv  of  the  large  gnats,  ire.,  have  red  blood  whose  plasma  coutaina  hsmoglobiii, 

bile  the  blood- corpuscles  themselves  are  colourless.     Mnny  invertcbmtea  possess  red,  violet, 
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ORIGIN  OF  BLOOD-CORPUSCLES. 
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brown,  or  green  opalescent  blood  with  colonrless  corpuscles  (amceboid  cells).  In  cephalopods, 
and  some  crabs  the  blood  is  bine,  owing  to  the  presence  of  a  colouring  matter  (hssmocyaimn), 
which  contains  copper,  and  combines  with  0. 


tSttze  Oa=OH)01  Millimetre) 
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Elephant,  . 
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4-0  II 
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16-7  „ 

19-5  „ 

35-0  „ 


Umt  Diameter. 

80  M 

U-7  ,, 
22-3  „ 
29-3  „ 
58-0  „ 

The  corpuscles  of  Amphiuma  are  nearly  one-third  larger 
than  those  of  Proteus  {Riddel). 


7.  ORIGIN  OF  THE  BED  BLOOD-COEFUSCLES.— (A)  During  Embryonio 
Life. — BlcKxl-corpuscles  are  developed  in  the  fowl  during  the  first  days  of  em- 
bryonic life.  [They  appear  in  groups  within  the  large  branched  cells  of  the 
mesoblast,  in  the  vascular  area  of  the  blastoderm  outside  the  developing  body  of 
the  chick,  where  they  form  the  "  blood-islands "  of  Pander.  The  motlier-cells 
form  an  irregular  network  by  the  imion  of  the  processes  of  adjoining  cells,  and 
meantime  the  central  masses  split  up,  and  the  nuclei  multiply.  The  small 
nucleated  masses  of  protoplasm,  wliich  represent  the  blood-corpuscles,  acquire  a 
reddish  hue,  while  the  surrounding  protoplasm,  and  also  that  of  the  processes, 
becomes  vacuolated  or  hollowed  out,  constituting  a  branching  system  of  canals ; 
the  outer  part  of  the  cells  remaining  with  their  nuclei  to  form  the  walls  of  the 
future  blood-vessels.  A  fluid  appears  within  this  system  of  branched  canals  in 
which  the  corpuscles  lie,  and  gradually  a  communication  is  established  with  the 
blooil-vessels  developed  in  connection  with  the  heart.  Acconling  to  Klein,  the 
nuclei  of  the  protoplasmic  wall  also  proliferate,  and  give  rise  to  new  cells,  which 
are  washed  away  to  form  blood-corpuscles.]  At  first  the  corpuscles  exhibit 
amoeboid  movements,  are  devoid  of  pigment,  nucleated,  globular,  larger  and  more 
irregular  than  the  permanent  corpuscles.  They  become  coloured,  retain  their 
nucleus,  and  are  capable  of  undergoing  multiplication  by  division ;  Remak 
observed  all  the  stages  of  the  process  of  divincn,  which  is  best  seen  from  the  3rd 
to  the  5th  day  of  incubation.  Increase  by  division  also  takes  place  in  the  larvaB 
of  the  salamander,  tritoii,  and  toad  (Flemminp);  and  during  the  intra-uterine  life 
of  a  mammal,  in  the  spleen,  bone-marrow,  the  liver,  and  the  circulating  blood 
(Bizzfjzero). 

Neumann  found  in  the  liver  of  the  embryo  protoplasmic  cells  containing  red 
blood-corpuscles.  Cells,  some  with,  others  without,  haemoglobin,  but  with  large 
nuclei,  have  been  foimd.  These  cells  increase  by  division,  their  nucleus  shrivels, 
and  they  ultimately  form  blood-corpuscles  (Ldtoit).  The  spleen  is  also  regarded 
as  a  centre  of  their  formation,  but  this  seems  to  l)e  the  case  only  during  embryonic 
life  (Neumann),  Here  the  red  corpuscles  are  said  to  arise  from  yellow,  round, 
nucleated  cells,  which  represent  transition  forms.  Foa  and  Salvioli  found  red 
corpuscles  fonning  endogenously  within  large  protoplasmic  cells  in  lymphatic 
glflOlds.  In  the  later  period  of  embryonic  life  the  characteristic  non-nucleated 
corpuscles  seem  to  be  developed  from  the  nucleated  corpuscles.  The  nucleus 
becomes  smaller  and  smaller,  breaks  up,  and  gradually  disappears.  In  the  human 
embryo  at  tlie  fourth  week  only  nucleated  corpuscles  are  found ;  at  tlie  thinl 
month  their  number  is  still  \-^  of  the  total  corpuscles,  while  at  the  end  of  foetal 
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Ufc  iiticleated  bl«Hl-r<  ►rptiseles  are  very  mrely  fcnuid.  Of  conrst'^  in  iinimnlrt  with 
imck^ati'<l  Iilood-c'urpiisrk^s  tlK-  innIcniH  i»f  the  Finhnunic  ItltKiihrurpUiicles  iviimins. 
(B)  BuriB^  POBt  Embryonic  Life.—Kiiliikor  aksuiiHul  that  in  the  Uu\  i>f  tlie 
tad|KjJe  <*a]jilkiri»'s  are  fi>iiiied  hy  tlie  ana.stoiimHo.s  f«f  tlie  processes  of  hranehed  and 
radiating  eoinieetivetisiHue  L'or[msc'les»  These  rorpiisekvs  kiAc*  their  nuclei  and 
prot^tpIaBTii,  Iwconic  hollowed  out,  join  witli  neighbouring  eapillarie.%  and  thus 
form  new  blood-elmniieLs.  J.  Anioltl  luid  (roluliew  ijpjMi^ie  thin  vifw,  asHeTtiug 
that  the  hlood-eapillaries  in  the  tiiil  *)f  the  tiulpole  give  off  solid  huils  at  ditlrreut 
places,  which  grow  nna'e  and  more  intti  the  sun'otoidiiig  tissues,  autl  auawtouinse 
with  each  ntliur  ;  after  their  imjtopki.sm  and  eontents  disa|ipear,  they  heeoine 
hollow,  and  a  hraiiehed  ?iysteni  of  ea]»ilLirie8  is  fonueil  in  the  ti.^Hues.  Kanvit'r 
noticed  the  name  niode  of  growth  in  t\w  ouieutuni  of  iiewly  liorri  kittens. 

YouDg  rahliitH,  a  week  old,  have  in  their  onieiitniu  yniall  white^  or  milk  spots 
(Banvier),  in  wldeh  lie  "  vaso-formative  cells,"  i.e.,  highly  refractive  eeUn  of 
variable  shape,  with  loug  eyhudrieal  protopltu^mie  proeesfics  (tig.  12),     In  it**  re- 

fmetive  power  the  pri>tfsi*lasni  of 
these  ctdl^  re>seud>le  that  of 
lymi^h-eorpuselcH.  Long  nKl-bke 
nuclei  lie  witliin  the.se  cells  (K, 
K),  and  also  ral  ldood-rorjnml(^i< 
(r,  r),  aud  both  are  surrouniled 
with  protitiilasm.  These  vaso- 
formative cells  give  oli'  pro  to- 
phisuiie  i>rocesses  ((/,  a),  some  of 
IV  hieh  eud  free,  wbik  uthei's  k»rm 
a  net-work.  Here  and  there 
elongated  eounective-tissue  ei>r- 
puseles  lie  ou  the  bnmeheK,  and 
iiltiujately  fonn  the  adveiititia  of 
the  hlood-vess*d.  The  viu^o- 
foniiative  cells  liave  many  forms : 
they  may  he  ekmgated  cylinders 
ending  in  ]K3iuti4,  or  more  n>und 


/' 


Fig.  12. 
Formation  of  red  blood -corpitscles  within  **  vaso-fur- 
rrmtive  cells,"  froin  the  oijieatuai  of  a  rabbit  seven 
dftVft  ok!.  t\  r,  tbe  foruiud  tiorpiiseles  ;  K,  K, 
Burlei  of  the  vaso-rormolivfl  cell  ;  nr,  rr,  procesaen 
which  ultimately  unite  to  form  cnpiUaries, 

and  ova!,  reseml^ling  lyiupli  cells,  or  modi  tied  connective- tissue  corpus<les. 
TfiMe  cdh  are  ahra^s  the  smf  of  oriijin  of  non-nnrleafed  red  hktOff-rorpttHcfeM, 
which  arise  in  the  protojflasm  of  vitso- formative  cells,  as  chlorophyll  gTsiins  or 
starch  gi-anulcs  arise  within  the  cells  of  plants.  The  cia'[»uscles  I'Sinvpe  and  are 
washed  into  the  circulation,  when  the  cells,  liy  means  of  their  pr<jcesscs,  f<a'm  con- 
nections with  the  circ^ulatory  system.  Probably  the  vessels  so  formed  in  the 
omenutiu  are  only  tem]M>rarv,  May  it  not  be  that  there  are  many  other  situfitiinis 
in  tht^  body  wiierc*  Idoctd  in  regeneratetl  ? 

[The  observations  of  Sehafer  also  prove  the  iutra-cellular  Oli^llL  of  reil  bkuHl- 
corpuscles,  and  although  this  imnk?  UHually  ceases  before  birth,  still  it  is  foiuul  in 
thi^  rat  at  birth.  Tlie  protojila^sni  of  tlie  sulxutaneous  coEnective-tiBaiie  cor- 
pQiCles,  which  are  derived  from  the  mesohlastj  has  in  it  small  toloured  glohulee 
iihtMit  tlie  size  of  a  coloured  corjniscle.  The  niother-eells  elongate,  l>eeome 
pointed  fit  their  ends,  anrl  uniti*  with  |>r<M^esses  from  adjoining  cells.  The  celk 
lieeome  vacuolated;  tluid  or  j>lasma,  in  which  the  liberated  Ciiqiuscles  float,  appears 
in  their  interior,  and  ultima t<dy  a  communication  is  establisheil  with  the  geiiend 
cireulatitm.] 

Neurnaiia  observed  similar  formatioos  in  the  embryonic  liver ;  Wissotzky  in  the  rabbit's 
iimnion  ;  Kleiuin  the  embryo chitk  ;  auil  l^ycrl  in  ossifying  eaitibge  (p.  8).  All  these  ohac'rva- 
tioiis  jzo  to  show  that  at  a  ciTtain  early  period  of  development  blood  -  cor  jiufic  lea  arc  formed  within 
other  larj,'©  celb  of  th(?  mcsobhist,  and  that  jiart  of  the  protoplasm  of  these  blood-forming  cells 
remains  to  form  the  wall  of  the  future  blood-vessel. 
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(C)  Later  Formation. — ifost  oliservr^rs  aj^Tt^e  that  the  red  bloori-corpusclc.^  are 
fortiied  from  spocial  nucleated  eolls,  which  gmdimliy  asaume  the  fon«  and  coknir 
of  the  perfect  red  ertrpusele.  Aecordiiig  to  Neuniaiio,  however,  these  eorpuaclea 
are  pimaueiiteil  from  the  first.  In  tlio  tailed  ain|jlitlnaiis  smd  lishes,  the  spleen,  in 
all  other  vertebrates  the  red  marrow  of  bonej  are  the  f^eaU*  of  fomiatioii  of  these 
corpujwdes,  wliirh  sulisei^m  iitly  inereasi'  hy  division  (A^tiiimannj  Rlmijleisrh^ 
Bizrji'j^ro),  In  the  red  marrow  of  hoiie  wo  can  stmly  all  the  stages  of  the 
tmnsftaiiiation;  espi'ciully  pidc  <  oiitractile  etdls  j^imilar  to  rolourless  corpnricles,  and 
alfio  red  nucleated  corpwseles,  winch  are  ^inular  to  the  nucleated  corpuscles  i>f  the 
enihryo,  and  the  progenitors  of  the  red  corpuscles.  These  tnnii^ition  cells  are  i?aid 
hy  Erh  t*)  he  more  nnnieroiis  after  severe  haemorrhage,  the  nuniher  of  theju 
wcnrring  in  the  blood  correspomling  with  the  energy  of  the  formative  ]>rocea8, 
Aft^^r  copious  hseinorrhage  these  tmnsition  foniLS  appear  in  nundters  iti  the  Idood- 
strtvarn.  The  small  veins,  and  perhaps  the  capillaries  of  the  red  marrow  of  bone 
ami  tlie  spleen  liavi*  no  proper  walls,  so  that  the  red  corpuselci*  when  formed  can 
pa-ss  into  the  cirtndation. 

Bfid  or  blood-forming  marrow  oct^iini  in  tlie  Ijodp^  of  the  skulh  and  iq  most  of  tbe  bonaa  of 
thci  tninkj  wbile  the  bones  of  the  txtTemitius  either  contaiti  j'cliow  mrtrrow*  (wbicb  is  essentially 
fatty  in  its  nature),  or,  at  most,  it  is  only  the  beads  of  the  loti^  bones  that  contain  red  marrow. 
Where  the  blood-regenei'ation  process  h  very  active,  however,  the  yellow  inarrow  may  h* 
eh&Dged  into  red,  even  throughout  all  tbo  bones  of  the  extremities  {Neutnanny 

[The  most  recent  ol>«ervers  {Lowit^  Bizzozero^  and  Deni/s)^  regard  tlie  red  and 
white  hl(HHl-roriiuscIes  as  Ijeing  developed  independently  of  each  other.  Liiwit 
calls  the  early  sttigcs  of  the  h irim  r  erythroblasts  ami  (if  tlie  latter  lencoblasts.  In 
the  reil  marrow  of  the  lionrs  of  birds,  th<^  red  cfirpnscles  are  developed  withiji  the 
blood-Tessels  of  the  marrow,  and  the  colourless  ones  in  the  tissue  which  lit\s  in 
the  vascular  meshes.  The  erythroblavst**  are  originally  coloiirleisji;,  and  Ijetween 
them  ami  the  complete  red  corpuscle  there  is  a  complete  series  of  gradations.  The 
erythroblaats  have  a  large,  spherical,  ceutral  nucleus  with  a  pronounced  nuclein 
network  and  homogeneiais  *u'  slightly  gmnular  proti^plasm.  The  leucohlast.^,  on 
th<^  coutrary,  contain  a  small  nucleus  of  variable  form,  with  numerous  nucleoli,  and 
often  placed  i>eripherally.  The  jjrotofjla^ni  contains  many  eosinophile  granules. 
Btttli  exhiljtt  arucelwnd  movement,  but  this  is  more  active  in  the  leucohlast'j.  Both 
divide  by  iriitosis,  Some  of  the  erythroldaHts  pum  out  directly  in  the  hlood-streani, 
wliile  the  leucocytes  in  virtue  of  their  amcelxiid  movements  p»ass  hy  iliapede^ia 
into  the  vessels.  Repeated  hapnif>rrhages  lead  to  rai)i<l  niitotie  division  of  both  forms«.] 

[In  extrauterine  life,  in  mammals,  the  red  marrow  of  houe  is  midoulitedly  the 
chief  s4/at  of  the  fi>rmation  of  red  blood -corpitscles.  In  it  are  to  be  found  a  large 
numher  of  n^ieleated  red  l>k»od -corpuscles,  i.e.,  embryonic  f<:»rms,  which  ultimat<dy 
lose  their  nuclei,  pass  into  tlie  circuhition  as  jM?rfect  red  corpuscles.  Aftc^r  eopioua 
htemorrhage,  when  the  animal  forms  a  larger  luimber  of  eorpnseles  than  nsiml, 
as  it  were  striving  t<*  make  u[)  the  deHciency,  the  number  of  nucleated  red 
eorpusfdes  in  the  red  blooil-forming  iimrrow  is  gi-eatly  increased,  and  even  parts  <if 
what  was  |)re\^ionsly  yellow  marrow  afjpear  somewhat  redthsh.  The  blood-forming 
funetion  •  »f  tlie  red  marrow  is  greatly  increased  after  ha?morrhage  (N'eumfifm  aiul 
Bizzrmeroy  Often,  however,  there  is  an  additional  factor,  as  wlirjwn  liy  Bizzozero 
and  Salvinli  in  the  case  of  guinea-pigs  and  dogs.  In  these  animals  after  severe 
anaemia,  due  to  re|ie-ated  hsemorrhagc^s,  the  spleen  also  participates  in  the  formation 
of  red  corpuscles,  for  in  it  are  fouml  nucleated  rtnl  corpuscles  similar  to  those  of 
the  red  marrow.] 

[In  birds  also  red  hlood-corpuscles  arc  formed  in  the  red  marrow,  but  so  far  aa 
the  spleen  has  l>een  investigated,  Bizzozero  Inis  not  fountl  any  reason  to  belie vo 
that  this  organ  is  concerneil  in  the  formation  of  red  blood-corpuscle  a  in  these 
animaD).] 
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[Aecunliiig  t^*  IMzz^tzeio,  there  is  no  evidence  to  show  tlmt  the  white  eorpnscl 
art",  preeursoi^  of  tlie  red ;  the  red  corpuseles  arc  ilcriveil  from  special  corjuisclea 
(erythrolilnsts),  and    m  an*  the  white  (h^ueolila^ts).     The  red    onc^s  seem   to  he 
^  j^  foitnetl  witliin  tlie  1  ilo«xl-vei?seIii  of  the 

^- ^'' ^- ^^      red  niarrow  and  the  colonHeas  ones  in 

the  extra- V arte nhir  parts  of  the  marrow. 
The  red  ectrjitiscles  are  formed  h>'  the 
niit-otie  tliviHion  of  pre-exii<tinjL;  cells, 
whieh  are  quite  rlitferent  fn^ni  thr 
pj     ,^  rolouriess  curpuseh^s;  their  protnphisni 

A,  Ked  blood.coipii.cle  ora  chick  tmdorgmDK  T  '''"''''  KT'-midur,  hut  aimn^t  nhvay^ 
mitotic  division  nt  ritli-6th  day  of  incubatioD.  h^anoge neons*,  iH'vcr  colourless,  hut 
Bj  red  blood-corpuscle  of  frog  dividing ;  Y  slitrhtly  tinned  hy  ha?nioghd*Ui ;  they 
showH  a  thin  colourless  thread  of  protoplosni  never  exluldt  the  "lively  anioilM.id  mo  ve- 
nt ill  conn  t>cti«g  th.  two  daughter  empuscdes.  j,^^^^^^  ^^f^j^^  ^^,j^.^^^  corpuscles.      If  the 

red  marrow  of  any  of  tlie  elas^t'H  of  the  verti^^nitn  Ih*  examined,  e8|K:eially  after 
re|X'ated  hf^morrhageK^there  will  always  he  found  nunn'nuis  erythroldast.'^  undi'r- 
guiug  mitosis  (fig.  13),] 

[In  all  classt's  of  the  Yertebmta,  then,  the  red  marnnv  is  tlu-  gre^it  seat  of  tht- 
ferination  of  r^il  rorpui^des  iluring  adult  life.  Ihit  how  is  it  during  the  tlevelo]>- 
m^'nt  i)i  the  young  anunals  1  It  is  jiat  neeessruy  to  assume  that  the  red  are  derived 
frc^i  the  eolourleHS  eor]iuseles.  If  we  study  the  fat^.*  of  the  red  rorpiiSL-les  we  hud 
tliat  their  preseiiee  is  nut  due  ahsolutely  to  any  one  organ.  In  tlu"  fii-st  [dnises  of 
emhryonic  lift%  the  red  corpiL^les  devehij^  and  divid*'  within  the  whole  vaseTdar 
gystt^ui.  At  a  liit^^T  |>eriod  this  ceases  ami  they  are  develujH'd  in  th<*  li\'er  and 
«pleen  ;  at  a  later  period  still — in  extra-uterine  life — and  wlnnx  tlie  ])one  luarrow 
is  grc^atly  develo|M*il  thv  hhiod- forming  aetivity  of  the  liver  and  spleen  is  gradually 
diminished  and  ceases.  But  the  loss  is  not  ahsuhite  in  the  casi*  of  the  last  organ, 
US  it  can  again  he  eaused  tc;  )>roduee  red  corpuscles  after  copious  liR^morrhage. 
The  hloml-plates  are  in  no  way  eoneerned  hi  the  formation  of  red  eor[niseles,  they 
have  to  tlo  with  the  eoaguhxtion  and  other  vital  phi^nomena  of  th*'  Idood.] 

[Tlie  ]>alaiH*e  of  evitlence  prdnU  ti>  the  fnrmalion  of  red  Idood-tMrpii soles  in 
extni-uterini*  liie — h«dh  hi  ardmals  with  nucleated  and  in  those  with  uou-nueleated 
corpuscles — hy  the  sann'  pmeess  as  in  emhryonie  life  (?>.,  hy  indirect  dlTiiioil  or 
mitOftis  of  a  ty|iical  cellular  elementj  which  tluring  extni-uteriui"  life  is  chiefly 
found  in  the  marTow  of  Inaie  (Bi'ZQ~ero),] 

8,  BECAY  OF  THE  RED  BLOOD  COBPtTSCLES.— The  hloL.Uorpuscles 
undergo  deeay  within  a  limited  tune,  and  the  liver  is  regapled  as  one  ^d  tlie  chief 
orpins  in  which  their  ^hsintegnition  occurs,  because  hile-pigirients  are  fonned  from 
heenioglohin,  and  the  blcHxl  of  the  hepatic  vein  contains  fewer  red  coqiusclea  thau 
the  ]M^rtal  vein. 

Tile  splenic  pulp  contains  cells  which  indicate  that  coloured  corpusclea  aii? 
bpiken  up  within  it,  Thes<;  are  the  so^alled  "  blood-corpiLwle  containing  cells  *' 
(g  103).  ijuineke  s  observations  go  to  show  that  the  red  corpusch\'^ — whicli  may 
live  fn>iu  three  to  fnur  weeks — when  about  t-o  disintegrate,  are  taken  up  by  the 
white  bhsoil-eitrpuseles  in  the  heiwitie  eapilhirics,  liy  the  cells  of  the  spleen  iiml  the 
hiine-marrovv,  and  are  stored  iq»  chieily  in  tlie  capillaries  of  the  liver,  in  tlie 
spleen,  and  in  the  marrow  of  bone.  They  are  transformeil  partly  into  coloured, 
ami  partly  inbj  colourless  pi*oleiils  wliieb  eontiiin  iron,  and  are  either  dei>ositeil  iu  j 
a  gmnular  form»  or  are  disvsolved.  Part  of  the  produets  of  deeum[Jositioii  i-s  used 
for  the  fiU'ination  (d  new  blood-i-<jr[mscles  in  the  marrow  and  in  the  s]»leen,  and 
also  jK^rhaps  in  the  liver,  wdiile  a  portion  of  the  iron  ia  excretetl  hy  the  liver  in  the 
bile. 
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That  the  normal  red  blood-corpuscles  and  other  particles  suspended  in  the  blood-stream  are 
not  taken  up  in  this  way,  may  be  due  to  their  being  smooth  and  polished.  As  the  corpuscles 
grow  older  and  become  more  rigid,  they»  as  it  were  are  caught  by  the  amoeboid  cells.  As  cells 
containing  blood-corpuscles  are  very  rarely  found  in  the  general  circulation,  one  may  assume 
that  the  occurrence  of  these  cells  within  the  spleen,  liver,  and  marrow  of  bone  is  favoured  by 
the  slowness  of  the  circulation  in  these  organs  (Quiiicke). 

Pathological. — In  certain  pathological  conditions,  ferruginous  substances  derived  from  the 
red  blood -corpuscles  are  found  in  mosses  in  the  spleen,  the  marrow  of  bone,  and  the  capillaries 
of  the  liver:— (1)  When  the  disintegration  of  blood-corpuscles  is  increased,  as  in  aneemia 
(Stahel).  (2)  When  the  formation  of  red  blood -corpuscles  from  the  old  material  is  diminished. 
If  the  excretion  from  the  liver  cells  be  prevented,  iron  accumulates  within  them  ;  it  is  also  more 
abundant  in  the  blood-serum,  and  it  may  even  accumulate  in  the  secretory  cells  of  the  cortex 
of  the  kidney  and  pancreas,  in  gland  cells,  and  in  the  tissue  elements  of  other  organs.  When 
the  amount  of  blood  in  dogs  is  greatly  increased,  after  four  weeks  an  enormous  number  of 
granules  containing  iron  occur  in  the  leucocytes  of  the  liver  capillaries,  the  cells  of  the  spleen, 
bone-marrow,  lympn-glands,  liver  cells,  and  the  epithelium  of  tne  cortex  of  the  kidney.  The 
iron  reaction  in  the  last  two  situations  occurs  after  the  introduction  of  haemoglobin,  or  of  salts 
of  iron  into  the  blood  {Olaevecky  v.  Stark.)  In  thrombi  and  in  extravasations  of  blood  into  the 
neighbourhood  of  living  tissues,  there  is  formed  besides  hsematoidin,  the  body  hnmatoBiderin. 

When  we  reflect  liow  rapidly  large  quantities  of  blocxl  are  replaced  after 
haemorrhage  and  after  menstruation,  it  is  evident  that  there  must  be  a  brisk  manu- 
factory somewhere.  As  to  the  numl^er  of  corpuscles  which  daily  decay,  we  have  in 
some  measure  an  index  in  the  amoimt  of  bile-pigment  and  urine-pigment  residting 
from  the  transformation  of  the  liberated  haemoglobin  (§  20). 

9.  II.  COLOTFELESS  COSPUSCLES,  BLOOB-PLATES,  AITB  OEANTrLES.  - 
White  Blood-CorpoBOles. — Blood,  like  many  other  tissues,  contains  a  nimil^er  of 
^  C  cells  or  corpuscles  which  reach  it 

from  without;  the  corpuscles  vary 
somewhat  in  fonu,  and  are  called 
colourless  or  white  blood-cor- 
pusdes  or  "leucocytes"  (Hewsm, 
1770).  Similar  corpuscles  are 
found  in  lymph,  adenoiil  tissue, 
marrow  of  bone,  and  as  wander- 
ing cells  or  leucocytes  in  con- 
,  nective-tissue,  and  also  between 
glandular  and  epithelial  cells  [so 
that  their  ubiquity  is  a  marked 
feature,  thus  differing  from  the 
coloiu^d  corpuscles  which  nor- 
mally remaui  within  the  blood- 
vessels]. So  that  these  corpuscles 
are  by  no  means  peculiar  to  blood 
alone.  They  all  consist  of  more 
or  less  spherical  masses  of  proto- 
plasm, which  is  sticky,  highly 
refractile,  soft,  capable  of  move- 
ment, and  devoid  of  an  envelope 

D,  frog's  corpuscles,  changes  of  shape  due  to  amoe-  iresh  (A)  it  is  diflicult  to  detect 
bold  movement ;  E,  fibrils  of  fibrin  from  coagulated  the  nucleus,  but  after  they  have 
blood  ;  F,  elementory  granules.  been  shed  for  some  time,  or  after 

the  addition  of  water  (B)  or  acetic  acid,  the  nucleus  (which  is  usually  a  compound 
one)  appears;  acetic  acid  clears  up  the  perinuclear  protoplasm,  and  reveals  the 
presence  of  the  nuclei,  of  which  the  number  varies  from  one  to  four,  although 
generally  three  are  found.  The  subsequent  addition  of  magenta  solution  causes 
the    nuclei    to  stain   deeply.     Water    makes    the  contents    more   turbid,   and 
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Fig.   14. 
A,  human  white  blood-corpuscles,  without  any  reagent ; 
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raiises  i\n'  i nrpiLSflcs  to  swell  \i[h  l>no  or  ini>rc  nucleoli  may  hv  i»ivseiit  in  the 
iinfleys.  The  §iz€  of  the  corpnsrlew  vrtrii't<  fimii  4-13  /a,  ^nd  ii5  n  rule  they  are 
about  .j/^g  of  an  ineh  in  diameter ;  in  tlie  snialiest  fonus  the  hiyt-r  i)f  the  proto- 
plasm i«  extremely  thiiL  They  all  exhit>it  amceboid  movements,  which  are  very 
ap}>[irent  in  the  larger  eor|uusel(»i:5,  anil  were  iliseovfned  hy  Wharton  Jones  in  the 
skate  (1846),  and  by  Da  vine  in  the  eor]mscle!^  of  man  (1850).  Max  Schultze 
tle.s<  ribes  three  dilieri'nt  ioriii:^  in  human  blood  : — 

(1)  The  .smallest,  spliprieal  forms,  less  tlian  the  red  eorpuscles,  witli  t>ne  or  two 
I  me  lei,  and  a  very  smidl  aiiionnt  of  protopla-nm. 

(2)  Spherical  fi>rm.s  tlie  same  wize  as  th«*  coloured  hlood-corpusclee. 

(3)  Tho  largti'  amtpboid  eor[)U8eles,  with  nuieli  pnitoplasm  an<l  distinctly  evident 
movenieut^. 

[On  examiQiDg  huni&u  blood  microscopiimlly,  more  especially  after  the  coloured  blood-ccir> 
ptiBclt3$  have  ruu  into  rouleaux^  the  eoloiirlesa  coriJiisolca  may  readily  bo  di'tected,  th«re  l^eiiig 
usually  threa  or  four  of  tlieai  vimble  in  the  6c  W  at  once  (fig.  6).  They  adhere  to  the  glass  slide, 
for  if  the  cover-glass  be  iiioved^  tlie  coloured  corpuscles  readily  glide  over  each  otlier^  while  the 
colourless  caubo  secu  still  adhtniii^  to  the  nlido.] 

[Wliit©  CorpMcles  of  Kewt'a  Blood.— The  characters  of  the  colourlfM  corpuscles  artj  best 
studie'l  in  a  drop  of  newtn  itlootl,  which  contains  the  following  varieties  :^ 

(1)  The  large  finely  granular  corpuacle,  wbicli  la  about  ^iVz  of  !i"  i^i-di  iu  diameter,  irregular 
iti  outlioej  with  fiu*!  pr*>ces:4e3  or  pseuilopodia  projecting  from  its  surface.  It  rapidly  changes 
its  shape  at  the  ordinary  temperature,  uiui  in  its  interior  a  bi*  or  tri- partite  uucleua  tuayli*  seen, 
aurroaiided  with  fine  granular  protopliiJim,  whose  outline  is  continually  chauging.  SometiuuMi 
vactioffs  are  Heen  io  tbt*  protoplasm. 

(2)  The  coaiBelj  granular  yariety  is  lens  common  than  tbu  ftrtit-mentloued,  but  when  de 
tected  ita  cliarat^ters  are  distinct.  The  protoplasm  contains,  besides  a  nticleus,  a  large  number 
of  highly  refractive  fjiunules,  and  the  corpiisele  usually  exhibit^**  active  ania^boid  movementa  ; 
suddenly  the  granules  may  be  fjcen  to  rush  from  one  aid*?  of  the  corpuscle  to  the  other.  The 
procesaea  are  usually  more  blunt  than  tbose  emitted  by  (1).  The  relation  between  these  two 
kinds  of  corpusclea  lias  not  been  ascertained. 

(3)  The  small  eolourleae  corpuaclea  iire  more  like  the  ordinary  human  colourless  corpuscle, 
and  they  too  exhibit  annclioid  movements.] 

Two  kinds  of  colonrless  corpuscles  like  (1)  and  (2)  exist  in  frog^a  blooih  In  the  coarsely- 
granular  corpuscles  the  glancing  granules  may  be  of  a  fatty  nature^  since  they  dissolve  in 
alcohol  and  ether,  but  other  granules  exist  which  are  insoluble  iu  these  fluids.  The  nature  of 
the  latter  is  unknown.     Very  large  colourless  corpuscles  exist  in  the  axolotl's  blood. 

iln  the  Mood  of  birda  there  are  four  varieties  of  colourless  corpuscles  : — 
I )  Leucocytes  of  7-8  /*  in  diameter,  very  nnmerous,  which  exhibit  lively  movements,  and 
send  out  processes  ;  tlic  protoplasm  is  tolerably  dark,  but  this  is  not  due  to  granules  as  in  the 
case  of  the  leucocytes  of  maminalSf  but  to  the  pn^.^^nee  of  glancing  ciyatala,  which  are 
usually  pointed  at  their  ends,  and  arranged  radially  from  the  centre  to  the  iveriphery  of  the 
corpuscles.     They  are  not  fatty  in  their  nature. 

(2)  Leucocytes  about  the  size  of  (I),  but  with  gphcrical  fine  granules.  They  are  nucleated, 
contractile,  but  the  latter  to  a  less  degree  than  (1)* 

{3)  Small  (5-6ji  in  diameter)  finely  granular  leucocytes,  which  are  contractile,  but  do  not  send 
out  proceaaes, 

(4)  Colourle.'W  cells,  having  an  oval  nucleolated  refractive  nucleus,  and  the  protoplasm  of  the 
cell  vacuolated.  They  do  not  exhibit  contractile  movements.  The  last  variety  was  regarded  by 
Hayem  aa  corpuscles  that  developed  into  red  corpuscles,  but  there  is  no  evidence  confirmatory 
of  this  view]  {Biz^zn-o), 

[Action  of  Eeai^ents  oe  the  Colourlesi  Corpuscles.— (a)  Water,  when  added 
slowdy,  eaiLses  the  eolonrless  eorfiusch^B  to  lieetmie  j^4obiilar,  and  the  granules  within 
them  U>  exhibit  Browniaii  movements  {iv^.  14b),  (h)  Figmantfl,  such  as 
magenta  or  eurniiiie,  stuin  the  nuclei  very  deeply,  and  the  protcipliLsm  to  a 
extent  (c)  DUnte  Acetic  Acid  dears  nji  tlie  surrt»nnding  proti>phisiu  and  brings 
clearly  into  view  the  composite  nucleiiB,  winch  may  be  stuined  thereafter  with 
magenta,  (d)  Iodine  gives  a.  faint  jiort-w  ine  colour,  i  syiecially  in  horse's  hlixid, 
itidieatinR  the  pre.Hctice  of  glycti^cn.  (c)  Dilute  Aicohol  causes  tin'  formtititin  of 
clear  hlebs  on  the  surface  of  the  eorpnscles,  and  brings  the  nuclei  inti*  view 
{Eanvier^  Stirling).] 
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[A  delicate  plexus  of  fibrils — ^intra-niiolear  plexus — exists  within  the  nucleus 
just  as  in  other  cells.  It  is  very  probable  that  the  pro- 
toplasm itself  is  pervaded  by  a  similar  plexus  of  fibrils,  and 
that  it  is  continuous  with  the  intra-nuclear  plexus  (fig.  15).] 
The  colourless  corpuscles  divide  by  mitosis,  and  in  this  way 
reproduce  themselves. 

The  Number  of  Colourless  Corpuscles  is  very  much 
less  than  that  of  the  red  corpuscles,  and  is  subject  to 
considerable  variations.  It  is  certain  that  the  colour- 
less corpuscles  are  very  miidi  fewer  in  shed  blood  than 
in  blood  still  within  the  blood-vessels.     Immediately  after  Fig-  IS* 

blood   is  shed  an  enormous  nimiber  of  white  corpuscles  Plexus  of  fibrilsinacolour- 
disapi)ear  (§  30).  ^^^  blood-corpuscle. 

Al.  Schmidt  estimates  the  number  that  remain  at  ^  of  the  whole  originally  present  in  the 
circulating  blood.  The  proportion  is  greater  in  children  than  in  adults.  The  following  table 
gives  the  number  in  shea  blood  :— 


NUMBKB  OF  WhITK  IB   PKOPOUTIOM  TO  RKD  BLOaD-COSPUSCLBS. 


In  Normal  Condition. 


1  :  335  ( IFelcker). 
1  :  357  (MoUschoU). 


In  Different  Places. 


In  Different  Conditions. 


Splenic  Vein,        1  :  60 
Splenic  Artery,     1  :  2,260 
Hepatic  Vein,       1  :  170 
Portal  Vein,         1  :  740 
Generally  more  numerous 
in  Veins  than  Arteries. 


Increased  by  Digestion,  Loss 
of  Blood,  Prolonged  Sup- 
puration, Parturition,Leuk- 
seinia,  Quinine,  Bitters. 

Diminished  by  Hunger,  Bad 
Nourishment. 


[The  number  also  varies  with  the  Age  and  Sex : — 

Age.    Sex. 

White.    Red.          |           General  Conditions. 

White.    Red. 

Girls,  .... 

Boys,. 

Adults, 

Old  Age,      .         .         . 

1  :  406             1  While  fasting, 
1  :  226             I  After  a  meal  . 
1  :  384             1  During  pregnancy, 
1  :  381             1 

1  :716 
1  :  347 
1  :  281] 

The  amoeboid  movements  of  the  white  corpuscles  (so  called  because  they 
resemble  the  movements  of  amoeba)  con- 
sist in  an  alternate  contraction  and  relaxa- 
tion of  the  protoplasm  surrounding  the 
nucleus.  Processes  are  pushed  out  from 
the  surface,  and  are  retracted  again  (fig. 
16).  There  is  an  internal  current  in  the 
protoplasm,  and  the  nucleus  has  also 
been  observed  to  change  its  form  [and 
exhibit  contractions  without  the  cor- 
puscle dividing.  The  mitotic  aster, 
and  convolution  of  the  intra-nuclear 
plexus  have  been  seen].  Two  series 
of  phenomena  result  from  these  move- 
ments :  —  ( 1 )  The  "  wandering  *'  or 
locomotion   of    the    corpuscles    due    to  Fig.  16. 

the   extension   and   retraction   of    their         Human  leucocytes  showing  amoeboid 
processes ;  (2)  the  absorption  of  small  movements. 

particles  into    their   interior   (fat,    pigment,   foreign    bodies).      The    particles 
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iitUiert^  to  the  Htieky  i^vterntil  surface,  are  camnd  mUt  the  intt-rior  hy  the 
inteniiil  currentSj  aiitl  may  eventually  he  oxcrt'ted,  just  a^  partieh^s  arci  taken 
up  hy  anioeha  ami  tlie  effeU^  particles  excreted.  [Mux  Sehulize  observerl  that 
coloiireil  particles  were  rL^adily  kikon  up  by  tliese  cor])u,HLdt!S.  Conditions  for 
movement. — In  order  that  tlie  aiuoeh+jid  maveuicnts  of  the  leucoc\  to8  niay  take 
place^  it  is  neceK8ar}^  tliat  there  he — ^(1)  a  eertidn  teinpcrature  aud  ooruml 
atmospheric  ]>res.sui'e;  (2)  tlio  Rurrouuding  uieiiium,  within  certain  Hmits,  must  })e 
**  mdifterent,"  and  contain  a  suliicient  aujouut  of  water  and  oxygen;  (3)  there 
must  he  a  \mih\h  or  sHjiiKirt  to  move  om] 

Effect  of  Reagents.— (J n  a  hot  Ktage  (35'-40''  C*)  tlie  nolourless  corpuscles  of 
warm-blooded  animals  ret4xin  their  power  of  moving  for  a  king  time ;  at  40''  C* 
for  two  to  three  hoiir.s;  at  50'  C.  the  proteidi^  are  coagulated  and  cii\it4e  ^'heat 
rigor"  and  ileath,  [whcji  their  nnjveiiients  no  longer  recur  on  lowering  the 
temjjeriiture].  In  cold-blooded  animall  (frogs),  colourles.*?  corpuaclea  may  be  seen 
to  crawl  imt  of  Hmall  ctjagula,  in  n  moist  chamber,  and  move  ah^nit  in  the  aeruni, 
[I)raw  a  drop  df  nevvt^s  bbKul  intxi  a  capillary  tube,  seal  up  the  end.^  of  the  hitter 
and  allow  tin'  l>lo(xl  to  coagulate.  After  a  time,  examine  the  tube  in  idove  oil, 
when  Si»ine  of  tjie  colourle^ss  corpuscles  will  be  found  to  have  made  their  way  out 
of  tbe  clot.]  Induction  abocks  caui^e  tliein  to  ^vithdraw  their  processes  and 
hecr^me  ^phericalj  and,  if  the  shocks  be  not  too  strong,  their  movement*?  re- 
commence. Strong  and  continuetl  shocks  kill  them,  causing  them  to  swell  up, 
and  completely  disintegrating  them. 

Biapedesis. — Tln*se  amoeboid  movements  are  of  special  interest  on  account  of 
the  **  wandering  out"  (diapedesis)  of  eoiourless  bhx>d-corpuscles  thK»\igh  the  walls 
of  the  I) loml- vessels  (^  95). 

[Effect  of  DnigH^— AcidB  ami  alkaliea,  if  very  dilute,  at  first  iucreftse,  but  afterwards  arrest 
tUeir  ijiovenitnts.  Sodic  chloride  in  a  1  per  cenL  solutioa  nt  lirst  accelerates  their  movements, 
but  iifterwArtls  proiiucea  a  tetanic  coiitractioa,  and,  it  may  im,  expuUiun  of  any  food  partielea 
they  contain.  Th«  Oinchona  AlkaloidB — quiaiue,  quiiiidiue,  ciiichonidine  (1  :  1500) — quickly 
arrest  the  locomotive  movenionts,  m  well  aa  the  protruairui  of  pseudopodia,  although  the 
leueocy tea  of  dillerent  fimniBla  vary  somewliat  in  their  resiHtaaee  to  the  actiou  of  drugs.  Quinine 
not  only  arre«ta  the  movements  of  the  leucocytes  when  opplied  to  them  directly,  but  when 
iDJected  into  the  circuktiou  of  a  frog  the  leucocytes  no  longer  pass  through  the  walls  of  th« 
capillaries  (i?i«5).] 

rh<?  chyle  contains  leucocytes,  vvdiich  are  more  resistant  than  those  of  the  blood,  but  lens  ao 
than  those  of  the  coagulable  transudations.  The  leucocytes  of  the  lymphatic  glands  may  also 
be  dissolved  {Hfmsdan^i'h). 

Relation  to  Aniline  Pigmenti.— Ehrlicb  haa  observed  a  remarkable  relation  of  the  white 
corpuscles  to  acid  (eosin,  picric  acid,  aurantia),  basic  (dahlia,  acetate  of  rosaniliu)^  or  nctUreU 
fpicrate  of  LTifinnilin)  reactiona.  The  smallest  protoplasmic  granules  of  the  cells  have  different 
cnemical  aUnitiea  for  the>>e  pi^neuts.  Thus  Ehrlich  distinguishes  **  eoiinophile,"  '|bMO- 
phile/'  and  *' neutrophile  *'  granules  within  the  cells.  £oifin4>phife  granules  occur  in  the 
leacocytcs  which  come  from  bone-marrow,  the  myelogenic  leucocytes.  The  small  leucocytes,  Lc.f 
those  about  the  size  of  a  coloured  hlood-corimscle  or  slightly  larger,  are  formed  in  the  lymphatic 
glands,  the  lymphogenic.  The  large  ania*boid  multi ^nucleated  cells,  which  are  found  outsid© 
the  vessels  in  inflammations,  exhibit  a  nentrophilo  reaction.  Their  origin  is  unknown,  and 
so  is  that  of  the  Urge  uni-nucl<fatcd  cells,  and  the  large  cells  nith  constiicted  nuclei.  The 
eofiinophile  corpuscles  are  considerably  increased  in  leukaemia.  The  bas&pkik  granules  occur 
also  in  connective -tissue  corpuscles,  especially  in  the  neighbourhood  of  epilhelnim  ;  they  are 
always  greatly  increased  where  chronic  inflammation  occurs. 

Struggle  between  Utcrobes  and  the  Org&niam.  — Me tschuiko^  emphasizes  the  activity  of  the 
leucocytes  in  retrogressive  processes,  whereby  the  i>arts  to  be  removed  are  taken  up  by  them  in 
tine  granules,  and,  as  it  were,  are  **caUn/'  Hence,  he  calls  such  cells  * '  phagtjcytee, "  They 
maylie  found  in  the  atrophied  tails  of  batrachians,  the  cells  containing  in  their  interior  whole 
pieoea  of  nerve-tihre  and  primitive  muscular  bundles.  Si;hizomycetes  which  have  found  their 
wtT  into  the  blood  (§  IM)  have  been  found  to  be  partly  taken  tip  by  the  colourless  cerpuMjlea* 
[Tne  spores  of  a  kind  of  yeast  are  similarly  attacked  in  the  transparent  tissues  of  the  water- 
flea  by  the  leucocytes,  and  the  connective- tissue  cells  also  destroy  microbes.] 

[It  must  not  be  forgotten  in  this  connection  that  albumoses  are  produced  by  various  microbes, 
and  that  these  soluble  products  are  capable  when  injected  into  an  animal  of  producing  immunity 
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against  the  attack  of  certain  microbes,   t.«.,   a  chemical  as  distinguished  from  a  vaccinal 
immunity  (§  166).] 

III.  Blood-Plates. — Special  attention  has  recently  been  directed  to  a  third 
element  of  the  blood,  the  "blood-platea,"  "blood-platelets,"  or  "  blood-tablets"  of 
Bizzozero  (figs.  17  and  18);  pale,  colourless,  oval,  round,  or  lenticular  discs  of 
variable  size  (mean  3  /i).  In  a  healthy  man  Fusari  foimd  18,000  to  250,000  in  1 
cubic  millimetre  of  blood.  These  blood-plates  may  be  recognised  in  the  circula- 
ting blood  of  the  mesentery  of  a  chloralised  guinea-pig  and  the  wing  of  the  bat 
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Fig.  17. 

"  Blood-plates"  and  their  derivatives.  1,  a  red  blood-coipuscle  on  the  flat ;  2,  on  the  side ;  8, 
unchanged  blood-plates  ;  4,  lymph-corpuscle,  suirounaed  by  blood-plates  ;  6,  altered  blood- 
plates  ;  6,  lymph-corpuscle  with  two  heaps  of  fused  blood-plates  and  threads  of  fibrin  ;  7, 
group  of  fused  blood-plates  ;  8,  small  group  of  partially  dissolved  blood-plates  with  fibrils 
of  fibrin. 

They  are  precipitated  in  enormous  numbers  upon  threads  suspended  in  fresh  shed 
blood  [or  if  blood  be  beaten  with  a  linen  thread].  They  may  be  obtained  from 
blood  flowing  directly  from  a  blood-vessel,  on  mixing  it  with  one  per  cent,  solution 
of  osmic  acid.  They  rapidly  change  in  shed  blood  (fig.  17,  5),  disintegrating, 
forming  small  particles,  and  ultimately  dissolving.  When  several  occur  together 
they  rapidly  imite,  form  small  groups  (7),  and  collect  into  finely  granular  masses. 
These  masses  may  be  associated  in  coagulated  blood  with  fibrils  of  fibrin  (fig.  17). 

[These  blood-plates  are  best  seen  in  the  shed  blood  of  the  guinea-pig,  especially  if  it  be 
mixed  with  a  solution  of  sodic  sulphate  (sp.  gr.  1022)  or  J  per  cent.  NaCl  tinged  with  methyl- 
violet  Bizzozero  regards  theui  as  the  agents  which  immeaiately  induce  coagulation  and  take 
part  in  the  formation  of  fibrin  during  coagulation  of  the  blood  ;  Eberth  and  Schimmelbusch 
ascribe  the  initial  formation  of  white  thrombi  to  theuL  According  to  Lbwit  they  are  formed 
from  partially  disintegrated  leucocytes,  as  a  consequence  of  alteration  of  the  blood.  Along  with 
the  leucocytes  they  are  concerned  in  the  formation  of  fibrin  {Hlava).  These  structures  were 
known  to  earlier  observers  ;  but  their  significance  has  been  variously  interpreted.  Hayem  called 
them  hnmatoblasts.  Halla  found  that  they  increased  in  pregnancy,  Afanassiew  in  conditions 
of  regeneration  of  the  blood,  and  Fusari  in  febrile  ansemia  ;  thev  are  diminished  in  fever. 

[As  to  the  hsBnmtobUMts,  or,  as  thev  have  also  been  called,  the  *' globules  of  Donn^'*  by 
Pouchet,  there  seems  to  be  some  confusion,  for  both  coloured  and  colourless  granules  are 
described  under  these  names.  As  Gibson  suggests,  the  former  are,  perhaps,  parts  of  disintegrated 
coloured  corpuscles,  whilst  the  latter  are  the  blood-plates.  The  '* invisible  blood-corpuscles" 
described  bv  Norris  seem  to  be  simply  decolorised  red  corpuscles  (Hart,  Oih8(m).'\ 

[If  frogs  be  bled  repeatedly,  thus  leadinff  to  active  blood-formation,  it  is  stated  that  on  the 
third  to  the  sixth  day  all  stages  of  mitotic  division  of  the  blood-platelets  are  to  be  seen  {Mondiiw), 
The  same  observer  has  described  mitosis  of  mammalian  blood-platelets.  These  observations, 
however,  have  still  to  be  confirmed 
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Fig.  1^ 


-Blooii  cou tains  elementary  graEulea  (fig.  14,  F), 

[/.<•.,  the  elemoiitary  particlis  of  Ziinnier- 

mami    and    Betile.       They   are   inx^gnlar 

iKJiUes,  much   sin  all  er  tliaii  the  onlinary 

Gorpuscden,  and  ai>j>eav  in  fonsint  of  masses 

of  proto]»]asm  detiiclied  from  tlie  surface 

nf  k^iK'or^'t^'s,  or  di.^rLved   from  tlit?    dis* 

integration  of  tlie^e  (orinist'ley  or  of  the 

l>liiiid-phites.       <  Jtljers,    again,    art?    com- 

/-     pletely  s|i]ierical  granides,  either  consist- 

(W*  ing  of  som«j  prot^id  atd>Htance  or  fiittv  in 

Cf^  their  nutnre.     Tlie  jmjt<i|ilasnHe;  and  tlie 

proU^id  gi'aiinles  di.sai^peiir  on  the  adilition 

(  J    \^  V  J  1-  '^^  iicetic   acid,   while   the    fatty  granules 

TTr\  '^      «t5     ^'         -     ;   (    .    (which  are  most   nnmerouj*  itfter  a  diet 

Yr^  /  -^T/^    ^'^^^^  "*  ^^^^^^  di,sHolve  in  ether,] 

^  ^^  ^       ^  ^^         X.  In     coagulated     blood,     deiieate 

thread-s  of  fibrin  (fig^^.  14,  K,  and  17,  6,  7, 
8)  are  f?e(*n,nH»re  espeei ally  after  the  corpus- 
Blood 'Corpuscles  am  IWood- plates  from  uormnl   cleR  haAc  nm  int4>  rouh^siux.     At  the  node* 
humaQblo<»d.     («)  Red  blcKHi-conmscIea ;  ^f  these  fihres  are   found  granules  which 
{h)  cdoarless corpuscles  ;  {c]  blood.pUtes.   ^y^^^^^  re.send^r  tln>se  de.erilK>d  under  III, 

nviifii  tlie  blood-fonnitig  procesB  is  particularly  activt\  as  after  ropcflted  hii'morrliages, 
**  nucleated  coloured  corpasclos'*  or  the  ^*  oorpnacles  of  Nemnanii "  are  fecnuctiruea  fornul  in 
the  blo-oil.  Thty  are  iiknitiral  with  the  nuckntcd  coloiucd  blood- coi-puscles  of  tbe  foetujs,  bt'Uig 
lomewhflt  larger  titan  the  non-nutHeated  coloured  corpascle  {§  7).] 

10,  ABNORMAL  CHANGES  OF  THE  BLOOD-CORPDSCLES,— (1)  Hwjmorrliag^s  diiniiii«li 
the  number  cyf  red  rorimsoka  (at  moat  ouedialf),  and  m  dops  naeiiBtruation.  Tlie  loss 
is  partly  covered  by  the  al>8orptioii  of  fluid  from  the  tissaes.  Mt^iistriiation  sliowjs  us  that  a 
moderate  loss  of  red  corpuscles  is  replac^'d  within  tiveaty -eight  days.  Wlit'U  a  lari^c  amount  of 
bloo4  is  lost,  so  that  all  the  vital  process's  are  lowered,*  the  time  may  be  extended  to  five  weeks. 
In  acute  feven,  ast  the  temperatore  iuertiases,  the  numbt^r  of  ivy/  corpnacles  diminijth^it, 
while  the  white  corpuscles  inermac  in  numbi*r.  By  ijreatly  cooling  jienpherfll  parts  of  the  body 
a«  by  keeping  the  liand»  in  iced  water,  in  some  individuals  possessing  red  blood-corpuscles  of 
low  pe«ifiting  jjow^r,  the^e  corfiuscks  are  dissolvt'd,  the  blood-plasma  h  reddened,  ami  even 
hromoj^l  obi  nana  may  occur  (g  265). 

Diminiahed  productioii  of  new  red  rorpuscles  causes  a  dccTease,  since  blocxheorpuFcles  arc 
continually  being  UNed  u|n  In  chlorotic  females  there  scema  to  be  a  congenita!  weakucBB  in  the 
blooddbmiing  and  hlood-proplling  Apparatus,  the  cause  of  which  is  to  lie  sought  for  in  «ome 
faulty  condition  of  the  mesoblast.  In  them  the  heart  and  the  blood- vessels  are  small,  ami  the 
abeoliite  number  of  corpuscles  may  be  diminished  onedialf,  although  the  rdativf  number  may  b« 
rttained,  while  in  the  corjMiHclesthcmselvejithe  hsvmoglobin  h  duiunisbed  almost  one- third  \  but 
it  rises  again  after  the  administration  of  iron  iHayau),  The  administration  of  iron  increases 
the  amount  of  hicmoglobin  in  the  blood.  [The  action  of  iron  in  ananiie  jU'raouH  has  been  known 
aince  the  time  of  Sydenliam,  Hayeni  ako  finds  in  tertj^in  forms  of  amimia  that  thci'c  ra  con- 
siderable variation  iu  the  size  of  the  red  corpuscles,  nnd  that  in  chronic  ana-mia  the  menu  diameter 
of  the  corpuaides  is  always  less  than  normal  (7  ^  to  6  ^)»  Tnere  is,  moreover,  a  persistent 
tlteration  in  the  wJamt^  colon  Hit  ft  p<iwet\  and  consiiffrnj^f  of  the  corpuscles,  consequently  a  want 
of  accord  Ijctween  the  iiwwVr  of  the  corpuscles  and  their  colonnng  power,  ^<\,  the  amount  ol 
haemoglobin  which  they  contain.  In  pemiciona  amemia,  in  which  the  continued  decre-ase  in 
the  i*ed  corpuscles  may  ultimately  produce  death,  there  ia  undoubtedjy  a  severe  affection  of 
the  blood-forming  a[>paratus.  The  inqius^Ies  assume  muny  uhmtnna!  nuil  bizarre  forms,  often 
being  oval  or  tailed,  irrcgtikrly  sha|>cd»  and  sometimes  very  jiale;  while  numerous  cells  contain- 
ing blood -corp  use  lea  are  found  in  the  man'ow  of  bone*  In  tbi.s  disease,  although  the  red  blood  *c  or- 
paaclesai-c  diminish**d  in  number,  botuo  may  be  larger  and  contiun  more  haemoglobin  than  nornaal 
corpuscles.  The  number  of  colouretl  coquiKcles  is  also  diminishetl  in  chronic  poisoning  by 
leaa  ormiasmatat  and  also  by  the  poison  of  hynhilis.l 

{%)  The  size  of  the  corpuscles  varies  in  duease  from  2  "9-1 2 '9  p.  (mean  6-8  ^) ;  **  dwarf 
corpnaclea'  or  microcytea  (6  /*  and  less)  ai-e  regarded  as  yonni,'  fonns,  and  occur  plentifully  in 
nearly  all  cases  of  amenda,  **fJiant  blood -cornu«cl*?s  "  or'maerocytes  {10  /i  and  more)  are  con- 
stant in  pernicious  amemia,  and  sona'times  in  leukw^'mia,  chlortfsis,  and  liver  ciixhosis  {Oram), 
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(3)  Abnonnal  fonua  of  the  ml  cornuseles  liavo  hK^ii  observed  aftet'  sisv^rc  bunu  {lesser)  ;  the 
coq>iisclea  are  much  smaller,  and  uiiuer  tht?  itiflueiife  of  the  heat  particles  seem  to  be  detuclied 
froiri  tliuiji,  jiiat  a^  can  be  seen  hiippening  under  the  microscope  as  the  effect  of  heat  (p.  7).  DMn- 
te^ration  oi  the  corpuscles  into  tine  drojjltita  has  been  observed  in  various  diseases,  os  in  severe 
makrial  feveiJ^.  The  dark  granulea  of  a  pigment  closely  related  to  bieniatin  are  derived  from  the 
grauuk'it  arisiiix  frofu  the  disiDte^Tition  of  the  blood-corpnsclea,  and  theao  particles  tloat  in  the 
blood  (melanieima).  This  condition  can  be  pi*odnced  artificially  by  injecting  bisiilpliide  of 
carbon  (7  to  10  of  oil)  subcutaneoudy  into  mbbits  {Schivalhe),  They  arc  partly  absorbed  by  the 
colourlei^a  eorpusclea,  bnt  they  are  also  (leposited  in  the  fi|deen,  liver,  brain,  and  bone -marrow. 

(4J  Sonietiniea  the  red  eorpn-«ick\<^  are  abnorniolly  soft,  and  readily  yield  to  preasnre, 

Faruitea  of  blood-corpiMcles— Within  the  red  blood- corpUiM^les  of  birds,  fii«he«r  and  tortoines, 
parasites  are  occiisionally  dcvcdoi>ed  in  the  form  of  round  *' paendo-vacooles**  from  which  free 
paraaitea  are  HubseqiLiently  dischari^ed  {/M/pi/rfr^7/).  In  malarial  conditions  in  man,  jtrotozoon- 
like  oi^nismt  have  beeji  seen  within  the  red  corpuscles,  the  plaamodiiim  maJarifB  {Mar* 
ehmfava). 

The  white  corptmcles  are  cuormoussly  iucreasnd  in  number    in  leukiemia  {J.    H.    HatneU^ 
Vinhvic),     In  i>onie  cases  the  blood  looka  as  if  it  H"ei*e  mixed  with  milk.     The  colonrless  cor- 
puscles seemed  to  be  formed  chietly  in  hone-marrow 
[E.    N^cumann)t    and    nho    in     the    spleen    and 
lymphatic     glanda     (myelogenic,     splenic,     and 
lymphatic  lenkiemiu), 

11.  CHEMICAL  CONSTITUENTS  OF 
TEE    BED    BLOOD-CORPUSCLES— (I) 

The  colouring  matter  or  hcBmoglobiE  (Hb) 
is  tho  cause  of  the  rt^il  colour  uf  lduinl;  it 
til8t>  occurs  ill  muscle  iind  in  traces  in  tlit^ 
fluid  part  of  blcuxl^  1>ut  in  tlie  Itunt  case  only 
as  the  rc'.^ult  of  the  solution  of  some  red 
corpusclca.  Tt«  percentage  compoBitian 
iH,  according  tti  Hiifner,  in  the  blood  of  tlie 
pig  (and  ox  in  brackets),  C  54^71  (54^66), 
H  7  38  (7-25),  N  17-43  (17vO),  S  0-47 a 
(0^447),  Fe  0^399  (040),  O  19-602 
( 1 0 %5 4 3) .  Its  rational  d hui u ! a  i «  u nk no w ii , 
but   Preyer   gives    the    enijdrical    formula 

*^tiooi  ^m*  ^iM»  ^^^  ^a^  **i7&-  Althoiigh 
it  18  a  colloid  subsUiucf^  it  eryfitaUifies 
in  all  clusses  of  vertebrates,  accordiii^ 
to  the  rhouihic  aystenij  and  ehietly  in 
rboiuhic  plntcii  or  ju'lHrnH  ;  in  the  guinea-iag 
ill  rhoniT^ic  tetndiedra  ;  in  the  sipurrcL  bow- 
rver,  it  yieM8  hexagonal  [dates.  The  vary- 
ing  ftU'UiH,  perhaps,  eorn^Niiond  to  sHglit 
differencei?  tn  the  cheniical  coiniHi,sitioii  in 
ditlereut  ca^es.  Crystid 8  separate  from  the 
bl(Hwt  of  all  classes  of  vertebratii  during 
the  Blow  evaporation  of  lake-coloured  Idood, 
but  with  varying  f^icility  (tig,  1 9), 

[The  following  analysiia  shows  the  €om[>osition  of  the  hiemoglohtn  of  the  horse  and  dog,  so 
that  they  do  not  seem  to  be  quite  identical  in  com]>oaitioiL] 

UaeinoKlobln  of  llmrw.  HjemrtKlobln  of  Dog. 

C   51-15  53-91 

H    6  76  6-62 

N  17 '94  35-08 

S     O^aSO  0*542 

Fe   0'33.'i  0-333 

O    2^42  (Zimfskifl  21'^2  (Jaqud).] 

Th<*  colouring  matter  cryHt-alUsea  with  gient  difficulty  froni  the  blood  of  tho  calf^  pig,  nigeon, 
and  frog ;  with  difhenlty  from  that  of  man,  monkey » rabbit,  and  sheep;  readily  from  thrit  of  tne  dog, 


Haemoglobin 
hnman  ;  <•,  cat ; 
ster ;  /,  squirrel 


rf,  gninea'pig ;  e,  ham- 
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cat,  mouse,  and  horse;  nuJ  very  readily  rroim  that  of  the  rat  and  guinea-pig  {Prttjfr),  [Copernaii 
finds  that  colotired  crystwls  can  bu  ohtaiiied  from  the  blocwl  of  the  frng.  Move  rarely  a  crystal 
is  formed  from  ii  ainglo  eorpiiJ^cle  euclosio^  t]ie  stroma.  Crystals  have  been  found  nenr  the 
uucleua  of  th<>  large  corpuseles  of  holies,  ami  hi  this  tlasa  of  vertebi-ates  colonrleJs<s  cryfltals  have 
been  observed.  Crystals  of  lni?inoglohin  are  readily  found  in  t!ie  prepared  blooti  of  the 
salftinaiidi-r.] 

BiclLroism. — Hieinoglohiu  crysuls  are  doubly  refractive  aiul  pleo-ehromatic; 
they  ;ire  blui.^h-red  witli  trausiiiitted  light,  tii-arlet-red  by  itdk^cted  litrht.  They 
coiitiun  frtjiii  3  to  9  \k'Y  vfrnt  water  of  cry.st(xilis;itioii,  ami  arc  R<dubh"  in  water, 
hut  more  so  in  dilute  alkalies.  They  are  insolulile  in  ak«»hol,  ether,  chloroform, 
and  fat9.  The  solutions  are  dtchroic;  red  m  reflected  liglit,  and  gi-een  iti  trans* 
mitted  light.  In  contact  with  protoplaBinie  cellfl,  #^.r/.  ieu<'0€yte8,  hiemoglohin  is 
destroyed  in  five  days  and  regenerated  again  after  twelve  days  {Schwa rf::). 

In  the  o/ct  of  crystal liaat ion  tlin  ha^mogloliin  seems  t45  undergo  some  iiiternal  change.  Before 
it  crystallises  it  does  not  ditfnst*  like  a  true  colloid,  and  it  also  mpidly  dt^comiMW^s  hydric 
peroiide.  If  it  be  redissolved  after  crystallisation,  it  dipfuses,  although  oaly  to  a  Kmall  extent, 
but  it  no.  longer  decompose^i  bytliic  peroxide,  and  is  decoloifsed  by  it.  [The  presence  of  O 
favours  crystmliaatioo.  ] 

12.  PEEPAEATlONOFHiEHOOLOBm  CEXSTALS.— Method  of  HoUett.^Put  defibrirmtod 
blootf  ill  m  plitiiumi  capsule  placed  on  a  freezing  mixture,  freeze  the  Idood,  and  then  thaw  it  ; 
pour  t lie  lake-coloured  blood  into  a  plate  until  it  forma  a  sti-atam  not  more  than  1^  mra.  in 
thickucss  and  allow  it  to  evajvorate  slowly  in  a  cool  place,  when  crystals  v^ill  si*parate. 

Method  of  Hoppe*Seyler — Mix  detibriuatcd  blood  with  10  volnmcj*  of  a  20  per  cent  suit 
solution,  and  allow  it  to  stand  for  two  days,  Ihmove  the  tlcar  upper  Ihiid  with  a  pipette, 
wa§h  the  thick  deposit  of  blood-cornuscle^  with  water^  ami  aflerwaida  shake  it  for  a  long  tiaio 
with  an  equal  volume  of  ether,  which  diJisolve^  the  blood -corpuscles.  Remove  the  Lther,  tiller 
the  lake-coloured  blood,  add  to  it  |  of  its  volume  of  cold  alcohol  (0'"),  and  allow  the  mixture  to 
stand  in  the  cobi  for  several  days.  The  numerous  crystals  can  bo  collected  oa  a  lilter  and  pressed 
between  folds  of  blotting- paper. 

Method  of  Gacheidlen,  — Take  defibrinated  blood,  which  has  been  exposed  for  twenly-four 
hours  to  the  air,  and  keep  it  in  a  closed  tube  of  narrow  calibre  for  Kcveral  days  at  37*'  C.  When 
the  blood  in  t^preiid  on  glai^H^  the  crystals  form  rapidly.     [Vaccine  tubes  answer  very  wulL] 

[Hethodl  of  Stijling  i^nd  Baito, — It  is  in  many  caseii  siiHieient  to  mix  a  drop  of  blood  with  n 
few  drops  of  water  on  a  glass  slide,  and  to  stal  up  the  preffamtioi}.  After  a  few  days  beautiful 
crystals  are  developeth  The  addition  of  water  to  the  rdood  of  some  animals,  autdi  aa  the  rat 
«nd  the  guinea-i^ig,  is  rapidly  followed  by  the  formation  of  erj^stals  of  hremoglobin.  Very 
lorge  crystals  of  reduced  bieraoglobin  uuiy  be  obtiuned  from  the  stomach  of  the  leech  several 
d*ya  after  it  has  suckeil  Idood,] 

[Orystftls  of  Reduced  Hiemoglobia  may  be  obtained  from  human  blood  ;  (1)  by  the  addition 
to  blood  of  decomposed  serum,  or  of  jMiricardial  fluid  j  (2)  treatment  with  bile,  esi»e«ially  the 
htle  of  a  C4it ;  (3)  agitation  with  etlier  ;  (4)  semi*  digest  ion  in  the  stomach  of  the  leecn  iSiirh'jtgf 
Boitd,  C&pemnn).  They  may  also  be  ohtaioed  as  reddish- violet  coloured  prisms,  but  green  in 
transmitted  Uglit  if  they  are  thin»  by  sealing  np  some  putrefyiug  HbO^  in  a  tube  in  an 
atmosphere  of  liydrogen  {X'uckt  and  Skher).] 

13.  QUANTITATIVE  ESTIMATION  OF  H^MOGLOBm,-  (tt)  From  the  Amount  of  Iron.— 
As  dry  (100''  C)  hit'moglobiu  contJiius  0*42  per  cent,  of  iron,  the  amount  of  htemoglobiu  may 
be  calculated  from  the  amount  of  iron.     If  at  represents  the  percentage  amount  of  metallic  iron, 

then  the  p-ercentage  of  huemoglobiu  in  blood  is   —  ^ .     The  procedure  is  the  following: — 

0'42 
Ciilcine  a  weighed  rpiantity  of  blood,  and  e.xhaust  the  ash  with  HCl  to  obtain  ferric  chloride, 
which   is  transformed  Into  ferrous  chloride.      The   solution   is   then   titrated   with  potsfiBic 
f>ernifluganate. 

{h)  Colorlmetric  Method. — Prepare  a  dilute  watery  solution  of  hipmoglobin  crystals  of  a 
known  strength.  With  this  rorupare  an  aqueous  diluti<in  of  the  blood  to  be  investigated,  by 
adding  water  to  it  until  the  colour  of  the  teat  solution  is  obtained.  Of  courso,  the  i«olutionif 
mtut  he  compared  in  vessels  with  |]arallel  aides  and  of  exactly  the  same  width,  so  as  to  give  the 
tame  thickness  of  fluid  {Hopp^'Seiffrr\  [In  the  vessd  with  parallel  sides,  or  liaBmatinometer, 
the  aides  are  exactlv  1  centimetre  aj^art.  Instead  of  using  a  standard  solution  of  oxybttmo- 
globin,  a  solution  of  piero-carminate  of  ammonia  may  be  used  {JiojeM'shft  Mttlnsiff'z).] 

(c)  By  the  Speotroecope.  —  Preyer  found  that  a  0'8  per  cent,  watery  solution  (1  cm.  thick), 
allowed  the  re<l,  the  yellow,  and  tlie  first  strip  of  green  to  b*j  seen  (fig.  25,  1).  Take  the  blood 
to  be  investigateil  (about  0'6  ccni.},  and  dilute  it  with  water  until  il  shows  exactly  the  same 
opticiil  etlects  iu  the  vpectroeeope.     If  A  is  the  |»erccntage  of  Hb  which  allows  green  to  pasa 
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■  through  (0'8  per  cent.),  *,  the  volume  of  blood  mTestigatad  (nbotit  0'&  c.cru.)*  «'»  tlie  neceasar? 

H  amount  of  water  added  to  dilute  it,  then  jc^^the  |>er€entage  of  Hb  in  the  blood  to  he  inve^ti* 

»^  gated— 

r 


It  in  VQTj  coiiveiii<?nt  to  ndd  a  drop  of  caustic  potaah  to  blood  and  then  to  saturate  it  with 


00. 


[{d)  The  HiBmoglobinouieter  of  Gowers  is  used  for  the  clitiical  ejitiumtlon  of  hipmoglobin 
(lig.  20),  *'ThL'  tint  i>f  the  dihitiou  of  a  given  \'olume  of  blood  wilh  dbtilled  water  is  taken 
aa   tlie  index  of  the  amount  of 


■  blood  Si 

I  white  n 

Ik 


h le m oglo bi  n .  Th e  d ist 1 1  Ind  w n to r 
rapid Sy  dissolves  out  all  the  ha*- 
moglohin,  ais  is  shown  by  the  fact 
that  the  tint  of  the  dilnlion 
nndergoes  no  change  on  stnuding. 
The  colon r  of  n  dilution  of  average 
normal  blood  (one  huuilrcd  tixuea). 
is  taken  as  the  standard.  The 
quantity  of  ha'nioglobin  is  indi- 
cated by  the  anionnt  of  distilled 
water  needed  to  obtain  the  tint 
with  the  aanie  vohmie  of  blood 
under  exann nation  m  wau  taken 
of  the  standard.  On  account  of 
the  instability  of  a  star, da rd  dilu- 
tiou  of  blo^Kl^  tinted  glyet'rine- 
jelly  is  emplnytHl  inMead.  This 
is  [>erfi'ctly  stable,  and  by  means 
of  carmine  nm]  jiicra-'^arniiiie  the 
exact  tint  of  diluted  blood  can  be 
obtained.  The  apt>aratus  consists 
of  two  glass  tubes  of  exactly  the 

iamo  flixe.     Onf   contains  (J))  a  |r[g^  20. 

standard  of  the  lint  of  a  dibiti.m    ,-,  ,*  ...  ,        \       -      .    i    .  i    *      i-  ..n   a 

of20cnbicn.nLofbloo.i,iu2aibic  ^"^^'*;'^^  b^-moglobinonieter  A  pipette  bottle  for  chstiUed 
centimetresofwater(l  in  100).  The  ^''^\^' ;  ^\  ^'^P^l^^^y  pq>ette  ;  L,  gradyated  tube j  D,  tube 
aecond  tube  (C)  ia  graduated  100  "^'^^^  standard  dilution  ;  F,  lancet  for  pnckmg  the  finger, 
degrees  =-2  centimetres  (100  times  20  cubic  millimetres).  The  20  cubic  milliuietres  of  blood 
are  measured  by  a  capillary  pipette  (B).  This  quantity  of  the  blood  to  be  tested  is  ejected 
into  the  bottom  of  the  tube,  a  few  drops  of  distilled  wati-r  being  first  placed  in  the  latter.  The 
njixtare  h  rapidly  ogitated  to  prevent  the  coagulation  of  the  blootf.  The  distilled  water  is 
tVtm  added  drc»p  by  drop  (from  the  pipette  sto|>per  of  a  bottle  (A)  supplied  for  that  purpose), 
liutil  the  tint  of  the  dilution  is  the  same  as  that  of  the  standard,  and  the  amount  of  water 
wKieh  1ms  Ijeen  added  (l^.,  the  degiee  of  dilution)  indicates  the  amount  of  hieiiioglobin." 

**  Since  average  normal  bbod  yields  the  tint  of  the  standard  at  100  degrees  of  dilution,  the 
number  of  dq;recs  of  dilution  necessary  to  oblaiii  the  s;ime  tint  with  a  given  specimen  of  blood 
is  the  percentage  proportion  of  the  hiiemoglobln  contained  in  it^  comj>arod  to  the  normah  For 
instance^  the  20  cubic  millinif-tres  of  blood  from  a  natient  with  ana-mia  gave  the  standard  tint 
of  80  degrees  of  dilution.  Hence  it  contained  only  W  \Mr  cent,  of  the  normal  quantity  of 
Jwenioglobin,  By  ascertainiug  with  the  hfcmacytoineter  the  corpuscular  richness  of  the  blood, 
We  are  able  to  comi^are  the  two,  A  fraction^  of  which  the  numerator  is  the  jKTcentage  of 
Inemoglobin,  and  the  deuominator  the  jKsrcentage  of  coiimscles,  gives  at  once  the  average  value 
yer  corpuscle.  Thu.i  the  bloml  mentioneHl  above  containing  30  per  cent,  of  luemoglobin,  con* 
taiued  60  TK»r  cent,  of  eorpnsclcs  ;  hence  the  average  value  of  each  corpuscle  was  ^  or  ^  of  the 
normal.  Variations  in  the  amount  of  hannoglohin  may  be  recorded  on  the  same  chart  as  tlmt 
employed  for  the  corpuscles.  The  instrument  is  only  expected  to  yield  approximate  results, 
accurate  within  2  or  3  i>er  cent.  It  has,  however,  been  found  of  much  utility  in  clinical  obser- 
vation/'] 

(r)  FleiflchrB  Hiomometer.  —  For  clinical  purpoBea  this  instmnient  (tig.  21)  is  useful.  A 
cvliuder  G,  of  two  conqxirtmcnts  a  and  a'  rests  on  a  metallic  table.  Both  compnrtroentH  are 
filTleil  with  water*  but  in  one  («)  is  placed  a  known  quantity  of  blood  measured  in  a  measuring^ 
tube  of  known  caf>acity.  The  red  colour  of  the  solution  of  hfemoglobin  thus  obtained  is  com- 
pared with  a  red  wedge  of  glass  (K),  which  is  moved  by  means  of  a  wlieel  (U  and  T)  under  the 
other  cum|>artment  {a')  until  the  two  colours  are  identical.  The  illumination  of  the  dilute 
blood  solution  and  the  red  glass  wedge  is  done  from  below  by  lamp  tight  rellectcd  from  the 
white  reflecting  surface  (S).     The  frame  in  which  the  red  glass  wedge  is  ILted  bears  numbers, 
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and  whc«  tlit  aollflifla  iilfntit-al  iji  th*  two  coiiii>arttneDU  a  and  a\  the  percentage  of  luemo- 
globin  *8  CQiTiparcfl  witb  normal  blood  can  be  read  oir  directly.     Suppose  it  to  ba  80  on  the  scale, 

1 1 1  e  n  t  h  e  hjood  pxamin  ed  con  tain  s  80  per 

lent.    of   tlic    hienioglobin    of    nc»rmn! 

blcMxl, 
J  /  [Bizifozero*s       chroniocj'tometer       is 

largi^ly   used    in    lu]y    for    the    «aiti« 

The  amount  of  haemogkibin  in 
j^f^  luau  i^    1377    por   cent,    in    the 

woman  12"59  i>er  cent.,  ihiriiig 
jiregnuney  9  to  12  per  cent 
(Prt^i/er).  Aei  onlin^^  to  Leicliten- 
stern,  HT>  iw  in  great^'iit  iiniomit  in 
tlie  IiIcmkI  of  !i  newly-lH'rn  infant, 
Imt  jifttT  ten  weeks  the  excess 
<lisa|ipear3.  Between  six  months 
and  five  years  it  is  smallest  in 
amount;  it  reaches  its  s<*c<3iid 
highest  niaximtnn  between  twenty- 
iinc  and  fortj'tive,  and  then  sinks 
_  ti'^iiiiL       From     the     t-enth     year 

Fig,  2L  onwards,   the  Idood  of  the  female 

FWischl's  biemomt^ter,  K,  red  coloured  wedge  of  p:l«s8  is  fxioivr  in  HK  The  taking  of 
ittQTedbyR;  Cmji ix in jj  vessel  with  two  coniiiart-  f.^^j  ,.,^^j^^„^  .^  temtxmm^  dec-rea^se 
iMIltsaanda  ;  M»  table  with  holt"  to  n^nd  off  the       f  .,       ,|,  *      ^r      ,.,    ^- 

|>efwnt«g^  of  h««mog1abin  on  the  scale  V;%  to    «  the   Hh  owing  in  the  ddiition 
mote  K  ;  S,  mirror  of  pkster  of  Pnris.  of  the  blooil, 

[In  Anfm>hl,  — The  quantity  of  blood  raries  with  the  animal  investigatwl.     The  foUowing 
Table  by  B^aanis  ^ve*  the  profwrtion  of  hoMuoglobin  per  li»0  grain,  of  blood  : — 


12  S  mr  100. 

Sheep. 

.     112  per  100, 

13*8 

Rabbit, 

8^4 

132 

Fowl,  . 

8*5 

12*3 

Duck. 

s-i       ,J 

PatholOigiottL — A  decrease  is  ohiterrable  dttring  r«coTery  from  ftbrile  conditiouat  and  also 
dimng  phthiflia.  caticer,  ulcer  of  the  stoioach,  cardiac  diaeaae,  chronic  difleaaes,  chloroata, 
Wnkitiiiia,  pernicious  niijemia,  nnd  during  lb«mptd  mercurial  treatment  of  syphilitic  persona, 
Dvriu  hunger  the  Tib  jterms  to  be  mora  naiataiit  than  the  other  constituents  of  the  blood 

IC  THl  SFEGTEQ80QPS.— Aa  the  apeetraoeopo  is  freqnenUy  tiaed  in  the  investigatioii  of 
blood  and  other  xttbetaooes,  a  ahort  description  of  the  instrument  is  given  bere(6g/2iV  It 
MWMiata  c»r— ^1)  a  tuW,  A,  which  has  at  ita  i^ripheral  end  a  alii,  S  (that  can  be  narrowed  or 
wid«tt«dV  At  the  other  end  a  collecting  lens,  C  (called  a  coUimfttorX  is  placed,  90  thai  ita 
foeoa  u  Itt  axact  line  with  the  slit.  Light  (from  the  aun  or  a  lamp)  potti  through  the  sUt,  and 
tliM  pwa  iMitaUd  tbroagh  C  to— <3)  the  frina,  P,  which  decompoocs  the  parallel  raya  into  a 
oolottnd  apoetnnB,  r,  m.  (3)  An  aatfonooiied  ttlonapo  ia  diraelsd  to  tha  spactrtim  r,  e*  ond 
dio  olwuiii,  B^  with  tiM  aid  of  tha  teJaaeope,  aeea  the  apeetnim  naffoified  from  six  to  eight 
twoi.  (4)  A  third  tube,  D,  contains  a  ddieale  naJo,  H ,  on  glass*  whooe  iniagiv  when  illumi- 
aoiadt  ia  tifleeted  from  the  prism  to  the  eye  of  tha  obaerrer,  ao  that  he  see*  the  speetrum^  and 
«Vfr  or  abo^  it  the  aeale.  To  keep  ont  other  raya  of  light  the  inner  ends  of  the  thrre  tubes  are 
corevod  br  nsetal  or  by  a  black  doth  (sea  alio  %  865V 

|The  TO»o  ipoctroocopo,  e,^,  as  made  by  Owning  or  Zeias,  may  be  oaed  when  »mall  qoan- 
litiea  of  a  aahttion  are  to  be  rxamioed.  Sfarr  apaetrnoope  ought  to  gire  two  speetra,  ao  thftt 
tho  podtfen  of  auT  abaorptaoo*ha»d  may  ba  oafiBitaly  aaoeitidiMd,  The  soeetmsecm  ia  itied 
lite  Hw  oealar  end  of  the  tabs  of  a  mieroaoopa  inalnad  of  tha  ey^pioeo.  Snail  oaua  for  eoa- 
taiMBg  tfw  iaid  to  be  ezamiMd  are  mode  Inoi  ahort  pieoea  of  botoitteler-tabeo  coBwnled  to  a 
plate  of  glass.  1 


L  &kwetra.--If  a  ctdoatvd  me^liam  (f.f..  a  solution  of  blood)  be  placed  bttweeji  the 
ftlit  aad  a  aottree  of  li^t,  all  the  ray^  of  coloored  light  do  not  paaa  thfoogh  it--« 
abmbad ;  mmmj  yvUow  nys  are  absoibed  by  ldoo«l,  hence  that  jmrt  of  the  ipeetnim 
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dark  to  the  observer.  On  account  of  this  absorption,  such  a  spectrum  is  called  an  **ab8orpti<m 
spectrum.'* 

Plame  Spectra. — If  mineral  substances  be  burned  on  a  platinum- wire  in  a  nm-luminous 
flame  or  Bunsen's  burner  in  front  of  the  slit,  the  elements  present  in  the  mineral  or  ash  give 
a  special  coloured  band  or  bands,  which  have  a  definite  position.  Sodium  gives  a  yellow, 
potassium  a  red  and  violet  line.  These  substances  are  found  on  burning  the  ashes  of  almost  all 
orffans. 

If  Bunlight  be  allowed  to  fall  upon  the  slit,  the  spectrum  shows  a  large  number  of  lines 
{Fraunhofer'B  lines)  which  occupy  definite  positions  in  the  coloured  spectrum.  These  lines  are 
indicated  by  the  letters  A,  B,  C,  D,  &c.,  a,  ft,  c,  &c.  (fig.  23). 


Fig.  22. 


Scheme  of  a  spectroscope  for  observing  the  spectrum  of  blood.  A,  tube ;  S,  slit ;  w,  m, 
layer  of  blood  with  flame  in  front  of  it ;  P,  prism  ;  M,  scale  ;  B,  eye  of  observer  looking 
through  a  telescope  ;  /,  r',  spectrum. 

16.  COMPOXnrSS  of  HB  with  O;  0Z7HJEM0GL0BIK  AND  METBUE- 
MOOLOBIK. — 1.  OxyhflDlliOglobm  (HbOg)  behaves  as  a  we^ik  acid,  and  occurs  to 
the  extent  of  86*78  to  94*30  per  cent,  in  dry  human  red  corpuscles  (Jiidell).  It  is 
formed  very  readily  whenever  Hb  comes  into  contact  with  O  or  atmospheric  air. 
According  to  Bohr,  1  gramme  Hb  imites  with  1  -56  cubic  centimetre  of  0  at  0"  and 
760  mm,  Hg  pressure,  the  imion  being  stronger  in  weak  than  in  concentrated 
solutions.  Oxyhaemoglobin  is  a  very  loose  chemical  compound,  and  is  slightly 
less  soluble  than  Hb;  its  spectrnm  shows  in  the  yeVow  and  the  green  two  dark 
absorption-bands,  whose  length  and  breadth  in  a  0*18  per  cent  solution  are  given 
in  fig.  23  (2).  It  occurs  in  the  blood-corpuscles  circulating  in  arteries  and 
capillaries,  as  can  be  shown  by  the  spectroscopic  examination  of  the  ear  of  a  rabbit, 
of  the  prepuce,  and  the  web  of  the  fingers  (  Vierordt), 

[Spectrnm  of  OxyhsBmoglobin. — In  the  spectnim  of  a  dilute  solution  of  haamo- 
globin  crystals  or  arterial  blood,  part  of  the  red  and  violet  rays  are  absorbed, 
but  two  well-marked  absorption-bands  exist  between  D  and  £.  The  line  nearest 
D,  i.e.,  next  the  red  end  of  the  spectnim,  sometimes  designated  by  the  letter  (a) 
is  narrow,  sharply  defined,  and  black  at  its  centre,  and  its  position  corresponds  to 
the  wave-length  579.  The  other  absorption-band  near  E,  conveniently  designated 
by  (P)y  is  broader,  not  so  dark,  and  its  edges  are  less  sharply  defined.  Its  centre 
corresponds  to  the  wave-length  553*8.  In  very  dilute  solutions  the  a  band  is  the 
only  one  visible.  In  a  strong  solution,  as  shown  in  fig.  23,  the  two  bands  fuse, 
but  are  again  made  visible  as  two  on  dilution  of  the  blood.] 
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[The  sptK-tnmi  nccossttrily  varit^s  with  IIk'  <  (uit^eiitnition  of  tln'  solution.  Fig.  24 
shows  how  th«*  al>8«n'ptii"n-bim<l8  incr^nise  with  incrtuus*?  iii  tlm^  stniij^^h  of  the 
sohitioih  Witli  a  1  jht  t't^iit.  solution  all  the  siwctmiii  disappears,  with  the 
exception  of  tlie  extreiiK^  reil,  ami  as  the  ililutioii  tNnitinuea  we  see  sueees^iively  the 
orange,  gieen,  yellow,  blue,  indigo,  and  violet.  With  G'*  |n^r  eeut.  of  lUAJ.,  there 
is  only  one  n1xsoq»tion-l)aiid.l 

EeductioE  of  OxyhsBmoglobm.— It  gives  up  it**  O  very  roa^lily,  however,  even 

KcU.    oran^ic.  Ytllyw,  Gi-ccii.  Cyan  blue 


Oxy- 

liHrniogUiMn 

0»  7. 


ino^li^ibfn. 
!H»^rnjitin  in 

So ki I  inn. 


HADiiiiln  In 

an  Alknlino 

Solmirm, 


IfiPintv 

chiTunoiren 

In  Alkfllinf 

Solutitiii. 

UivmaUn. 


FiTTTTrrnT 
50  bo  70  so  qo 

E 
Fig.  23. 
Spectri  of  hiernoglobin  aad  its  coTti|iouridif, 
when  means  which  set  free  aheorhed  gsiae^?  are  iis«hL  It  is  reduced  (I)  hy  the 
removal  of  the  gases  hy  the  air-pump^  (2)  hy  the  cnwhtction  thtfiuj^h  its  sohitiou 
of  othrr  ganeif  (CO),  and  (3)^  hy  hrafimf  to  the  h<nliug-[)oint.  In  the  eiretdating 
hlooil  its  < )  iH  very  rapidly  given  up  to  the  tissiie.H,  so  tliat  in  suHVm  ated  animals 
only  Vf'dnt^td  ha'moffMmi  is  foinul  in  the  iirt^^ries^  Sotir'  eonstituents  of  the  serum 
and  sugiir  rpninvr  its  n, 

Spectmiii  of  reduced  HseniaglobiD,— Hy  adiling  to  a  aidution  of  oxylnemogbbin 
reducing  tubatancea — fv/,,  animoniuni  sulphiile,  iron  hiings,  or  St^ikess  tinid 
[tartaric  acid,  iron  prnt*>r<ylphiite,  ,'Uid  exeess  nf  anntinniu] — the  two  aUsorption- 
bands  of  th<'  spi'ctrum  distippear,  and  reduced  haemoglobin  (ga»  free),  with  one 
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abfiCrption-baJldr  is  fcniut^il.  The  i-olom-  chiuiges  from  a  lu'ight  ivtl  t-i)  a  puq^lish 
i>r  elnrt't  tint.  Tlie  two  liands  are  rei>rodurtMl  Ijy  sliakiji*^  the  rr tlu^ed  liapiimgloliin 
with  air,  vvheriliy  HVrO^,  is  again  foriiiiitL  Snhitionis  \A  tixylifeniij^lohin  nre  rottilil) 
ilistinj^uislioil  hy  their  scarlet  L"i>lt>ui' fr<»in  the  |nirplish  tint  of  redueed  Int^jnogloltin. 
[The  vsingle  fih?^orption-hnml  {fig.  23,  4),  denigniiU^il  hy  the  hotter  (y),  lying  alxinit 
midway  between  the  |H\sition  <«f  the  two  pn'vions  hands,  is  l>roa<h;r,  faintt;r,  letss 


Fig.  '24^  grafiliic  repi-eflentatioTi  of  tlie  spectiLiin  of  HbO.j,  Fig.  2i),  llie  Mine  of  Hb,  showing  tho 
amount  of  absorption  with  varying  iitreiiytliH  of  Invmo^lobirij  the  thickness  of  the  fluid 
remaining  the  same.     The  numbers  indicate  the  perct^ntnge  of  colouring  matter. 

deeply  slmded,  and  its  eentre  is  abont,  but  not  qnite,  inU' lined iat4-'  between  1)  and 
E.  It  extendi^  Iwtween  the  wave-lengtiiH  51>5  ninl  5:^8,  and  is  blackest  opjiosite  the 
wavedength  550^  so  that  it  lies  near<^r  I)  than  E.  At  the  same  time  more  i*f  the 
blue  rays  are  transmitted.  On  dilution  tlu*  Inind  is  not  resolved  into  two,  but 
simply  lit^eomes  fainter  and  disappears.] 

[Affording  to  Ht'rmonn,  the  abHOiptiunliaml  of  Hb  is  not  a  single  baiul,  tliere  being  in 
addition  a  very  narrow  bind  tovi^-nrda  tlie  rcii  end  of  tlie  s[»eetrum,  bat  sepnrate  from  the  cliief 
abnorptiiai'band  by  ;i  verj'  small  inturvah] 

[Ibetnogbdiin  1ms  eertain  ivrnarkahlc  rharaeters  :— (1)  Althongh  it  is  a  erystitlloid 
body  it  iliffuseis  with  ihllirnlty  through  an  animal  nu-inbrane,  owing  \k^  the  laigi' 
size  of  it^s  moh'unle.  (2)  It  readily  combines  with  ()  to  f<»rin  an  nnstable  and  hmse 
ehemifal  romponnd,  oxylia?nioglobiiL  (3)  This  O  it  give.s  iij>  readily  to  the  tissues 
or  other  deoxidising  reagents.  (4)  Its  nunjiosition  is  very  complex,  for,  in  ailditiou 
to  the  ordinary  elements  prt*sent  in  proteids,  it  contaiiia  a  remarkable  amount  of 
iron  (0  4  per  cent).] 

If  a  string  be  tied  ronnd  the  hase  of  two  finders  so  as  to  interrupt  the  circulation,  spectro- 
scopic  examination  shows  that  the  oxyUiemoglobiii  rapidly  |>asBes  into  reduced  Hb  ( Vlerutdi), 
Cold  delays  tbia  reduction  ;  it  is  accelerated  in  youtli,  during  muscular  activity,  or  by  suppressed 
TespirnlioD,  and  UMially  nko  during  fever. 

The  speetroHcopic  exandiiation  of  small  blood-staina  is  often  of  tbe  utmost  forensic  imix)rt' 
ance.  A  minimal  dro^i  in  mifficitnt*  Dissolve  the  stain  in  a  few  dropa  of  distilled  water,  and 
phice  tbt*  sol ur ion  in  a  tbia  glass  tabe  in  front  of  the  slit  of  tbe  sjsectrosi^ope, 

Piira-hienioglobiii. — If  HIjO^  bo  preserved  under  alcohol  it  passes  into  a  modified  form, 
which  is  insoiublf  in  water  {Xfuckt  nud  Sitter). 

2.  MetEaemOglobin  is  a  more  stable,  crystalline  com|Kmnd  (Hofq>e-SftjIer).  1 1 
contains  tln^  same  amount  of  O  as  Hl^X,  but  in  a  ilillerent  <  hrniietd  nninn,  while 
the  O  is  also  mnre  firmly  united  with  it.  It  shows  four  absorption  bands  Hke 
hfpmatin  in  acid  s<:dutiim  (fig.  2-1,  5),  of  wliieh  that  1  between  C  and  T>  is  tlislinet  ; 
the  second  is  very  indistinct,  while  the  third  ami  fourth  readily  fuse,  s<j  that  tliese 
last  two  bands  are  only  well  seen  with  gcwKl  apparatus. 

It  18  prodacvd  gpontancously  ia  old  brown  blooil- stains,  in  tbo  crusts  of  bloiKly  wounds,  in 
cjattf  with  sanguinolent  contents,  and  in  blooily  urine.     Cbemicidly,  it  can  be  pre|>nrcd  from 
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a  aolutiou  of  lib  by  tli«  action  of  potassic  ferricynnide  (Jixderholm)  or  potassic  chlorate 
{Mart:A€ind)t  [or  by  ftdding  to  a  solution  of  Hb  a  freshly 'prepared  solntion  of  potossic  wrmangit- 
nato,  by  nitro- benzol,  azobeozol,  kairiii,  sotlinm  nitnte,  pyrogalHc  auui]  ;  anJ  in  ncn-lalcy  blood 
by  alloxan  tin  {Kouvtincskif).  It  crysUllittes  if  dL^fibdnated  blood  is  shaken  with  atuyl  nitrite 
and  the  lofthofraiiy-brown  laky  fluid  be  allowed  to  evnjMjmte  alowly  (Hailiburlon). 

If  a  trace  of  ainnionia  be  added  to  a  ftohitiou  of  nietlucmoglobin,  it  gives  uii  tdkulitio  s^ilutioo 
of  mothteraoglobio,  which  ahowa  two  bands  like  oxyhannoglobinj  of  which  tlie  iirst  one  ia  the 
broader,  and  extends  more  towards  the  led.  If  ammonium  sulphitk  be  added  to  the  niethnemo- 
globin  solution,  reduted  Hb  ia  formed, 

[Action  of  Nitrites. — Th^-  inlclition  of  aniyl  iiitnle  ilLssolved  in  alcoliol,  or  sodic 
i>r  iH(tas,si('  nitriti^  to  tb^tibviiKiti'd  l)ltioil  i'aui^es  the  latter  to  ussiiine  a  cliocijate 
rnluur,  wliitdj,  on  the  atUlitiou  of  ammonia,  (hangcs  t«>  red.  The  (ihoc< diitp-colunre4 
Hiiiil  Hlitnv.s  onv  wtdl  flelinod  Imml  in  the  nnl,  and  k^^is  distinctly  otlier  three  hands 
liki'  methBeinujLilobin  {Oatntjppy] 

[The  uitiites  tlierefore  form  a  compound  wilh  Ita  oxygen  more  firmly  fixed  than  the  O  iti 
HbO.j,  HO  that  large  doses  of  nitiitea  arrent  the  internal  respiration  and  are  noiaonons.  It  ia, 
however^  alfect^jd  by  the  products  fonned  in  the  Idood  during  asphyxia,  whilii  CO*Hb  la  not, 
the  methnfmoglohin  foniied  by  the  niuiteij  is  refiucvd  by  these  products  to  Hb,  wliich  as  it 
[Misseu  through  the  lnng?i  takes  up  O.] 

16.  CAEBONIC  OXIDE-H^MOGLOBIK,  POISONING  WITH  00.-3.  CO- 

Hffimog'lobia  is  a  nmre  stabh"  chcniii  ill  <  oni|MHind  than  tliv  foregning,  and  Ls  |iro- 
diK-wJ  at  ance  when  nirhonic  oxidr  is  hrunght  into  tn intact  with  jsnre  Hh  or  11  hO^ 
(Cf.  Bernmri^  1857).  It  has  an  inti'iisely  florid  or  rhernhretl  rohair,  is  not  di<!hroic, 
and  it^  spectrum  shows  two  absorption-bandfi,  v<^ry  hke  those  of  HbU^,  bnt  they 
a  If  slightly  closer  togt^ther  and  lit-  nioii-  tcjwards  tlie  violet  (lig.  23,  3).  Reducing 
snh.Htiinci's  wliicli  act  upon  Hhi_)^<".f/.,ainmoninui  stdjdiide  or  Stokes's  fluid,  do  not 
afl'oi't  these  hands,  Le.^  they  ainnot  convert  the  CO-Hl)  intt»  retUiced  HI*.  If  n  10 
lier  cent,  srdntion  of  caustic  soda  he  arlded  to  a  srdution  of  CO-Hb,  ami  heated,  it 
gives  a  vimiahftr-reff  colour;  wliile,  with  an  HhO.,  stilutit»n,  it  gives  a  dark  bi^jwn, 
greenish,  greasy  inascS.  Spectnnn  analysis  and  the  sada  tat  enable  one  to 
distinguish  ^\^  HhCU,  mixed  with  ^\  HhiK,.  Oxidising  substances  [solutions 
of  ]x>tassic  pcrmaziganat*'  (0025  [ler  cent),  ]K>t-as8ie  ehlonite  (5  per  cent.),  and 
dilute  chlorine  solntion]  make  solutions  of  Clhllh  cherry-red  in  C(donr,  whUe  they 
turn  solutions  of  HhO.^  pale  yellow.  iVfter  this  treatment  both  solntiuns  sh<»w 
the  a  Itsorpt  ion-ban  "Is  <»f  methfemijglnhin,  Imt  tliose  of  tlie  CO-Hl»  i^ppear  t^onsitler- 
alily  lat'cr.     If  aiumonium  sulphiile  lie  added,  HhO^  and  CO-llh  are  re-formed. 

Hb'GO  ReactiouB. — Modijifd  AWnTf*/,— Dilute  the  blood  20  times  anil  add  an  oqnal  volume  of 
caustic  soda(S.  G.  1340)  {Salkairski).  I  Dilute  1  c.cm.  HbCO  with  50  c.cm.  of  water,  to  10  c.cm, 
of  thia  mixture  add  0"2  ccai.  orange-coloured  ammonium  sulphide  (2  grnis.  of  snlphnr  oj-e  added 
to  100  c.cm.  yellow  ammonium  anluhide),  nnd  then  0*2  c.em.  of  30  per  rent,  acetic  acid.  The 
HliCO  blood  liecomcH  bri;;ht  reil,  vvhile  normal  blood  b?coniea  green ish -gray  {Katayama).\ 

On  account  of  its  atability,  CO-Hb  reshsts  external  inflnencea  and  even  pntrefnction  for  a  long 
timt*,  and  the  two  band*  of  the  aiwctrum  may  be  visible  after  many  months.  Landois  obtained 
the  soda  test  nud  sjiectroscopic  bands  in  the  blood  of  a  woman  misoned  eighteen  months  pre- 
viouisly  by  CO,  and  after  great  putrefaction  of  the  body  had  taken  place.  [Stirling  has  kept 
CO-Hb  in  a  atopperod  bottle  for  five  years  without  putrefaction  taking  place.] 

If  CO  or  air  n>ntiuning  it  he  inspiired,  it  gi'adually  displaces  the  O,  %xdmue  for 
vcdume,  out  t^f  tlif  rcil  blooil-corpuseles,  and  death  s<xm  occurs;  1000  c.cm.  insinred 
at  once  will  kill  a  man.  A  very  small  i|uantity  in  the  air  (xwj5~  i^a^^)  s^^ttice^,  in 
a  iMdatively  Hh^rt  time,  to  fonn  a  large  cjuantity  of  CO-Hb.  As  continued  contact 
with  i'tber  gases  (such  nf>  the  parsing  of  O  tl) rough  it  for  a  very  long  time) 
gi-Uflually  separates  the  CO  from  the  HIj,  with  the  formation  of  UbO.,,  it  bai^jwus 
that,  in  very  ptartial  poisoning  with  CO,  the  hlo<td  gratlualiy  gets  riil  of  the  CO  by 
the  respiratcuT  organs.  It  lioes  uid  api>ear  that  any  part  is  further  oxidiseij  into 
COj,  in  the  organism.  [COdiiemoglobin,  being  a  stable  com p* mud  when  once 
fonned,  circulatt's  in  the  bloothvessels ;  hut  it  neither  gives  up  oxygen  to  the 
tiss\ies,  nor  tfikes  up  oxygen  in  the  hmgi^,  hence  it©  veiy  poisonous  properties. 
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Thn  re^il  cause  of  ik-ath  in  animal  a  poisoned  with  it  la,  that  the  internal  respiration 
is  am-steil] 

PoiHomng  with  Carbonic  Oxide. — ^Carljonic  rixitjt*  is  forintHl  during  the  iiieotnpk'tGc'ombUHtioii 
of  coal  or  cokp,  and  |ia?weH  into  the  air  of  th^  room,  firovided  tliere  is  not  a  free  outlet  for  tbo 
iiraducta  of  combustion,  it  occurs  to  the  extent  of  12-28  {>er  cent,  in  ordinary  gan,  whinh 
largely  owea  its  poison oit a  propertie«  to  the  presence  of  CO,  If  thfi  O  be  gradually  displaced 
I  from  the  blood  by  the  respiration  of  air  cont^iining  CO,  life  can  only  ho  mnintaiucd  as  long  as 
sufficient  0  can  be  obtained  from  the  blood  to  8up|x>rt  the  oxidations  necessary  for  life.  Death 
occurs  before  all  the  Q  i^  diaplacyd  from  the  blood.  CO  has  no  ellect  when  directly  aj^plied  to 
omscle  and  ncrvf.  When  it  is  mixed  witli  air,  as  in  coal-gaa  poiBOning,  and  inhaled,  there  is 
hrst  atiinuhition  and  afterwards  paralysis  of  the  nerv"oii?>  »yst(int  as  shown  by  the  ayniptoms 
induced,  **.(/.,  violent  headache,  great  restlcssneiis,  excitement,  incrt;aacd  activity  of  the  heart 
and  ruspiration*  salivation,  tremors,  and  spasms.  Later,  unconsciousness,  weakness*  and 
paralysis  occur,  lalioured  respiration,  diminished  heart-beat,  and  lastly,  complete  loss  of 
sensibility,  ct^ssation  of  the  respiration  and  heart-heat,  and  d«ath.  At  hist  the  temperature 
rij&iis  sev^tiral  tenths  of  a  degrtfe,  but  it  soon  fiill«  l"*  or  more.  The  poise  is  also  increased  At 
first,  but  afterwards  it  Ifrecomes  verj^  small  and  frequent.  In  poisoning  with  pure  GO  there  is 
no  dysptiwaj  hut  somotimes  muscular  spnsms  occur,  the  coma  not  being  very  marked.  There 
is  also  tcmi>oniry  hut  pronounced  i»aralysis  of  the  limbs,  followed  fjy  violt^nt  spasms.  After 
death  the  heart  ami  liraiu  are  congested  with  intensely  florid  blood.  In  poisoniug  with  tht* 
vapour  of  dmrcoal,  vvdiere  CO  and  dX  both  occur,  there  is  a  varying  degree  of  coma  ;  pro- 
uounctMl  dysputea,  muscular  ajiaams  wliieh  may  kat  several  minutes,  gradual  ^laralysis  and 
as(ihyxja,  moniliform  contractions  and  subsefjucut  dilatation  of  the  blood-ve'isels,  with 
congestion  of  various  organs,  otcnr,  accompanied  by  a  fall  of  the  blood-pressure  (Kkhs), 
indicating  initial  stimulation  and  Bubsei|UGnt  paralysis  of  tlie  vaao-motor  centre.  This  also 
explains  the  variations  in  the  temperature  and  the  occasional  occuirenct!  of  sugar  in  the  urine 
after  ijoisoning  with  CO.  After  death,  the  hlood-veaaels  are  found  to  be  tilled  with  fluid  blood 
of  an  exquisittdy  bright  cherry-red  colour,  while  all  the  muscles  and  viscera  and  exposHnl  parts 
of  the  hotly  (such  as  the  lips)  have  the  same  colour.  The  brain  is  soft  and  friable;  th^re  is 
catarrh  of  the  respiratory  organs  and  degeneration  of  the  mns?les,  and  great  congestion  and 
degeneration  of  the  liver,  kidneys,  and  spleen.  The  spots  of  livid ity,  past-mojiaut  are  bright 
red.  After  recovery  from  poisoning  with  CO  there  may  be  paraplegia  and  (although  more 
rarely)  disturbances  of  the  cercbrril  activity. 

17.  OTHEE   COMPOUNDS   OF   HEMOGLOBIN— t.   Nitxic   Oiidi-Heemo- 

^lobin    (NO-Hl))   is   frirmed  when  XtJ   is    brcjught   into  contact  with    Hh  {L. 

As  NO  has  a  graat  affinity  for  O,  red  fninea  of  nitiHJgen  peroxide  (NO^)  l>Biug  formed  when- 
ever  the  two  gasea  meet,  it  Ib  clear  that,  in  order  to  prepare  NO-Hb*  the  O  must  first  be 
removed.  This  may  be  done  by  passing  H  through  it,  [or  ammonia  may  be  adiled  to  the  blood, 
and  a  stream  of  NO  passed  through  it ;  the  ammonia  combines  with  all  the  acid  formed  by  the 
union  of  the  NO  witn  the  O  of  the  blood  1,  NU-Hh  is  a  im>re  st^M:  chtmica!  comptntnd  than 
CO-Hh,  which,  as  we  have  seen,  is  again  more  stable  than  HbOj,  It  has  a  hhusk-vioh't  tint, 
and  ftko  gives  two  absorption -bunds  in  the  spectrum  similar  to  those  of  the  other  two  com- 
pounils,  but  not  so  intense.  These  bands  are  not.  abolished  by  thti  action  of  reducing  ^i gents. 
As  NO-Hh  cannot  be  fornifd  in  the  body,  it  has  no  practical  sigiiihcancc. 

The  tiiree  con)|Miin]«lH  i»f  Hb,  with  0,  CO,  ami  NO,  an*  cry&tallme,  like  reduced 

Hb  ;   ihvy  an*  isomorphous,  and  their  .snhitinns  are  not  dicfiroic.     All  three  g<ises 

unite  in  *>qTnd  vidiiims  with    Hli.     If  0  he  eoniiuet*?d   tlmmgh  a  concentrated 

iwdiitinn  of  HI  I  dev«dd  of  gases,  a  crystalline  mass  of  HbO^  is  thereby  reiwiily 

I        fonned. 

I  5.  Cyanogen,  CNH  {Boppe'Seylcr),  and  acetylene,   CaH4  (Brisiow  mui  Lifbreich)^  form 

easily  decomposable  compounds  with  Hb,  The  former  occurs  in  poisoning  with  hydrocyanic 
acid,  and  has  a  spectnim  nearly  identical  with  that  of  HbO.^,  and,  like  HlMX,  it  is  reduced, 
but  very  slowly,  by  special  reagents.  [The  existence  of  these  compounds  is,  however,  highly 
doubtful  {Oarngfc),} 

18.  BECOMPOSmON  OF  HEMOGLOBIN. —In   solution  und    in  th»    dry 

stiit<^  Hli  gradually   l>ee<jnips   (lcri>nii>«t^ird,   whrTeby  the   ir<rn'eont4tiniiig  pigment 

haeniatin  (along  w^ith  certain  bye-prmUiets,  fi>nnie,   luetic,  iuid  liiityric^  ariiln),  is 

i        fonned.     IlaBmoglobin,  however,  may  1k^  decom|M>8ed  at  onee  int<j — (!)  HffiOiatm, 

I       a  body  containing  iron,  and  (2)  a  colourless  proteid  closely  related  to  globulin;  by 
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(it)  the  arUlition  of  all  aei<la,  even  hy  COg  in  the  presence  of  plenty  of  water;  (b) 
strong  iilkalies ;  (/•)  all  reagents  which  coagulate  albumin^  and  by  he^t  at  70*  -  80* 
C.  ;    (d)  Ijy  o^«^ne. 

(A)  Haematin,  C;^2^3:j^i^*^*^4  (Nemki  anrl  Sieber),  is  a  bluish-black  amorphous 
body,  wlii(  h  U  *rnis  aliont  i  per  cent  of  hiprn^ «globin  (dog).  It  is  imoluhle  in  water, 
a!eolu>l,  and  ether ;  soUihh  in  dilute  alkalies  and  acids,  and  in  acidulatc^d  ether  and 
alrohoL 

(1)  Acid  Haematin, — Lecann  t^xtnicted  it  from  dry  blood-corpuscles  by  using 
alcohol  font^iiniug  sulphuric  and  t4irtaric  acids.  [If  acetic  acid  be  added  Uy  a 
solution  of  HIf  ami  sli^btly  heated,  a  mahogany  brown  fluid  is  obtained,  containing 
hctmaiin  In  a/itl  mhdifm,  whicli  gives  a  spectrum  with  one  absorptioE-band  to  the 
red  iside  of  I)  near  C  (fig.  23,  5).  There  is  at  the  .same  time  a  coiisidemble 
absorptirni  of  the  hhie  end  of  the  spectrum.  If  an  ethereal  extract  of  the  acid- 
h^matiu  be  made,  the  ether  is  coloured  brown  antl  slunvs  four  absorption-bands, 
as  in  fig.  23,  5.] 

{2}  Alkali-heematin,^ — [If  to  the  ab>ve  solution  ainnionia  i>r  caustic  stxla  be 
added,  on  heating  gently,  the  colour  changes  and  the  fluid  becomes  dicbroic,  showing 
a  greenish  tinge.  (>n  mixing  the  solution  tliorougldy  witli  air  the  spectrum  of 
oxy-alkaliduematin  is  ohtaiiied,  /.e.,  one  absorption-band  just  to  the  red  side  of 
D  (tig,  23,  6),  s<>  that  it  is  mudi  nearer  1)  than  the  corresponding  hand  of 
acid-bflPinatin.     ^rucli  of  the  bine  end  of  the  sfx^ctruin  is  aksorbed  as  welL] 

[{3)  Eeduced  Alkali-hsBmatin  or  HsBmochromogen.— If  the  sulntion  of  alkali- 
luematin  be  re<luced  l>y  amnioniinn  Bulpliidej  the  .spectrum  of  biemoehromogen  is 
obtained,  viz,,  two  absorption-bands  between  D  ami  E,  hut  they  am  nearer  the 
violet  end  than  in  the  case  of  HbO,  and  Hli-CO  (flg.  23,  7).] 

[(4)  HaBmatoporphyrln  or  Iron-free  HsBmatin. — On  adding  blooii  to  con- 
centrated sulphuric  acid  a  clear  purplish-red  soluti^ui  is  obt^uned,  which  shows  tWO 
ab&orption^bands,  one  close  to  and  on  the  reel  side  of  D,  anil  a  second  half-way 
>>etween  D  and  E.  If  water  l>e  added  a  brown  precipitate  is  thrown  down.  When 
this  preci}iitate  is  dissolved  in  caustic  smla,  it  gives  a  fluid  which  shows  /our 
absorpti<  ai -bands.] 

Action  of  CO,,.— If  COf  be  passed  tkrough  a  solution  of  oxybieinoglobin  for  a  cousidemble 
tiiupT  reduced  lib  m  Hrst  formed;  bat  if  the  process  be  prolonj^pd  the  Hb  is  decomposed,  a 
prucipitiite  of  globulin  h  thrown  down,  and  an  abaorption-lmnd,  similar  to  that  obtained  when 
Hb  ia  decompoaed  with  acids,  is  oUservt-d  (p.  30). 

All  alkaline  solution  of  haemnthi,  when  reduced  by  tin  and  hydrochloric  acid, 
yields  urobOin  (compare  §  261). 

'      When  brcmoglobin  i»  extravasated  into  the  subcutaneous  tissue,  it  becomes  so  alter*;d  that 
at  first  bft*matoidin  (§  20),  and  ultiimiUdy  bydruted  oxide  of  iron,  opi^ar  in  its  place. 

la  KffiMIH  AND  BLOOD  TESTS.— In  1853  Teichmann  preiMire-l  crystals 
of  hssmin  fr!>ni  blood ,  which  Hoppi- Seyler  showed  to  l)e  chloride  of  hflematin 
(H^nmtin,  +2HC1X  with  the  h^rnmk  C^,HaiClN^Fe(\  (Neftcki  mid  Sieber). 
Tlie  presence  <d  these  crystids  is  used  as  ii  U*st  for  Tdood-stiuns  or  blood  in  solntton. 
They  (fig.  26)  are  prc5]>ared  by  adding  a  small  crysfcid  of  common  salt  to  dry  bbxHl 
ou  a  glass  slide,  aod  then  an  excess  of  fjkieial  acetic  acid  ;  the  wlede  is  gently  heated 
until  bubbles  of  gas  are  given  (M.  (.>n  allowing  the  prejiaration  to  cool,  the 
clitmicteristic  hcemin  crystals  are  obUiined. 

Characteri. — When  well  formeil,  the  crystals  are  small  microscopic  rhombic 
plates,  or  rtMls ;  sinnctimes  they  are  single — at  other  times  they  are  aggn?gated  in 
groupSi  often  crossing  each  other  (fig,  26).  Some  kinds  of  blood  (ox  and  pig) 
yiebi  very  irregidjir,  scarcely  crystalline,  masses.  The  crystolline  forma  of  haemin 
are  identical  in  all  the  ditt'erent  kinds  of  Idood  thttt  have  been  examined.  They 
are  doubly  refractive ;  under  the  polarijiation  microaeope  they  are  a  glancing 


Sec.  19.]  H^MIN  AND  H^MATOIDIN.  3^ 

yellow,  appearing  raised  on  the  dark  field,  with  a  strong  absorption  of  the  light 
parallel  to  the  long  axis  of  the  crystals  {Folk  and  Moraclie).  They  are  pleo- 
olm)matic :  by  transmitted  light  they  are  mahogany-brown,  and  by  reflected  light 
bluish-black,  glancing  like  steel. 

1)  Pieparation  from  Dry  Blood-StaiiiB.— Place  a  few  particles  of  the  blood-stain  on  a  glass 
ie,  add  2  to  8  drops  of  glacial  acetic  acid  and  a  small  crystal  of  common  salt ;  cover  with  a 


(1)] 

Blide,  j 
cover-t 

of  a  spirit-lamp  until  babbles  of  gas  are 

given  off.     On  cooling,  the  crystals  appear  ^  4  i  '> 

5i  the  preparation  (fig.  26).  1   ^r    M        -^              .                    «^o 

(2)  Prom  StaiiiB  on  Porous  BodioB.—  ^\jf^    ^^                                     3 

The  stained  object  (cloth,  wood,  blottinc-  -^^     ^^                   ^     ^            ^ 

paper,  earth)  is  extracted  with  a  small  ^      ^    % 

quantity  of  dilate  caustic  potash,   and  jn                  ^           ^ 

afterwards  with  water  in  a  watch-glass,  /^^f^    ijfe                                         fi  ^^^ 

Both  solutions  are  carefully  filtered,  and  ^^^       ^^              ^  ^                    V 

tannic  acid  and  glacial  acetic  acid  are  .^^HE^     a       /'           y      ^            A      7 

added  until  an  acid  reaction  is  obtained.  ^^^^^ ^  \k             "^                         ^  ^ 

The  dark  precipitate  which  is  formed  is  \^           ^&^       ^       i     ^                  vl 

collected  on  a  filter  and  washed.    A  small  ^       ^f      ^ 

part  of  it  is  placed  on  a  microscope  slide,  j,.     ^q 

a  irranide  of  common  salt  is  added,  and  u      •          j.  ^       ^   i.             «        i      «      i* 

thfwhole  dried ;  the  dry  stain  is  treated  ««°^"^  crystals.     \  human  ;  2.  seal ;    8  calf; 

(8)  Prom  Plnid  Blood,— Dry  the  blood  slowly  at  a  low  temperature,  and  proceed  as  in  (1). 

(4)  Prom  Dilute  Solntions  of  Hemoglobin.— (a)  Struwe'a  Method,— k^di  to  the  fluid, 
ammonia,  tannic  acid,  and  afterwards  glacial  acetic  acid,  until  it  is  acid  ;  a  black  precipitate  of 
tannate  of  heematin  is  thrown  down.  This  is  isolated,  washed,  dried,  and  treated  as  in  (1),  but 
instead  of  NaCl  a  granule  of  ammonium  chloride  is  added. 

Hsemin  crystals  may  sometimes  \y%  prepared,  from  putrefying  or  lake-coloured 
blood,  but  they  are  very  small,  and  the  test  often  fails.  Wben  mixed  with  iron- 
rust,  as  on  iron  weapons,  the  blood-crystals  are  generally  not  formed.  In  such 
cases,  scrape  off  the  stains  and  boil  them  with  dilute  caustic  potash.  If  blood  be 
present)  the  dissolved  hsematin  forms  a  fluid,  which  in  a  thin  layer  is  green,  in  a 
thick  layer  red  (H,  Rose), 

Hemin  crystals  have  been  prepared  from  all  classes  of  vertebrates  and  from  the  blood  of  the 
earth-worm.    From  the  blood  of  the  ox  and  pig  they  may  be  almost  amorphous. 

(Siemical  Gharacters. — They  are  insoluble  in  water,  alcohol,  ether,  chloroform ;  but  con- 
centrated H^04  dissolves  them,  expelling  the  HCl,  and  giving  a  violet-red  colour.  Ammonia 
also  dissolves  them,  and  if  the  resulting  solution  be  evaporated,  heated  to  130°  C,  and  treated 
with  boiling  water  (which  extracts  the  ammonium  chlonde),  luematoporphyrin— identical  with 
Mulder's  iron-free  luematoin,  and  with  Preyer's  hnmatoin,  is  obtained  {Hoppe-Seyler).  It  is  a 
bluish-black  substance,  which  on  being  pounded  forms  a  brown  and  amorphous  powder.  Its 
solutions  in  caustic  alkalies  are  dichroic  :  in  reflected  light  brownish-red  ;  in  transmitted  light, 
in  a  thick  stratum,  red— in  a  thin  one,  olive-green.  The  acid  solutions  are  monochromatic  and 
brown. 

Preparation  in  Bulk. — To  obtain  it  in  quantity,  heat  dried  horse's  blood  with  10  parts  of 
formic  acid.  If  the  crystals  be  suspended  in  methyl  alcohol,  on  adding  iodine  and  heating 
them  they  dissolve  with  a  purple  colour ;  after  adding  bromine,  brown ;  and  after  passing 
chlorine  gas,  green  ;  all  these  give  a  characteristic  spectrum  (Axen/eld). 

The  glacial  acetic  acid  may  be  replaced  by  oxalic  or  tartaric  acid,  the  common  salt  by  salts  of . 
iodine  or  bromine  ;  in  the  latter  case  similar  bromine-  or  iodine-hsmatin  is  formed  {Bik/alvi), 

20.  HJEMATOIDIK. — Virchow  discovered  this  important  derivative  in 
hamoglobin.  It  occurs  in  the  body  wherever  blood  stagnates  outside  the  circula- 
tion, and  becomes  decomposed — as  when  blood  is  extravasated  into  the  tissues — 
e.g.y  the  brain — in  solidified  blood-plugs  or  thrombi,  especially  in  veins ;  invariably 
in  the  Graafian  follicles.  It  contains  no  iron  (CggHg^N^Og),  and  crystallises  in 
clino-rhombic  prisms  (fig.  27)  of  a  yellowish-brown  colour.  It  is  soluble  in  warm 
alkalies  and  chloroform.  Very  probably  it  is  identical  with  the  bile-pigment — 
bilirabin.  [When  acted  upon  by  impure  nitric  acid  (Gmelin's  reaction),  it  gives 
the  same  play  of  colours  as  bile.] 
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PROTEIDS  OF  THE   STROMA. 


[Sec.  20, 


Pftthological— In  eases  where  a  largo  amount  of  blood  haa  undei^one  solution  within  the 
blcKjti-vesseia  (as  by  injectiug  foreign  blood)  Iitymfttofdin  crystals  havo  heen  found  in  tli«  tiiine. 
For  thoir  occurrence  in  the  urine  in  jaundice  (§  ISO),  and  in  the  apntutn  (f  138). 

21,  (B.)  THE  COLOUELESS  PEOTEID  OF  H^MOeLOBIH.— It  is  ck>8oly 
related  to  globulin;    kit  wliilc  the  latter  h  inxnlniUiUxl  l»y  all  aciils,  m^en  by  CO^, 
tmd  re-i!issul\'ed  an  [»uf*siiig  0  tliFLHigh  it^  tlie  proteid 

dissolved 


0 


of  haemoglobin  alon|?  with  alcohol  in  a  diulyacr, 'puttino 
acidulateit  with  sulphuric  aidd  outside,   and  thereby  obtained 
colourless  cry  stab,     [If  frogs'  blood  bo  scaled  up  on  a  niicroacopie 


slide  alon^  with  n  few  drops  of  water  for  several  day.s,  long  colam- 
lei^s  acicnlar  tTyntals  Are  deyeloi>ed  in  it  {Stirling  and  Brito).] 


Fig.  27. 
HiematoidiD  crystals. 

22.  IT.  PEOTEIDS  OF  THE  STROMA.— Dry  red  human  ldoo4U«.H'puselps 
eoiitjiiii  fniiii  5'10-12"24  [ter  ci?iit.  of  these  jirnteids^  but  little  is  kiiowii  about 
them  {Jii'Ml).  One  of  tliem  is  globolill^  whirli  Im  i'tnubiueil  with  a  body  resem- 
bling nucb"in  ( JFtif^/ /r*%^ },  and  tmees  of  a  diastatic  fermettt  (t\  Wiltlch),  The 
stroma  tf  nds  U^  form  iuas.sei*  wliieh  resemble  tibtiu. 

L.  Bninton  found  fi  body  ro'^mbling  mucin  in  the  nuclei  of  red  blood-corpuscles,  and  Mlescber 
detected  nuclein  [g  -250,  2). 

[Stromata  of  the  Bed  OorpuBclea.  —  When  manmiAliau  red  blood- cor puacles  ai-e  trvated  with 
water — or  other  reagents,  suoh  as  dilute  aeids,  ether,  &c. — the  SO  or  90  p«r  cent,  of  hii^moglobin 
which  they  cuntiuu  i«  dissolved  out  from  tbtj  corpuscles,  and  the  colourless  less  soluble  part 
which  remains  is  called  the  *'fltrcima."  The  stromata  retain  somewhat  the  shap  of  the 
original  corpuscles,  and  am  composed  of  proteid,  lecithin,  choleaterin,  and  inorganic  nalU 
(chiefly  potaasiuTu  phosphate,] 

[The  stromat^i  are  obtniued  by  trf'aiing  defibrinated  blood  with  a  very  large  volnn:tB  of  1  per 
oent.  sodic  chloride.  The  protoiils  cuai  he  extracted  from  the  atromata  with  various  saline 
media,  c.§r.,  Na,  SO^  (half-saturatcNl),  Na  CI  (5  per  cent,),  Mg  SO^  (5  per  cent). 

The  aaiine  extract  contaioa  abundance  of  what  Halliburton  calls  cell.globtilin— a  globulin 
that  in  heftt*coagiUation  tfuiperature,  preeipitability  by  salts  and  other  reagenti,  and  in 
forment  activity  rcaemble**  the  proteid  called  cell-globulin  derived  from  lymph-cells  or  white 
blood-cor|>niielea  (p.  33),  so  that  stroma-globulin  and  cell-glohulin  are  proliably  identical  Cell- 
Albumin  ia  either  absent  or  only  present  in  minute  traces,  nor  does  nucleiu  or  nucleo-albutnin 
appear  to  be  present,  while  the  alhumosc*  ami  pc[itonea  are  certainly  absent.] 

[The  proteid  <»ll-globnlin  ha«  tihrino-pliistic  properties,  i.e.^  it  cnn  cause  the  formation  of 
fibrin  to  take  place  in  a  suitable  fluid,  e.g.y  hydrocele  and  pericardial  flnnl,  but  it  is  uot  decided 
whether  the  cell-globulin  and  fibrin-ferment  are  identical,  or  meitdy  in  cloBe  relationship  with 
one  another,  the  balance  of  evidence,  however,  being  in  favour  of  the  former  view  {ffaUiburton). 

Tlit^ro  is  thus  seen  to  be  a  very  great  ditierence  betwean  the  pix)t«ids  of  the  coloiu'ed  and  ih© 
colourless  curpnaclea  (p.  33),  a  mutter  of  some  importance  in  connection  with  the  views  one 
may  hold  regarding  the  true  cellular  nature  of  the  coloured  corpuscles.] 

23,  OTHER  CONSTITUENTS  OF  EED  BLOOD-CORPirSCLES.^TIL  Lecithin 

(0*35-0  7  2  iHTceiit.)  in  dry  bliM  kI  corpuscles  (§250^  2).     Choleaterin  (0'25  per 
cent)  (§  250,  II L),  no  Fats^ 

Lecithin  is  regarded  as  a  glycerin-phosphate  of  neuria,  in  which,  in  the  radical  of  glyceriu' 
phosphoric  acid,  two  atom>$  of  11  are  rcpbced  by  two  molecules  of  thti  radical  of  stearic  aci<l.  By 
gentle  heat  glycerin -phosphoric  acid  is  split  up  into  glycerine  and  phosphoric  acid  {§  250). 

These  substanctfi  are  obtained  by  extracting  old  stromata.  or  isolated  blood- corpusclea  with 
ether.  When  the  ether  evaporates,  the  cbamcteriBtic  globular  forms  ('*myelin-form»**)  of 
lecithin  and  crystals  of  choleaterin  are  recognised.  The  amount  of  lecithin  may  be  determined 
from  the  amount  of  phosphorus  in  the  ethereal  extract 

IV,  Water  (681 -63  per  lOOO-^a  SehmuU). 

V,  Salts  (7*28  |M_^r  1000),  rhiefly  couipouuils  of  pittattk  ami  pfm^hone  acid  ;  tbe 
phosphoric  acid  is  derived  only  fr(»m  the  Iturncd  lecithin  j  while  the  greater  i^ai-t  of 
the  sidphuric  acid  h  derived  from  the  bimiiiig  of  the  hapmoglobin  in  the  iinalyma. 
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Analysit  of  Blood.— 1000  parts,  by  weight,  of  hone's  blood  contain  :— 

344*18  blood-corpuscles  (containing  about  128  per  cent,  of  solids). 
655 '82  plasma  (containing  about  10  per  cent,  of  solids). 
1000  parts,  by  weight,  of  moist  blood-corpusclds  contain  : — 

Solids,     ....         867-9  (pig);  400-1  (ox). 
Water,    .        .  .        632-1     „       599-9    „ 

The  solids  are  : — 

Pig.  Ox. 

Hwmoglobin, 261  280*5 

Proteids, 86-1  107 

Lecithin,  Cholesterin,  and  other  Organic  Bodies,  12-0                      7*5 

Inorganic  salts, 8-9                      4  '8 

(Potash, 5-543                   0*747 

Magnesia, 0-158                   0*017 

Chlorine, 1-504                   1*635 

Phosphoric  Acid,    ....  2*067                   0703 

Soda, 0                           2'09Z  {Bunge), 

iAn  approximato  estimato  of  the  composition  of  human  blood  is  given  in  the 
Giving  table : — 

Composition  of  Human  Blood  as  a  Whole. 

Water 780 

Solids — of  these — 

Haemoglobin, 134      ^ 

Serum-albumin,    "l  ^^       ] 

Seiiim-globulin,    j" ' 

Fibrin  of  Clot  (?  Fibrinogen),     ....  2 '2  J- 220 

Inorganic  Salts  (of  serum )»  .        .  .  6*0  | 

Extractives, 6*2 

Fatty  matters, 1  *4  J 

Gases,  0,  COo,  N.] 
Koist  red  Uood-corpnscles  contain  30-40  per  cent,  of  solids  and  70-60  per  cent  of  water.    Of 
the  dry  solids  of  the  red  corpuscles  at  least  90  per  cent,  is  htemoglobin,  8  proteid  matter,  and  2 
other  sabetances.] 

81  CHEMICAL  COMPOSITION  OF  THE  TVHITE  COEPUSCLES.— Investi- 

Sktions  have  been  made  on  pus  cells  {Miescher\  which  closely  resemhle  colourless 
ood-corpuscles.  They  contain  several  proteids;  alkali-iilbuminate,  a  prott^id 
which  coagulates  at  48'  C,  an  albuminate  n»si;mbling  myosin,  paraglobulin,  peptone, 
and  a  coagulating  ferment ;  nnclein  in  tlie  nuclei  (§  250,  2),  glycogen  (§  252), 
lecithin,  cerebrin,  cholesterin,  and  fat. 

100  parts,  by  weight,  of  dry  pus  contain  the  following  Salts : — 
Earthy  Phosphates,        .        .        0*416       I      Potash,     ....  0*201 

Sodic  Phosphate.    .         .        .         0-606       |      Sodic  Chloride,  .         .  0-148 

[PMteidB  of  the  white  corpuscles. — Halliburton  used  the  lymph -corpuscles  of  lymphatic  glands, 
fh>m  which  the  proteids  were  dissolved  out  by  a  partially  saturated  solution  of  sodium  sulphate. 
These  cells  contain  :— 

(1)  Oell-g^biilin  a,  in  small  quantity.     It  coagulates  at  48''-50*'  C. 

(2)  OeU-globnlin  ^,  in  largo  quantity,  and  is  either  identical  with  or  closely  associated  with 
the  fibrin  ferment.    It  coagulates  in  5  per  cent.  MgSO^  solution  at  75**  C. 

(8)  OeU-albnniiii,  which  coagulates  at  73°  C. 

(4)  Mndn-like  body  {MUacher\  and  called  hyaline  substance  by  Rovida.  It  is,  however,  not 
macin,  is  rich  in  phosphorus,  and  yields  nucleiu  on  gastric  digestion,  in  addition  to  albumoses 
and  peptones,  so  tnat  it  belongs  to  the  class  of  nndcMD-albomins. 

(5;  If  the  cells  be  not  exammcd  when  they  are  quite  fresh,  they  become  acid  from  the  forma- 
tion of  sarcolactic  acid,  and  the  proteolytic  action  of  a  ferment  (pepsin  ?)  found  iu  the  cell, 
comes  into  play  with  the  subsequent  formation  of  albumoses  and  peptones. 

The  foregoing  list  of  proteids  may  bo  taken  as  those  present  in  a  typical  cell  and  in  protoplasm 
generally.] 

86.  BLOOB-PLASMA  ANB  ITS  EELATION  TO  SEBUM.— The  unaltered 
fluid  in  which  the  blood-corpuscles  float  is  called  blood-plasma,  or  liquor 
MULgninif.  This  fluid,  however,  after  l)lo(xl  is  withdrawn  from  the  vessels, 
rapidly  undergoes  a  change,  owing  to  the  formation  of  a  solid  fibrous  substance — 
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34  BLOOD-PLASMA.  [Sec.  25. 

fibrin.  After  this  occurs,  the  new  fluid  wliich  remains  no  longer  coagulates 
spontaneously  (it  is  plasma,  mimis  the  fibrin-factors),  and  is  called  blood-semm. 
Apart  from  the  presence  of  the  fibrin-factors,  the  chemical  composition  of  plasma 
and  serum  is  the  same. 

When  blood  coagulates,   Table   I.  shows  what   takes  place,  while  Table  II. 
shows  what  occurs  when  it  is  beaten  : — 

I.  I  11. 

Coagulation.  |  When  beaten. 

Blood. 


I 


Plasma.  Corpiucles. 

Serum.  Flbrin-facton. 

I 


Hood- 


Blood-Olot. 


Blood. 


Plasma.  Corpuscles 


_L 


Flbrln-factors.  SenmL 


Fibrin.  Deflbrinated  Blood. 


Plasma  is  a  clear,  transparent,  slightly  thickish  fluid,  which,  in  most  animals 
(rabbit,  ox,  cat,  dog),  is  almost  colourless ;  in  man  it  is  yellow,  and  in  the  horse 
citron  yellow. 

26.  PEEPARATION  OF  PLASMA.— (A)  Without  Admiztare.-~Taking 
advantage  of  the  fact  that  plasma,  when  cooled  to  0°  outside  the  body,  does  not 
coagulate  for  a  considerable  time,  Briicke  prepares  the  plasma  thus : — The  blood  of 
the  horse  (because  it  coagulates  slowly,  and  its  corpuscles  sink  rapidly  to  the 
bottom)  is  received,  as  it  flows  from  an  artery,  into  a  tall  narrow  glass,  placed  in  a 
freezing-mixture,  and  cooled  to  0**.  The  blood  remains  fluid,  the  coloured 
corpuscles  subside  in  a  few  hours,  while  the  plasma  remains  above  as  a  clear  layer, 
which  can  be  removed  with  a  cooled  pipette.  If  this  plasma  be  then  passed 
through  a  cooled  filter,  it  is  robbed  of  all  its  colourless  corpuscles.  [Burdon- 
Sanderson  uses  a  vessel  consisting  of  three  concentric  compartments — the  outer  and 
inner  contain  ice,  while  the  blood  is  caught  in  the  central  compartment,  which  does 
not  exceed  half  an  inch  in  diameter.]  The  qtiantity  of  plasma  may  be  roughly  (but 
only  roughly)  estimated  by  using  a  tall,  graduated  measuring-glass.  If  the  plasma 
be  warmed,  it  soon  coagulates  (owing  to  the  formation  of  the  fibrin),  and  passes 
into  a  trembling  jelly.  If,  however,  it  be  beaten  with  a  glass  rod,  the  fibrin  is 
obtained  as  a  white  stringy  mass,  adhering  to  the  rod.  The  quantity  of  fibrin  in 
a  given  volume  of  plasma  is  very  small  (p.  35),  although  it  varies  much  in 
different  cases. 

(B)  With  Admixture. — Blood  flowing  from  an  artery  is  caught  in  a  tall  vessel 
containing  |th  of  its  volume  of  a  concentrated  solution  of  sodic  sulphate  {Hewson) 
— or  in  a  25  per  cent,  solution  of  magnesic  sulphate  (1  voL  to  4  vols,  blood — 
Simmer) — or  1  vol.  blood  with  2  vols,  of  a  4  per  cent,  solution  of  monophosphate 
of  potash  (Masia).  When  the  blood  is  mixed  with  these  fluids  and  put  in  a  cool 
place,  the  corpuscles  subside,  and  the  clear  stratum  of  plasma  mixed  with  the  salts 
may  be  removed  with  a  pipette.  [The  plasma  so  obtained  is  called  "salted 
plasma.'']  If  the  salts  be  removed  by  dialysis,  coagulation  occurs ;  or  it  may  be 
caused  by  the  addition  of  water  {Joh.  Miiller).  Blood  which  is  mixed  with  a  4 
per  cent,  solution  of  common  salt  does  not  coagulate,  so  that  it  also  may  be  used 
for  the  preparation  of  plasma.  [For  frog's  blood  Johannes  Miiller  used  a  J  per 
cent,  solution  of  cane-sugar,  which  permits  the  corpuscles  to  be  separated  from 
the  plasma  by  filtration.  The  plasma  mixed  with  the  sugar  coagulates  in  a  short 
time.] 

27.  COAGULATION  OF  THE  BLOOD.— FIBRIN.— [Blood  within  the 
living  body  is  fluid,  and  when  first  shed  it  remains  so  for  a  short  time.     After 


Sec.  27.]  COAGULATION  OF  THE   BLOOD.  35 

a  brief  interval  it  becomes  viscid,  and  then  the  whole  mass  becomes  solid,  clots,  or 
coag^nlates,  forming  a  complete  jelly,  so  that  at  first  the  whole  mass  can  be  emptied 
out  of  the  vessel  in  which  it  has  set,  and  forms  a  mould  having  the  shape  of  the 
vessel     The  coagulation  is  due  to  the  formation  of  a  body  called  fibrin.] 

Oeneral  Characters. — ^Fibrin  is  that  sulwtance  which,  becoming  solid  in  shed 
blood,  in  plasma  and  in  lymph  causes  coagulation  of  the^e  fluids.  In  these 
fluids,  when  left  to  themselves,  fibrin  is  formed,  consisting  of  inniunerable, 
excessively  delicate,  closely-imcked,  microscopic,  doubly  refractive' fibrils  (fig.  9,  E). 
These  fibrils  entangle  the  blood-corpuscles  as  in  a  spider's  web,  and  form  with 
them  a  jelly-like  solid  mass  called  the  blood-clot,  orassamentom,  or  placenta 
sangninifl.  At  first  the  clot  is  very  soft,  and  after  the  first  2  to  15  minutes  a 
few  fibres  may  be  found  on  its  surface ;  these  may  be  removed  with  a  needle, 
while  the  interior  of  the  clot  is  still  fluid.  The  fibres  lUtimately  extend  through- 
out the  entire  mass,  which,  in  this  stage,  has  been  called  cruor.  After  from  12  to 
15  hours  the  fibrin  contracts,  or  at  least  shrinks  more  and  more  closely  round  the 
corpuscles,  and  a  fairly  solid,  trembling,  jelly-like  clot,  which  can  be  cut  with  a 
knife,  is  formed.  During  this  time  the  clot  takes  the  shai)e  of  the  vessel  in 
which  the  blood  coagiUates,  and  expresses  from  its  substance  a  fluid — the  blood- 
senun.  Fibrin  may  be  obtained  by  washing  away  the  corpuscles  from  the  clot 
with  a  stream  of  water. 

Cnuta  Phlogistica. — If  the  corpuscles  subside  very  rai)idly,  and  if  the  blood 
coagulates  slowly,  the  upi)er  stratum  of  the  clot  is  not  red,  but  only  yellowish,  on 
account  of  the  absence  of  coloured  corpuscles.  This  is  regularly  the  case  in  horse's 
blood,  and  in  human  blood  it  is  observed  especially  in  inflammations ;  hence  this 
layer  has  been  called  cmsta  phlogistica.  Such  blood  contains  more  fibrin,  and  so 
coagulates  more  slowly. 

The  cmsta  is  formed  under  other  circumstances,  cg.^  with  increased  sp.  gr.  of  the  corpuscles, 
or  diminished  sp.  gr.  of  the  plasma  (as  in  hydrsmia  and  chlorosis),  whereby  the  corpuscles  sink 
more  rapidly,  and  also  during  pregnancy.  The  taller  and  narrower  the  glass,  the  thicker  is 
the  crusta  (compare  §  41).  The  upper  end  of  the  clot,  where  there  are  few  corpuscles,  shrinks 
more,  and  is  therefore  smaller  than  the  rest  of  the  clot.  This  upper,  lighter-coloured  layer  is 
called  the  "bnfly  coat";  but  it  gradually  passes  both  iu  size  and  colour  into  the  normal  dark- 
coloured  clot.  [Sometimes  the  upper  surface  of  the  clot  is  concave  or  ''cupped."  The  older 
physicians  attached  great  importance  to  this  condition,  and  also  to  the  occurrence  of  the  butfy 
coat] 

Beflbrinated  Blood. — If  freshly-shed  blood  be  beaten  or  whipped  with  a  glass 
rod,  or  with  a  bundle  of  twigs,  fibrin  is  deposited  on  the  rod  or  twigs  in  the  form 
of  a  solid,  fibrous,  yellowish-wliite,  elastic  mass,  and  the  blood  which  remains  is 
called  "  defibrinated  blood "  (p.  34).  [The  twigs  and  fibrin  must  be  washed  in  a 
stream  of  water  to  remove  adhering  corpuscles.] 

Coag^nlation  of  Plasma. — Phisma  shows  phenomena  exactly  analogous,  save 
that  the  clot  is  not  so  well  marked,  owing  to  the  absence  of  the  resisting 
corpuscles ;  there  is,  however,  always  a  soft  trembling  jelly  formed  when  plasma 
coagulates.  [In  Hewson's  experiment  on  the  blood  of  a  horse  tied  in  a  vein,  he 
found  that  the  plasma  coagulated — fibrin  being  formed,  so  that  he  showed  coagula- 
tion to  be  due  to  changes  in  the  plasma  itself  (§  29).] 

Properties  of  Fibrin. — Although  the  fibrin  appears  voluminous,  it  only  occurs 
to  the  extent  of  0*2  per  cent.  (0*1  to  0*3  per  cent.)  in  the  blood.  The  amount 
varies  considerably  in  two  samples  of  the  same  blood.  It  is  insoluble  in  water 
and  ether ;  alcohol  shrivels  it  by  extracting  water ;  dilute  hydrochloric  acid  (0*1 
per  cent)  causes  it  to  swell  up  and  become  clear,  and  changes  it  into  syntonin  or 
acid-albumin  (§  249,  III.).  When  fresh,  it  has  a  greyish-yellow  fibrous  appear- 
ance, and  is  elastic ;  when  dried,  it  is  horny,  transparent,  brittle,  and  friable. 

When  fresh  it  dissolves  in  6-8  per  cent,  solution  of  sodium  nitrate  or  sulphate,  in  dilute 
alkalies,  and  in  ammonia,  thus  forming  alkali-albuminate.     Heat  does  not  coagulate  these 
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solutions.  [It  U  algo  solublu  in,  or  rather  ilucomx>o&ed  by,  5-10  per  cent,  solutions  of  neutral 
saibi,  e.ff.,  NaCI^  yiel<iinf?  t\\Q  fibro-gtobnliiis  iGrr^n).]  Hydric  peroxkb  is  rapidly  decomposed 
by  tibrin  into  water  and  O  [Th^nani].  Fibrin  which  lias  lieen  exposed  to  the  air  Jbr  a  long 
time  is  no  longer  soluble  in  solution  of  jHitassic  nitmte,  but  in  fieurin  {Mautkntr).  During 
pntrefftction  it  passes  into  solution,  ulbumin  being  fonuc^d.  Fibrin  contains,  entangled  in  it, 
ferric,  calcie,  find  nmgnesic  phospliatea,  and  calcium  sulphate,  whose  origin  h  unknown*  [The 
ash  of  litnin  contains  '68  to  *96  per  cent,  of  calcic  phoftpnatc] 

Time  for  Coagulation. — The  ^rst  appcaratiee  of  a  coflgnlnm  occurs  in  man'^  bluod  after 
S  minutes  45  seconds,  in  womnn's  Idootl  after  2  min.  20  bcc.  {H.  Nassc).  Age  has  no  elfect; 
Vfithdrawal  of  food  iiceelenites  coagulation  {ff.  Vierordt). 

28.  GENERAL  PHENOMENA  OF  COAOULATIOr— I,  Blood  in  direct 
contact  with  living  unaltered  blood-vessels  does  not  coagulate.  [Hewsnn 
(1772)  fouml  tliat  when  lie  tied  the  ju^ilur  vein  of  a  horse  in  tuo  phtee,^,  ami 
excisetl  itj  the  bkiod  ditl  not  coagulate  fur  u  long  time.]  Ilrueke  filled  the  heart 
of  a  tortoise  with  l)lood  wliieh  had  stood  15  niiinites  exjioaed  to  the  air  at  0"*, 
and  kept  it  in  a  moist  chamlier  ;  at  0"  C.  the  Mood  wn^  still  uncoagulated  in  the 
coiitmetuig  henrt  aft<.'r  eight  days.  Blt>od  in  a  rontnietiiig  frog's  lieart  presi?rv*?d 
loider  iiii/Friiiy  iloi^;  not  roagnlnte.  If  the  wall  of  the  Idood-vessel  he  altered  hy 
pathological  proceases  (t.;/.,  if  the  intima  heeomes  rough  and  niieveii,  or  under- 
goes iiillummatory  ehaiige)j  eoagni-ition  is  ajit  to  oeeur  at  these  places.  B!fH>d 
rapidly  t  rtagidatos  in  a  deaf!  heart,  or  in  hlood- vessels  (hnt  not  in  ea]>illaries)  or 
other  canals  (c.g,^  the  ureter).  If  hlood  stagnates  in  a  living  vessel,  coagidation 
bc^gin:^  Ln  the  central  axis,  heeause  here  there  is  no  contact  with  the  wall  of  the 
living  hi hvessel. 

IL  Conditions  wMch  Hinder  or  Delay  Coagnlation.— {a)  The  addition  of 
small  cj^naiitities  of  alkaliesj  amntofna,  or  concentrated  solutions  oi  jieutral  ^a/U 
of  the  alkalim  and  earths  (iilkaline  chlorides,  sulidiat-es,  phosphates,  nitrates, 
carbonates).  Magnesic  sidphate  acts  most  favmirahly  lu  chdaying  coagidation 
(1  vol.  solution  of  *2H  jier  cent,  to  3|  vols.  IdiKMl  of  the  horse). 

(if)  Preci}iihitii>n  <d  the  filaino-plastin  hy  adding  weak  acids,  or  CO^. 

By  tho  liddition  of  acttk  acid  until  the  reaction  is  acid,  coagulation  is  completely  arrested. 
A  Urge  amount  of  COj  delays  it,  hence  venons  blood  coagidates  more  slowly  than  arterial,  and 
the  blood  of  .vw/bcrtM  persons  remains  fluid  for  the  same  reason. 

(c)  The  addititni  i>f  efjij-idbiimhi^  fi/nqh  gi^cerine^  and  nuic]i  icater.  If  mi- 
coagulated  Idood  he  Iniaight  into  contact  with  a  hiyer  of  already-formed  fibrin, 
coagulation  occurs  later. 

(d)  By  cM  {0"  C.)  coagulation  may  l*e  delayed  for  one  hour.  If  blood  is 
frozen  at  once,  after  thaMingit  is  still  fiuid,  and  then  coagulates  (Ilefrson).  ^\Tien 
ehed  blood  is  under  hifjh  pressure  it  coa|U[idates  shjwly. 

(e)  Biuod  of  en\hrtjo-Jmr(s  does  not  coag^ilate  before  the  twelfth  or  fourt^entli  day 
of  incut »ati<ni  {Boll) ;  that  cd  the  hquxiic  vein  very  slightly  ;  mm^trtml  bhod  shows 
little  tendency  t^'  coagulate  when  alkaline  mucus  fitim  the  vagina  is  mixed  with 
it  If  it  \m  rapidly  discharged,  it  coagulates  in  masses.  Fcetal  hlorxl  at  the 
moment  of  larth  c<:tagiilates  s<^aL 

(/)  BitHjfi  rkh  hi^fibnu  from  inflametl  parts  coagulates  slowly,  hut  the  clot  ^y 
formed  is  finn. 

(g)  [Blood  coagidates  more  slowly  in  a  smooth  than  a  rough  vessel,  and  oIbo  in 
a  si  1  a  How  ves.'^el  than  in  a  deep  one.] 

[(h)  Blood  in  ctaitact  wit!i  pure  oil  coagidates  more  slowly  than  wheii  it  is  in 
contact  with  ghiss  or  metal.  Even  a  tube  or  vessel  smeared  with  oil  or  vaseline 
delays  coagidation,  so  that  blood  flows  longer  through  such  a  tnbe  without 
coagtdating  than  thrifU^li  a  rjlass  or  metid  tube.  Tlie  action  seems  to  l>e  a  purely 
physical  one  between  tlie  IdiMjd  ami  the  oil.] 

(/)  Aksence  of  oxygen. 

Injection  of  FeptoneB  (albumoseii)  and  other  bodiea, — Albertoiu  observed  that  if  tryjptic 
paoL-reas  feraient  (dissolved  ia  glycerine)  be  injected  into  the  blood  of  an  animal,  tlie  blood 
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when  shed  does  not  conflate.  Schmidt-MilUieini  found  that  after  the  injection  of  j^ptom  into 
the  blood  (0*5  gram pei-Kilo. )  of  a  dog,  the  blood  lost  its  power  of  coagulating.  [This  occurs  in 
the  dog,  but  not  in  the  rabbit.  Peptonised  blood  coogiilates  when  it  is  treated  with  COj  or  water. 
It  appears,  however,  that  it  is  not  the  peptone  which  prevents  the  coagulation,  but  the  albmnoBes 
ailhering  to  it  which  do  so.]  A  substance  is  formed  in  the  plasma,  which  prevents  coagulation, 
but  which  is  jirecipitated  by  COj.  Lymph  behaves  similarly  (Fano),  After  peptones  are 
injected,  there  is  a  great  solution  of  leucocytes  in  the  blood  (r.  Samaoii-Himmehtjcma),  The 
■ecretion  of  the  mouth  of  the  medicinal  leech,  [although  its  action  is  not  due  to  a  ferment 
(Hayeraft)],  and  snake  iK)i8on  also  prevent  coagulation  ()VaU),  [Diastatic  ferment  [Salvioli) 
and  tlie  poisonous  substance  in  the  senim  of  eels'  blood  {Mosso)  also  prevent  coagulation.] 

Hemophilia. — A  very  slight  scratch  in  some  persons  may  cause  very  free  bleeding.  These 
persons  are  called  coUoouially  **  bleeders,'*  and  are  said  to  have  hnmophilia  or  the  hsamorrhagic 
oiathoBifl.  In  "bleeders"  coagulation  seems  not  to  take  place,  owing  to  a  want  of  the 
substances  producing  fibrin ;  hence,  in  these  eases,  wounds  of  vessels  are  not  ^)lugged  with 
fibrin.  [A  tendency  to  haemorrhage  occurs  in  scurvy,  purpura,  in  some  infectious  diseases,  / 
such  as  typhus,  plague,  yellow  fever,  and  in  poisoning  with  phosphorus.] 

[Leech  Extract.— A  watery  extract  of  the  bnccal  cavity  of  tlie  leech — the  secretion  probably 
is  derived  from  the  epithelial  cells  lining  the  sucker  and  buccal  cavity — when  injected  into  the 
blood-vessels  of  a  dog  or  rabbit,  or  mixed  with  the  uncoagulated  blood  of  these  animals,  prevents 
coagulation  for  a  much  longer  time  than  is  the  case  with  the  injection  of  so-called  peptones,  for 
it  is  really  the  albumoses  mLxed  with  the  peptones  which  prevent  coagulation  in  the  blood  of 
the  dog.  The  action  of  leech-extract,  like  that  of  the  products  of  digestion,  is  not  permanent. 
When  injected  it  produces  fur  milder  constitutional  symptoms  than  albumose,  but  its  action 
on  the  blood  is  fur  more  powerful.  It  is  eliminated  by  the  kidneys.  So  far  this  active 
principle  has  not  been  isolated,  although  it  is  soluble  in  water,  saline  solutions,  ami  insoluble 
m  alcohol,  ether,  and  chlorofonn  {Haycra/t).] 

III.  Coagulation  is  accelerated— (^)  By  contact  with  foreign  Substances  of 
all  kinds,  but  only  when  the  I)1ockI  adheres  to  them,  hence  threads  or  needles 
introduce<l  into  arteries  are  rapidly  covered  with  fibrin.  [The  (coagulation  always 
begins  around  the  foreign  body.]  Blood  does  not  coagidate  in  contact  with  bodies 
covered  with  fat  or  vaseline  (Freimd),  Even  the  intrtHluction  of  air-bubbles  iiito 
the  circulation  or  the  j)assage  of  indifferent  gases,  N  or  H,  through  blood, 
accelerates  it.  The  pathologically  altered  wall  of  a  vessel  acts  like  a  foreign  Ixnly. 
Blood  shed  from  an  artery  rapidly  coagxdates  on  the  walls  of  vessels,  on  the 
surfaces  exposed  freely  to  air,  and  on  the  rods  or  twigs  used  to  beat  it. 

(6)  The  products  of  the  nitrogressive  metabolism  of  proteids  (uric  acid,  glycin, 
leucin,  tauriu,  kreatin,  sarkin,  but  not  urea)  favour  coagulation  by  increased 
ferment-formation  ;  but  if  they  ar(>  added  in  excess,  they  retard  the  process. 

(c)  From  a  watery  extract  of  the  testis  or  thymus,  on  the  addition  of  acetic  acid,  is  precipitated 
a  substance  which  is  soluble  in  sodic  carbonate.  It  is  a  mixture  of  lecithin  and  albumin,  and 
when  it  is  injected  into  the  blood-stream  it  causes  almost  instantaneous  death  by  intravascular 
ooagulation  {Wooldridge).  [Injection  of  a  watery  extract  of  the  thymus,  supra-renal  capsules, 
and  testis  suffice  to  produce  extensive  intra- vascular  clotting,  and  even  the  injection  of  laky 
blood  accelerates  coagulation.] 

((/)  During  rapid  haemorrhage,  the  last  portions  of  blood  coagiUatc*  most  rapidly 
(Holzmann). 

{e)  Heating  the  blooil  from  39'  to  SS**  C.  (Heicsfm). 

if)  Agitation  of  the  blootl  (Heicson  and  Hunter). 

\(ff)  The  addition  of  a  small  quantity  of  water. 

(h)  A  watery  condition  of  the  blootl.     The  clot  is  small  and  soft. 

(i)  Contact  with  oxygen,  or  free  exposure  to  the  air. 

But  contact  with  oxyg(;n  is  not  necessiiry  for  coagidation  to  take  place,  as  this 
occurs  in  contact  with  indifferent  gjvses,  as  well  as  in  a  vacuum.] 

IV.  Bapidity  of  Coagulation.— Amongst  vertebrates,  the  blood  of  birds 
(especially  of  the  pigeon)  coagulates  almost  momentarily ;  in  cohl-blooded  animals 
coagulation  occurs  much  more  slowly,  while  mammals  stand  midway  Wtween  the 
two. 

[The  blood  of  a  fowl  begins  to  coagulate  in  ^  to  1}  minute;  pig,  sheep,  rabbit,  in  J  to  1 J 
minnte ;  dog;  1  to  3  minutes  ;  horse  and  ox,  5  to  13  minutes;  man,  3  to  4  minutes;  soUdifica- 
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tioij  is  L-omjileted  in  9  to  11  minutes  (A^asft*). )  Tlie  Mood  of  invertebrates,  whkh  is  nsimlly 
colonrlesa  wben  it  i^  oxitlisiid  (§  3*2),  forma  a  soft,  whitisli  clot  of  fibrin.  Even  in  lymph  and 
chyle  a  sjuall  soft  clot  is  farmed. 

Y.  When  coaguJati^iu  oocur^,  tht^  a^gregiit^'  LoiuUtion  of  the  libriu-fac tot's  is 
altered,  m>  that  heat  iiiiist  l»e  set  free  (  Valettfin,  1844). 

VL  In  bbjod  hIu'iI  imm  mi  artery,  tlie  dt^gree  of  alkalinity  diminisheB  froju  tin* 
time  of  its  being  .sliftl  until  L'oagiilatii*ri  is  etmiplett'd  (P//%er  ami  Ztmh).  This  is 
pr<d>ahly  due  U*  n  dei'ijinpositioii  in  tlie  blood,  whereby  an  iicid  is  deveb)]H*d,  wKicli 
diniinisLe!^  the  alkalinity  (p.  2). 

Yll.  iJnrmg  eoagiilatioti  tliere  is  a  diminutioii  of  the  0  in  the  blood,  althongh 
a  sinulsir  ilet-reiise  tdso  tn^rurs  in  notujoagiidated  ViIoikI.  Tnit'fs  of  amvtoniaiuv  alsi* 
given  off,  ivliirh  Hieliard.'^iin  err^jneously  Hii]>[>i>sed  b*  be  the  cause  of  the  (angula- 
tion of  the  bbuHb 

[This  is  refuted— (1)  by  the  fact  that  blood,  when  collectetl  nnder  mercury  (whereby  no  eacap*; 
of  ammonia  is  poxsible)  ako  coagulates  ;  and  (*2)  by  the  following  experiment  of  Lister  t  —  He 
pkeetl  two  ligatures  on  a  vein  containing  blood,  moistening  one-half  of  the  outer  8urface  of  the 
vein  Mith  ammonia,  li-aving  the  other  half  intact.  The  blood  coagulated  in  the  tii-st  half,  ami 
not  in  the  other,  owing  to  the  properties  of  the  wall  of  the  vein  of  the  former  beiiij?  altereiL 
Neithtr  the  decrease  of  O  nor  the  ©vohition  of  ammonia  seema  to  have  any  eaossd  coinieetiou 
Tvitli  the  foiiimtion  of  fibrin.] 

Pathological,— When  the  blood  coagulates  wiHun  the  vessek  during  lifPt  the  process  ia  called 
thromboaia,  and  the  eoagulinn  or  ]»hig  ho  formed  is  termed  a  throrabua,  Wlien  a  clot  of  blood 
or  other  body  is  carried  by  the  l>lood-atri*aiii  to  another  i>art  of  the  vosenlnr  system  where  it 
blocks  up  XI  vessel^,  the  plug  h  called  nu  embolus,  and  the  result  emboliam. 

Coagulable  Fluids. — With  regard  t^t  Loagidaliility,  thuds  containing  pixiteids 
may  be  chiHsified  thus  :— ^ 

(1)  Til-      '  ■    '       f'jtilatf'  itpitUtineousbj,  i.e.,  blood,  lymph,  chyle. 

(2)  Til  (/  ciHtfjtiliUinij,  t.tj.,  fiuids  secreted  pathologically  in  serous  cavities;  for 
example,  J  ,wi  =  a-  fluitl,  which»  as  usually  eontaining  fibnno|;eti  only^  does  tiot  co&£ulat4$ 
apontaneuusly,  but  it  toagulatee  ou  the  addition  of  fibrino-plastiii  and  ferment  (or  of  blood- 
serum^  in  which  both  occur). 

(S)  Thorn  which  do  not  emgtiMcj  e,g.,  milk  or  se:ninal  fluid,  whieh  do  not  »eem  to  contain 
fibrinogen, 

29.  CAUSE  aP  THE  COAGULATION  OF  BLOOD.  — {H«T"^ii*»  EiperimentB  (1 772).— Hew  son 
tied  the  jugular  vtiu  uf  a  horse  betwoLii  two  ligatures,  removed  it,  and  then  snspemhHl  it  by  one  end 
(fig.  28),  He  found  that  the  blood  remained  fluid  for  a  lon^'  time  (48  hours)>  the 
ri'd  corpuscles  sank  (RCh  and  left  a  clear  layer  of  plasma  on  the  surface  (P).  On 
drawing  off  some  of  this  «:lenr  plasma  it  eonguhtted,  thus  proving  coagulation  to 
he  due  to  chani^es  in  the  plasma.  If  a  glass  rod  be  pushed  throut^h  the  wall  of 
the  vessel  into  the  fluid,  coagulation  begins  around  the  foreign  body,  Ttie  glass 
roil,  however,  nmst  not  be  i:nirfcctly  smooth.  Lister  repeated  this  experiment, 
and  found  that,  even  if  the  upjjerend  of  the  tube  be  opened  and  the  blood  fieejy 
exiHJBcd  to  the  air,  coagulation  is  but  slightly  haste u^'d.  He  showt'd  that  the 
blood  might  bo  ^jourt'd  from  one  vein  into  another,  ju*t  as  one  might  t>our  fluid 
from  one  test-tube  into  another.  In  this  ease  there  were  two  test'tul^es,  i.t.^  the 
veins — and  althougfi  the  blood,  ou  being  poured  from  the  one  to  the  other,  came 
into  contact  with  the  air,  it  did  not  coagulate.  Hewsou,  however^  found  that 
blood  jHJured  from  the  vein  into  a  glass  vessel  coagxdated,  so  that,  in  his  opinion, 
the  blood-vessels  exerted  a  restraining  influence  on  coagulation.  Ily  cooling  tlie 
blood  and  preventing  it  from  coagulating,  ho  proved  that  coagulation  was  not 
due  to  the  loss  of  heat.  Nor  could  it  bo  a  vital  act,  as  gmlie  sulphate  or  other 
neutral  salt  prevented  coaguhition  indefinitely,  but  coagulation  took  place  when 
the  blood  was  diluted  with  waterj 

[Buchftnaji'a  EeBoarcliea,  —The  serous  sacs  of  the  body  contain  a  fluid  which 
n  some  respects  closely  resembles  lymph.     Tlie  jjericaidial  fluid  of  some  animals 


Fig.  28. 

Vein   of  horse 
tied  between 


iwonpiinres.  ^.Q^gum^.^  spontaneously  (e.(^,,  in  the  rabbit,  ox,  horse,  and  sheep)  if  the  fluid  bo 

WC  '*  white '  '^^"'^^'^'^^  imnudiaUly  after  tkaih.    If  this  be  not  done  till  setrrai hou m  uftrr  ihtith, 

and'  RC    red  *^'®  *^^^*^  ^^^^  ^^^  coagulate  tpontaneously.     The  fluid  of  the  tunica  vnginalis  of 

cori>uscles.       *^i**  testis  sometimes  accumulates  to  a  great  extent,  and  constitutes  ftjfdrtM-efr,  but 

this  fluid  ahowa  do  tendency  to  coagulate  sponlanrously.     Andrew  Buchanan 

found,  however,  that  if  to  the  fluid  of  ascites,  pleuritic  fluid,  or  hydrocele  fluids  there  be  ai 

clear  blfK)d*sernm,  then  coagulation  takes  place,  ue.    two  fluids— neither  of  which  shows 
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tendency  Iff  {(jtelfto  coaj^late — form  a  clot  when  they  are  mixed  (1831).  He  also  fouud  that 
ir  "washed  blood^clot*'  (which  consists  of  &  mixture  of  fibnti  and  colonrlesa  corpusdee)  he 
nddc<l  to  hyilroi!elo  lluid,  eoagulntion  occulted.  He  compared  the  action  of  washed  blood-clyt 
to  the  ncfioiv  of  reniicttin  coagulating  milk,  and  he  imagined  thr  atjcnf^  whkk  determhial  Ihe 
eofifjidation  to  beeohurlesj  ctrrpusch-^.  Thus,  the  huffy  coat  of  horses'  blood  is  s.  powerful  agent, 
iuid  it  contiuns  immeroiis  colourless  corpuscles.  He  Snally  coiicbnied  that  some  constituent  in 
the  pl.isma,  to  whiL'h  he  gave  the  name  of  a  "soluble  fibrin/'  18  acted  upon  by  the  colourhsa 
corpnsck^  and  converted  into  fibrin .  The  soluble  fibrin  of  Buchanan  U  tomiiamble  to  tlie 
fibrinogen  in  Hauimnr8teii'a  theory.     Bucbanap,  however,  did  not  separate  the  substance.] 

fBenia's  Plaamine  (1859). — Denid  mixed  micoagiilated  blood  with  a  f^atursted  aolntion  of 
8odie  atilphate,  and  allowed  the  corpuscles  to  subside.  The  salted  plasma  thus  obtained  he  pre- 
cipitated with  aodic  chloride.  The  precipitate,  when  washed  with  a  saturated  solution  of  sodic 
chloriiie,  he  called  pl&Bmine.  If  plasnuiit^  be  mix<?d  with  water,  it  coagulates  s|iontanpously, 
rcmilting  in  the  formation  of  iibriii,  while  another  proteid  remains  in  stilution.  According  to 
the  view  of  Denis,  fibrin  is  produced  by  the  splitting  up  of  plabinine  into  two  bodies — librin 
and  a  soluble  proteid.] 

(If  to  plasnia,  r.^,,  from  horse's  blood,  there  be  adde<i  NaCl  to  the  extent  of  13  per  cent.,  a 
white  vi,**cid  precipitate  is  thrown  down»  If  this  precipitate  be  removed,  and  more  ^aCl  addt^d, 
or  MgSO|  crystals,  anotber  prott^id,  white  and  granular,  is  precijdtiited.  The  former  U  fibriuogieil, 
and  the  latter  para-glohmin,  so  that  the  so-called  plasmine  of  Denis  really  consists  of  two 
proteids ;  only  the  former,  however,  is  converted  into  fibrin.] 

[Brticke^a  experiments  were  directed  to  tlio  question  why  the  blood  does  not  coagulate  within 
the  vessels.  Hewson  liari  shown  that  blood  remains  Wuid  for  6-14  hours  in  the  vessels  after  the 
death  of  the  niamnl  (dog).  In  the  ca-se  of  cold-bloode^I  animak,  i.g.^  the  turtle  at-f  l"  C,  the 
blood  remained  fluid  for  six  to  eight  days.  Again,  the  blood  remained  fluid  in  the  excised  heart 
of  ft  turtle  kept  moist  under  a  bell  jar  as  l&tig  as  the  heart  continued  to  beat  aod  until  the 
cardiac  walk  lost  their  excitability,  A  foreign  body  introduced  ioto  the  blood -vtissels  was  soon 
snrrouiidetl  with  a  clot  of  fibrin,  which  was  always  deposited  on  the  foreign  bo<ly  itself  and  not 
on  the  walls  ol  the  blood-vessels.  The  same  result**  were  obtained  in  mammals,  and  especially 
in  new-born  animrd«.  Thia  :ietiou  of  the  vascular  wall  in  preventing  coagulation  only  exists  a^ 
long  as  the  wall  itself  is  intact  and  alive.] 

[Lifiter  maintained  that  tlie  blood  has  no  spontaneous  tendency  to  cdot^  as  Briicke  supposed, 
bat  that  it  only  clots  when  brought  into  contact  with  foreign  matter,  «,nd  this  is  the  view  now 
generally  held.] 

[A.  Schmidt's  EeseaTchefl  (1861). — ^This  observer  rediscovered  the  chief  facta  already  known 
to  "Buchanan,  vi?,.,  that  some  fluide  which  do  not  coagulate  sfxjotaneously  clnt  wbpn  mixed 
with  other  fluids,  which  show  no  tendency  to  coagulate  s[>ontaneou»ly,  e.^.,  hydrni cte  iliiid  Jiiid 
blood-scrum.  Ho  isolated  from  tlteso  tluids  the  bodies  described  as  fibrinogen  and  hl>rino- 
pUstin.  Tlie  bodies  so  obtained  were  not  pure,  but  Schmidt  supposed  that  tlio  formation  of 
nbrin  was  due  to  the  interaction  of  these  two  protcids.  The  reason  hydrocele  fluid  doe^  not 
coagulate,  he  says,  is  that  it  contains  fibrinogeo  and  no  fibriiio-|>Iflstin,  while  blood-semra  con- 
tains the  latter,  but  not  the  former,  Schmidt  afterwards  discovered  that  these  two  substances 
ma^  be  present  in  a  fluid,  and  yet  coagulation  may  not  occur  (/■.^.,  occasionally  in  hydrocele 
fluid).  He  suppnikd,  therefore,  that  blood  or  blood-serum  contained  some  other  cooslitnent 
neee-ssary  for  coagulation.      This  h#  afterwards  isolated  in  an  impure  condition  and  called 

A.  Sckmidt's  tkeory  of  Coagulation  h  that  fibiin  is  fornieii  by  the  coming 
tctgi^tbiv  t»f  two  proteid  mbatafifes  which  occur  ili^s^dved  in  the  plasma,  viz.j— (1) 
dbriiiogen,  /.^.j  tiio  «ulj.KtiiTictt  whiili  yiehls  tb<?  chief  mass  of  the  librin^  and  (2) 
fibrino-plastic  sabitance  or  filninoidfistiiL  Thi?  latter  ttn-nis  are  now  randy  used, 
liaviug  Irf'cii  iv[da<eil  by  *  ither  of  the  following — seruni-gh  diuliii  or  pam-glolmlin, 
§  32.  In  onk  r  to  dt^b^niiiiie  tlic  coagiihitioii  a  ferment  seem.s  to  l)e  nccesJiary,  and 
tliifl  38  supplied  by  (3)  tlie  fibrin-fernieilt.  [Reviewing  all  the  evidence,  it  setans 
quite  certaiu  that  para-^!<>bulin  is  not  eoueertied  in  the  process  of  coagidatiott,  m> 
that  Schmidt's  theory  liari  now  given  |daee  Ui  that  of  Harnuiaristeii  (p  41).] 

1.  PropertieB  of  Fibrinogen  and  fibrino-plastm,— They  l>elong  to  tlic  group  of 
prf»teids  called  globulins,  i>.,  thr^y  are  instdulde  iu  jnirt^  water,  but  aie  soluble  in 
dihiti*  inline  sidutions  (ejf.y  cmumou  salt,  g  249),  and  are  not  th.^tinguiHlied  froui 
each  Mtln.T  by  wi  11-uiarkeii  clu  inii  al  char^icters.     Still  tliey  ditfer  as  f^dhiwjs  i — 

Fibrino-plastin  or  Semm-globulin  is  mort^  easily  preeipit^ited  from  iU  s<  dutions 
tlian  filtritingfn.  It  h  more  readily  redissolveil  when  once  it  is  precipitated.  It 
forma  when  precipitatcil  a  very  light  granular  jiowder,  [and  its  saline  solution 
cottguliit«38  at  75*  C.]- 
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[Sec.  29. 


FibriiiOgeE  adheres  as  a  sticky  deixisit  to  the  side  of  the  ves84.4.  It  coagulates 
nt  56"^  C\ 

On  sueoiLiit  of  tlieir  gi'eat  similarity,  both  fltihst4Uic«s  are  not  usually  ]ire|jai^Ml 
fn>in  liltKHl-plasinu.  Fibrtfivfjin  ik  pre|ian/d  ham  seroua  trmisudatioiis  {pericanliul, 
abdoiniiiali  or  pleuritic  fluid,  or  the  fluid  of  hydrwele)^  ^liieh  contain  no  fibrimv 
plastin.  Fihrim^jifasUn  is  most  readily  iiri-parud  fK«ni  serimij  in  which  t!iere  is 
still  iJeiity  of  fihrina-pkritiii,  but  no  tibrinn^^cji. 

2.  Preparation  of  Fibriao-plastin,  Seruin-|^lobiilin,  or  ParaglobuliiL — (a) 
Dilute  blood'Serum  with  twL4ve  times  its  volume  of  iee-cold  water,  and  ahnost 
neidralise  it  \v'ith  acinic  aeid  [add  4  drops  of  a  25  [rt  cent,  solution  of  acetic  acid 
tu  cvi^ry  120  c.c.  nf  dihitcd  senun]  ;  or  {(*)  pass  a  stream  nf  carbon  dioxide  through 
the  dilutctl  serum,  which  Hmm  becomes  turbirl ;  after  a  time  a  line  white  piwder, 
copi*nis  an<l  i^ranular,  is  jtrt'cipitalrd. 

[(c)  Method  of  Hammarsten  for  Serum-globulin^—'All  the  scrum-globulin  in 
serum  is  nt)t  preei  pi  tilted  either  by  atldin^'  acetic  acitl  f>r  by  CO.^.  Hamniursti^n 
fotmd,  however,  tliat  if  crysUiLs  of  niagnesivnii  sulphate^  be  added  to  comidett* 
saturation,  it  preeipitat-es  the  serum -globulin,  hut  does  not  precipitates  serum- 
album  in  :  senim-gleihulin  is  luore  abunilant  tlian  scrum-alhumin  in  tlie  s3<?rum  of 
the  ox  and  Imrse,  wliile  in  man  and  the  rabbit  the  reverse  obtoins  ;  (etanpare  §  32).] 

Schrniilt  Aamd  tlifit  100  c.c,  of  thu  serum  of  ox  lootl  yieldtid  07  to  0  8  ^vm.  ;  horde's 
aenim,  0*3  to  0*56  ^rm.  of  dry  6brino*plaatin.  FIbrino-plastm  occara  not  only  in  strain,  hut 
also  ia  n-d  l>Iood-coquiiielcsy  ia  the  Hiiids  of  uonnectivti-tissuej  and  in  tlio  jaicLS  of  the  cornea. 

3.  Preparation  of  Pibrinogea. — This  is  Vmst  preiKiruil  froin  hydrocele  fluid, 
although  it  nray  also  be  ubtnined  from  tlie  fluids  of  serous  cavities,  e.g.j  the  pleura, 
pericaitlium,  or  peritian  uiu.  It  il<*es  iKit  exist  in  blood-scrum,  although  it  does 
exist  in  blood-idasma,  tympli,  juid  chyle,  fr<»m  which  it  may  be  obtained  by  a 
stream  of  Ct.\>,  after  the  jxiraglohuhn  is  precipitfited.  (a)  I>ilute  hydntccle  fl^dtl 
with  ten  to  flfteen  times  its  vohuue  of  waWr,  and  pass  a  stream  of  C0.>  through  it 
for  a  long  time.  (//)  Aild  jMnvdered  mmtmrn  saft  to  saturation  t^:>  a  serous  transudatinn, 
\vhen  a  stir  ky  glntiuiais  (not  very  abundant)  precipitate  of  fibnnogeii  is  obtjiineil. 

[Hatamaraten  and  Eichwald  find  that,  filthoogli  pamfrlobuliti  and  libriuogL^n  are  soluble  iu 
solutions  of  com  moo  salt  (conUiniug  &  to  8  pc^r  cent,  of  the  salt),  u  saline  solution  of  12  to  16 
per  cent  is  reqiiired  to  precii'itate  the  fibrinogen^  leaving  still  in  solution  paraglobulin,  wbirli 
la  not  precipitated  until  the  amount  of  Bftlt  excecda  20  jK-r  ccut.] 

Properties  of  the  so-called  Fibrin-Factori.— They  are  insoluble  in  inire  water, 
but  dissolve  in  wtiter  containing  ( »  in  solution*  IVdh  are  siduble  in  very  dilute 
alkalicH,  f,(^.,  eaiistic  sLnla,  and  are  j^reei  pita  let  1  from  tliis  s<dution  by  CO.,.  Tbey 
are  solnble  in  ililute  saline  sohitionsj  e.j/.,  of  common  salt — like  all  glolndins — but 
if  a  certain  amount  of  common  salt  and  s^mie  other  si\ltB,  e.g,y  MgSO^,  lie  added  in 
excess,  they  are  jireeiiatated.  Vi*ry  dilute  hydrochloric  acid  dissolves  them,  Imt 
after  several  hours  they  become  changed  into  a  body  resendiling  syntonin  or  acid- 
albumin  {§  249,  111.).  Fibrinogen  held  in  solution  by  common  salt  eoagidates  at 
52*  to  55"  C.  [Fredericq  flnds  the  fibrinogen  exists  a.^  siteJi  in  the  plasma ;  it 
coagidatt's  at  -56"*  C,  and  the  jdasma  thereafter  is  uncoagulable  spontaneously.] 

i.  Preparation  of  the  Fibrin-Ferment— (a)  Mix  blooibserum  (ox)  ivith  twenty 
times  its  vidunie  of  strong  alcohol,  ami  after  one  month  filter  ofl'  the  deposit  thereby 
prcxluced.  The  deposit  on  the  Alter  consists  of  eoagulatetl  insoluble  albumin  and  the 
ferment ;  flry  it  carefully  over  sulphuric  acid,  and  reduce  to  a  |Hiwder.  Triturate 
1  gram  of  the  jwiwder  with  65  c.c.  of  water  for  ten  minutes,  and  filter.  The 
ferment  is  dissolved  by  tlie  water,  and  ptisses  through  the  filter,  while  the 
coagidatcd  albumin  remains  liehind* 

[{b)  Oftmgee'a  Method.— Buchanan's  "washed  blood -dot* '(p.  39)  is  digested  in  an  8  per  con  t 
Bohition  of  conuatio  salt.  The  iiolution  so  obtained  possesses  in  an  intense  degrte  the  properties 
of  Sch  mill  t  's  fi  h  ri  n  -  f crnj  ont.  ] 
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In  thv  urejkaration  of  librino-plnstiii,  the  rcnuLnit  is  carried  dovvu  wilh  it  medmnically.  The 
ftimcnt  seems  to  be  formed  tivst  in  fluids  outsiilo  the  body,  very  proUably  l)y  the  disjoint iod  of 
the  colourlesks  corpuscles.  Jlore  fenneiit  is  fornio<l  in  the  blood  the  loDfjer  the  interval  between 
iU  being  shed  and  its  congulaliou.  It  is  destroyed  at  70"^  C.  Bloud  tlowiog  directly  from  an 
artpry  into  alcohol  contains  no  ferment.  It  is  also  fonoeil  in  olber  pjotofdnsiuie  (mrta 
{IltittMhtnbafhjt  f.g.^  in  dead  mn»cle,  brain»  supra-renal  capsule,  sperinatozna,  testicle  [Foii  and 
Pciktmni),  and  in  vegetable  micro-organisms  {e.y.,  yeust]  and  j»Tolozoa  {ih'ohmann\  [so  that  it 
notild  seem  to  he  a  general  prodvK't  of  protoplasm.  As  the  fernvent  does  not  pro-exijit  in 
eolourioss  hlooil-corpnscleaj  it  .seema  to  be  formed  from  some  molher-subiilRnce  in  them,  the 
blood-plasma  itself  decomposing  this  substancf.] 

GoagulAtion  Experiments. — According  to  A.  Schmidt,  if  pure  solutions  of  (I)  fibrinogen,  (2) 
6bHao*plastin,  and  (3)  fibrin- ferment  he  mixed »  fibrin  is  foruied.  [As  we  have  aheady  seen,  (2) 
i«  not  easentiah]  The  process  goes  on  l>est  at  the  temptTflture  of  the  liody  ;  it  is  delayed  at  0"  ; 
and  the  ferment  is  destroyed  at  the  boiling*ix>int.  The  presence  of  O  seems  necessary  for 
coagtdation.  The  amount  of  the  ferment  aii|M?ars  to  be  immaterial ;  large  qnantities  produce 
more  rajiid  erkagnlation,  but  the  amount  of  tibrin  formed  is  not  greater. 

[Foa  ami  rellacnni  ilnd  that  a  hi  tyred  watery  txtraiit  of  fresh  braiUj  supra-renal  capsules, 
testis,  thymiLs,  and  souie  other  tisanes^  when  injeeted  into  the  bluod-vessfls  of  a  rabLit,  can  sea 
coagnlat ion  of  the  blood  iu  the  piilmoufliy  circulation  and  the  Iteart,  death  being  caused  by  the 
action  of  a  substance  idt'iitiral  with  the  hbrin-fermenL] 

[Katune  of  the  fihriii-fermeiit.  — It  la  a  proteid  belouging  to  the  gioup  of  the  globulins,  and, 
according  to  Halliburton,  it  has  the  projierties  of  a  cell-globiiUn,  i.e.^  a  globulin  obtained  from 
the  disintegration  of  cells,  c.g.^  bui'ocytcs  or  lyniidicor-pusclea  (p.  3S).  The  fibrin- ferment  m 
(almost)  identical  with  tliis  celbglobulin.  A  very  considerable  quantity  of  active  hlood-feiment 
nmy  be  injected  into  the  blood-vessels  of  a  living  animal  without  causing  coognlation  within 
the  blood- vesiiels.     It  may  he  that  the  ferment  is  destroyed  uitliin  the  x^ascular  system-] 

[What  the  exact  nature  of  the  action  of  hbrin'rerment  is  on  the  tibrinogen  in  shed  blood  we 
do  not  know;  but  the  amount  of  hbrin  formed  is  always  slightly  less  than  the  anrootit  of 
tibrinogen  acted  on,  there  being  always  fanned  a  small  amount  of  another  globulin.  If  the 
solution  of  hbrin  ferment  be  boiled,  ail  its  coagulation-detei'mining  j>vu[Kn1ies  are  at  once  and 
permanently  destroyed.  ] 

The  amotiBt  of  salts  present  has  a  reniarka1)le  relation  to  coagulnti«  >ii.  Unless  a 
certain  aiiiount  of  siilts  \w  jirei^ent  in  the  fluid  (1  per  trnt,  XitCl)^  cniigii!atii>n 
Uik<'s  jdace  slowly  '»r  i>nrtijiily.  Freurnl  has  shown  tliat  the  proce^  of  coagulation 
is  always  iktoiii pained  l>v  nu  excretion  oi  jdios]dmte.s  <»f  the  alkaline  earths*. 
Filnin  eontnins  a  constant  amoniit  of  pliosplmtes  of  the  alJialiiie  earths  (p.  3G). 
CiHignhihle  flu  ills  coagulate?  after  the  addition  of  tlie^e  suits  ;  they  d<j  not  eoagnlnte 
ni  tlic  ahsciice  of  these  iialts.  The  aetion  of  a<lhesioii  {i>.  37)  in  aceelerating 
ctjagnlation  is  .H^iiil  to  dcpi  iid  <in  thc^  nrciinvnce  rif  the  interaction  dorin*^^  life  of 
the  phosphorie  aeii!  or  alkaline  p]n>sphate.s  present  ,s[>eci)illy  in  tlie  eelinlnr  elements 
of  tlie  IdiHHl  witli  the  lime  and  magnesia  salt^  proHent  e8peei!il]y  in  tlie  pla-snia. 
[Green  fituls  that  ealcintn  sulp]iat<^  brings  alK»\it  coagulation  in  phisma  %vhicli  tihows 
little  or  no  tendency  to  clot,  while  coagnlaiioti  in  its  absence  is  almost  or  quit** 
prevent!  d.] 

[Ringer  and  Sainshury  have  studied  the  intliience  of  salts  on  the  clotting  of  hlooJ  (and  *l»o 
certiin  pathological  fluids,  c.g.^  of  ascites,  hydrocele  fluid,  and  milk).  They  contlnu  Green's 
statement  that  calcium  sulphate  is  an  essential  to  the  act  of  clotting,  hut  thyy  liud  that  calcium 
chloride  also  acta  very  etiieiently  in  deti^rmining  coagulation.  The  salts  of  strcuitium  and 
Imrium  act  like  those  of  calcium  sulphate,  but  are  less  powerful.  The  sci.lri  and  potash  salta 
(NaCl  and  KCl),  on  the  other  hnnd^  reiiitrain,  jxrolong,  or  prevent  the  net  of  coagnjation  ;  but 
the  soda  salts  are  rather  more  powerful  than  the  potassium  salts.  The  addition  of  lijne  salts 
overcomes  the  restraining  inlluence  of  the  soda  und  potsish  salts,  so  that  there  is  an  antagonism 
between  the  snlts  of  lime  on  the  one  baud,  ami  of  potassium  ami  sodium  on  the  other,] 

WHicn  blnncl  or  blood-plasma  eongnlatcs,  all  the  tibiinogen  is  osed  nj*,  so  that  the 
sernm  contains  tjnly  fibrino-plastin  and  fihrin-fcrinent;  hence  the  mldition  of 
hytlrocele  fluid  (whicdi  contains  fibrinogen)  to  serum  causes  coagulation. 

[Hammarsten'i  Theory  of  Coagulation.^Hainmarst^^'n's  researches  led  him  to 
bc^lieve  that  hlirino-idastiti  is  qnit4_^  nnncces.SHiry  for  coagulation.  According  to 
him,  tihrin  is  formetl  from  onr:  lindVj  viz.,  fibrinogen,  whicfi  is  piresent  iji  plasma 
when  it  is  acted  tiiM>n  }^y  tljc  fibrin-ferment;  tTie  latter,  liowever,  has  not  been 
obtained  in  a  pure  stiit^'.     Neither  he  nor  Sehmitlt  a.'^sert  thiit  this  \>\n\y  is  of  the 
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nature  of  a  fcrmiMit,  although  they  n&^  the  t^?rni  for  conveuienee.  It  is  quite 
certain  that  hhriii  imxy  hi*  luriueil  when  no  lihtrmo-pkistin  is  present,  coagiilati<»n 
being  caused  hy  tlie  adilitiun  ^if  caleie  chloriile  or  i^asein  |irf_^pareil  in  a  ?i]>eeial  way. 
One  of  the  conflitions  ueressary  for  the  actimi  of  lihi'iu-li^nuenl  on  tihrinngeii 
seeiua  to  be  th<'  ]>re>senee  (if  neutral  f<alty.  If  thr  latt<T  be  completely  removed  the 
formation  of  fibrin  does  not  take  plaee.  Liuif  ,'itilt^  ^eeni  to  b<^  in  Braue  way 
eseeutial  to  the  process,  e.ff.^  ealeie  .sulphate,  while  others  attach  iinportauce  to  tlu* 
presence  of  XaCL] 

SThe  main  drift  of  the  for<%T(ang  evidener  ]M«int*i  to  the  preseuee  of  one  proteid 
Lbrmogen — whieli  exists  dissolvetl  in  the  hlood-pla>tnia,  and  whirb  under 
t^ertain  eireunistsineeii  yields  tihriu.  In  shed  lilood  tins  tiet  seems  t^i  lie  det-^'rndiieil 
by  a  ferment,  pc^rhaps  tlerived  from  the  disintegration  oi  eidourless  eorjaisele.^ 
(an*!  blood-platelets  ?) J  whieh  oeeurs  when  hlood  is  slied.] 

[It  tnuBt  not  he  forgotten  that  the  presence  of  certain  salts  seems  necessary  t^j 
the  act  of  coagulation.  As  the  i|uestiou  at  present  stiinds,  three  factors  are  recog- 
nised in  the  ei|uatioii  : — 

(1)  A  coagidable  jiroteid  {fibrinogen). 

(2)  A  ferment. 

(3)  Certain  sidts. 

Up  till  recently  tlie  first  two  have  attracted  the  gi'eatest  amount  of  att4.^ntiont 
but  that  the  third  factor  is  also  an  imiwrtant  one  is  shown  by  tlie  above-mentioned 
researches.  ] 

30.  SOURCE  OF  THE  FIBEIN-FACTOES— Ah  8cliiiiidt  luaiataius  that  all  tlie  tht^e 
8uhslttncc4  oviL  of  wlitcli  tibriu,  according  to  hiai,  is  foraed  arise  from  the  hreakiag  up  of  colour- 
leas  blood 'Corpascles.  la  the  hlcwid  of  niau  and  mammals  fibrinogen  existB  dissolved  ia  llit? 
circulatiag  14ood  as  a  diaaolutioa -product  of  the  retrogreasive  cLanges  of  tlie  white  corpnscks, 
Flusma  contains  diSHolved  fibrinogen  and  scrum  albumin,  Tlie  circulating  blood  is  very  rich  in 
colourtesfk  blood-corfniscles — nmeli  riclier,  imleed,  than  was  fomiurly  BUj>jio&ed.  As  soon  sa 
blooil  is  shed  from  an  artery,  euormoaa  numbers  of  the  colourless  corpuscles  arc  dissolved— 
accordiug  to  Al,  Schmidt,  717  per  cent,  (borse).  First  the  hody  of  the  cell  di8appears»  and 
then  the  nucleus.  The  productd  of  their  dissolntion  are  dissolved  in  the  plnsma,  and  od*  of 
tbeee  products  is  fibrinoplasliH,  At  the  same  lime  the  fibrin -ferment  is  also  produced,  so  that 
it  would  seem  not  to  exi<«titi  the  intact  blood-cornuaeles.  Fibrinoplaatin  and  fibrin -ferment  are 
also  produced  b}^  the  *^*  (rtJusfif ion  forms"  of  t>lood*eorpnsclt?s,  Lc,  tlmse  forms  which  are 
intermediate  between  the  red  and  the  white  corpuscles.  They  seem  to  break  u|i  immediftttly 
after  Wood  is  shed.     The  hkml-phxf^'ii  (p,  19)  are  also^  probably,  aourc«s  of  these  substances. 

The  leucocyti'.s  have  diflcrrnt  degrees  of  resistance  ;  thosfl  of  the  lymph  and  chyle  are  more 
resistant  than  those  of  the  blood,  and  amongst  the  latter  themselvea  there  are  various  degrees 

In  amphibiana  and  birds  the  jol  nucleated  corpuscles  rapidly  break  np  after  blood  Is  shed^ 
and  yield  the  suhstaneo  or  substances  which  form  fibriu.  A!.  Schnddt  convinced  himself  tbat 
in  these  nniniak  tibrinogt^n  is  originally  a  constituent  of  the  blood -co  I'puscles. 

It  is  clear,  therefore,  according  to  Schmidf  s  view,  that  as  soon  as  the  bloo<t-cor|>uack'H, 
white  or  red,  are  dissolved,  the  flbrin-factors  jiass  into  solution,  and  the  formation  of  fibrin 
by  the  interaction  of  the  tliree  substances  will  ensur. 

If  a  large  number  of  leucocytes  l>e  introduced  into  the  circnlation  of  an  animal,  the  leucocytes 
ara.dissolved  in  great  nnmlwrs  in  the  blood,  so  that  death  takes  place  by  diffuse  coagidatioii. 
Should  the  animal  survive  the  imniediato  danger  of  death,  the  blood,  owing  to  the  want  of 
leucocytes,  is  completely  inca liable  of  coagulating  {Orolk). 

[And.  Buchanan  thought  that  the  potential  element  of  bis  *' washed  hi ood -c  1  ot  *' resided  in 
the  colourlesa  torftuscles,  ''primary  cells  or  vesicles.*'  He,  like  Schmidt,  found  that  the 
bufly  coat  of  horses'  blood,  wliich  is  very  rich  in  white  corpuscles,  produced  coagitlation  rapidly, 
Buchanan  compired  the  action  of  his  washed  clot  to  that  of  rennet  in  coagulating  iiiilk.l 

Fathological. — Al.  Strhniidt  and  his  pupils  have  shown  that  ^ome  ferment,  probably  derived 
from  the  dissolution  of  colourlesa  corjmscles,  is  found  in  circulating  blood,  and  that  it  li  more 
abundant  ia  venous  than  in  arterial  bloody  while  it  is  moat  abundant  in  shed  blood.  It  is 
specially  remarkable  that  in  sepiic  fcvtr  the  amount  of  ferment  in  blood  may  increase  to  auch 
an  extent  as  to  f»era»it  the  occurrence  of  spontaneous  coagulation  (thiombosis),  which  may  even 
produce  death  (Am.  Ki*h!rr).  In  febrile  ciises  generally,  the  anmnnt  of  ferment  is  somewhat 
more  abnndant  {Edcfberg  and  Birl).     After  the  injection  of  ichor  into  the  blood  an  enomious 
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number  of  colourless  corpuscles  are  dissolved  {F,  Hoffmann).  The  injection  of  peptone,  Hb, 
and  to  a  less  degi-ee  of  distilled  water,  is  followed  by  dissolution  of  numerous  leucocytes. 

There  are  changes  in  the  blood,  constituting  true  blood  diseases,  in  which  the  physiological 
metabolism  of  the  colourless  corpuscles  is  enormously  increased,  so  that  the  metabolic  products 
accumulate  in  the  blood  {Alex.  Schmidt).  The  result  of  this  is  spontaneous  coagulation  within 
the  circulatory  system,  and  death  even  may  occur;  there  is  always  an  increase  of  tempera- 
ture.    After  such  a  condition  the  coagulability  of  the  blood  is  diminished. 

81.  FomiAtion  of  Fibrin. — After  several  observers  had  shown  that  the  red  blood -corpuscles 
(bird,  horse,  frog)  participate  in  the  production  of  fibrin,  Landois  observed,  in  1874,  unaer  the 
microscope  that  the  stromata  of  the  red  blood-corpuscles  of  mammals  passed  into  fibrin.  If  a 
drop  of  uefibrinated  rabbit's  blood  be  placed  in  serum  of  frog's  blood,  without  mixing  them,  the 
red  corpuscles  can  be  seen  collecting  together ;  their  surfaces  are  sticky,  and  they  can  only  be 
separated  by  a  moderate  pressure  on  the  cover-glass,  whereby  some  of  the  now  spherical  corpuscles 
are  drawn  out  into  threads.  The  corpuscles  soon  become  spherical,  and  those  at  the  margin 
allow  the  haemoglobin  to  escape  ;  the  decolorisation  progiesses,  from  the  margin  inwards,  until 
at  last  there  remain  masses  of  stroma  adhering  together.  The  stroma-substanco  is  very  sticky, 
but  soon  the  cell-contours  disap[>ear,  and  the  stromata  adhere  and  form  fine  fibres.  Thus 
(according  to  Landois)  the  formation  of  fibrin  from  red  blood-corpuscles  can  be  traced  step 
by  step.  The  red  corpuscles  of  man  and  animals,  when  dissolved  in  the  serum  of  other 
animals,  show  much  the  same  phenomena. 

Stronm-Fibrin  and  Plasma-Fibrin. — Landois  calls  fibrin  formed  direct  from  stroma,  stroma- 
fibrin ;  fibrin  formed  in  the  usual  way,  plasma-fibrin.  The  stroma-fibrin  is  closely  related 
chemically  to  stroma  itself ;  as  yet,  however,  the  two  kinds  of  fibrin  have  not  been  sharply 
distinffuisbed  chemically.  Substances  which  rapidly  dissolve  i-ed  corpuscles  cause  extensive 
coagulation,  e.g.^  injection  of  bile  or  bile  salts,  or  lake-coloured  blood,  into  arteries.  After  the 
iigection  of  foreign  blood  the  newly-injected  blood  often  breaks  up  in  the  blood-vessels  of  the 
recipient,  while  tne  finer  vessels  are  frequently  found  plugged  with  small  thrombi  (§  102). 

82.  CHEMICAL  COMPOSITION  OF  PLASMA  AND  SEBUM.— I.  Proteids 

occur  to  the  amount  of  8  to  10  per  cent,  in  the  plasma.  Only  0*2  per  cent,  of 
these  go  to  form  fibrin.  After  the  formation  of  the  tihrin  the  plasma  is  converted 
into  serum.  The  sp.  gr.  of  human  serum  is  1027  to  1029.  It  contains  several 
proteids.  [According  to  Hammarsten,  human  serum  contains  9  207  per  cent,  of 
solids, — of  these,  3*103  =  serum-globulin,  and  4*516  =  serum-albumin,  i.e.,  in  the 
ratio  of  1  :  1*511.  In  horse-serum  the  proportion  is  4  5  :  2*6,  in  ox-serum 
4*16  :  3*329,  and  rabbit-serum  1*78  :  4*43.  The  total  amoiuit  of  proteids  in  bldoil 
seems  to  be  much  more  consttuit  than  an*  the  relative  proportions  of  serum-albmnin 
and  serum-globulin  {Salcioli).'] 

[The  following  table,  compiled  by  Gamgee  from  Hammarsten's  researches,  shows  that  the 
proportion  of  serum-globulin  to  serum-albumin  varies  remarkably  ;  in  some  cases  serum- 
globulin  is  the  most  abundant  proteid  in  the  serum  of  some  animals,  while  in  others  it  is  the 
reverse : — 


Variety  of  Serum. 


I 


Total  solids 
in  100  parts. 


Total  pro- 
teids in  100 
parts. 


Serum - 
globulin  in 
100  parts. 


'      Serum- 
I  albumin  in 
lOOpartA. 


I 


Lecithin, 

fat,  salto. 

<fcc.,  in  100 

parts. 


Katio  of 
Scrum- 
globulin  to 
Serum- 
albumin. 


From  blood  of  horse, 
,,  ,,      ox,    . 

„  „      man, . 

„  ,,       rabbit, 


8*597 
8*965 
9*207 
7-525 


7*257 
7*499 
7*619 
6*225 


4*565 
4-169 
3*103 

1*788 


2*677 

3*329 

'      4*516 

'      4*436 


I 


1*340 
1*466 
1*587 
1*299 


1  : 0-591 
1  :  0*842 
1  :  1*511 
1:2*5    ] 


(a)  Senun-globulm  or  Paraglobulin  (2  to  4  per  cent.).  If  crystids  of 
magnesium  sulphate  be  added  to  saturation  to  serum  at  35 "*  C.,  serum-globulin  is 
precipitated,  but  not  serum-albumin.  It  is  soluble  in  10  per  cent,  solution  of 
common  salt,  and  coagulates  at  69-75°  C.  Its  specific  rotatory  power  is  -  47°'8 
{Fredericq). 

[Serum-globulin  was  described  by  Panum   under  the  name  of   "serum-casein";  by  Al. 
Schmidt,  as  **fibrino-plastic  substance"  ;  and  by  Kuhne,  as  ^* paraglobulin."] 
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(b)  Semm-albumin  (3-4  per  rt^iit).  Its  dilution  l>e^qii a  U*  W  tiirViid  at  60'  C, 
nnil  coagulation  occurs  (it  73*  C,  tlic  Hiud  becoming'  slightly  more  alkaline  at  the 
Hanio  tiiiic.  If  soiliutii  thhiride  he  caiitioii?<lv  aihled  to  serum,  the  coagulating 
teiiipeniture  may  he  loweivtl  to  oO"*  C  Its  spt^citic  rotatury  power  is  from  -  62*6 
10-64*5"  (Siarle).  It  is  ehaoged  into  ^yn  ton  in  or  aeid-alhnniin  hy  the  action  of 
dilnte  HCi,  mid  hy  dihitc  ulkulics  int<*  alkali-alhuminate* 


[Effects  of  Btarvation.^Starviitioa  dimiiiialu^i*  tbe  qunutity  of  albumin,  and  increases  the 
tjOLiutity  of  globuhn.  During  the  time  a  Rhino  sahiiou  is  in  fresh  water,  it  eats  notldng ; 
too  Tiiuselos  lose  30  per  cent,  of  their  weight,  and  llu;  testi-s  and  ovflrios  inerease  ut  tho  expense 
of  the  imiselea  {Miesdtcr}t  and  at  the  sanaii  tinto  th«  glohidiun  of  the  blood^closely  related  to 
the  globalitis  of  muscle— are  iocrcased  in  amount,  the  maiiniiim  of  tbia  increase  corresponding 
to  tht]  maxhuurn  growth  ot  tbe  ovary  {Bitfttje).  Tbe  globulins  aii?  intirtost'd  at  the  exijenae  of 
the  aibymius.] 

Sermnalbuiiun  is  absent  from  the  blood  of  starving  tiniikea  (the  alimentary  canal  being 
empty),  and  leappean*  aCter  tliey  are  fed  {Tirgtlj^  so  that  in  a  digesting  snake  tbe  blood 
contains  both  j>roteitl?i, 

[Sormn- Albumin  t\  Egg-Albumin.— Altlrougli  aernni- album  in  is  closely  related  to  egg- 
alhvmiiu,  tliey  ditftT — (a)  as  regards  their  action  npon  polarisid  ligbt  ;  {b}  the  precipitate  pro* 
duciiil  by  adding  HCI  or  HNOj  ia  readily  soluble  ia  4  e.c.  of  the  reagent  in  tbe  eai<e  of  ecratn* 
albumin,  while  the  preci[>itate  in  egg-albumin  is  dissolved  \vitb  very  great  dilliciilty  ;  (c)  eg^- 
albuiain,  injected  into  the  veins,  is  excreted  ia  tlic  urine  os  a  foreign  body,  wbile  sei-um-albumni 
ii  not;  (d)  serum-albumin  u  not  congnlflted  hy  fth(?r,  while  egg-albamin  is,  if  the  %4olutioti  is 
not  alkaline  (g  2i9}.  Serum-albumin  has  nevrr  been  obtained  free  from  salts,  even  wlien 
dUlysed  for  a  very  long  tiniej 

After  all  the  si^nim-globuliu  in  serum  is  precipitated  by  magnesium  sulphate,  serum>albumin 
atill  remains  m  solution.  If  tbis  scdution  be  heated  to  40  or  50*  C.  a  copious  precipitate  of 
nou'coagulated  si^runialbuinin  iis  obtained,  wbieb  is  soluble  in  water.  If  the  aerum-albinnin  ha 
filtered  from  tUe  fluid,  ami  if  the  clear  fluid  be  heated  to  over  60"  C,  Frederieq  found  that  it 
becomes  turlnd  from  the  precipitation  of  otiier  proteids  ;  the  amount  of  these  other  bodies, 
bowi  v»  r,  h  J+mrill. 

[Proteidfl  of  the  Serum. — Hallihnrton  has  shown  Ijy  the  method  of  ^'fractioaal 
heat-ooa^ulation"  {Le.j  im-ertaining  the  t4?ni|ierature  at  which  a  proteid  is 
coagulated,  filtering  the  fluiiland  again  heating  the  iiltrate  to  a  Ingher  tenii)emture), 
that  from  the  same  tluiil  p>erhaps  two  or  more  proteid8,  all  with  dilierent  tem])era' 
tnres  ijf  eoagnlation,  may  ha  ohtainciL  Care  nnist  he  tjiken  to  keep  the  reaction 
i'<m.st;int.  He  finds  that  serum-glohuHn  enagidat^'s  at  75X1,  while  serum-alhumin 
in  reality  consists  of  three  pjrnteids,  wtiich  coagulate  at  diifcrent  tomperatttres:  (a) 
at  7S%  (p)  at  77",  and  (y)  at  84    C] 

[Precipitation  by  Salts.— Sulphate  of  magnesia  not  only  precipitates  senimglohulin,  but  also 
fibrinogen.  The  fluid  must  be  shaken  for  several  hours  t-i  get  complete  saturation.  Sodic 
aulph.ite,  when  added  to  scrum  deprived  of  it^i  globulin  by  MgSOj,  preiapitates  senmi -albumin, 
but  it  pradnces  no  precipitate  with  pure  serum*  In  this  way  serum-albumin  may  be  obtained 
in  a  pure,  uucoagulated,  and  still  soluble  condition.  Serum-globuliD  is  thrown  down  hy  sodic 
nitrate,  acetate,  or  carbonate  ;  while  all  the  ]iroteida  of  the  serum  are  precipitated  by  potai^ic 
acetate  or  phosphate,  and  the  same  result  is  brought  about  hy  adding  two  salts,  eg.,  ilgSO* 
and  Na^jSO^  (in  this  case  soiho-mngnesia  sulphate  ia  formed)  ;  MgSOi  and  NaNOj  ;  MgS04  and 
KI  ;  NaCl  and  Na^SO^.  After  serum -gkibuHn  is  thrown  tlown  by  MgSOi,  the  addition  of 
IktgSOi  and  Ns^SOj  or  the  double  sidt,  precipitates  the  serum-albumin,  which  is  still  soluble  in 
water.  Ai  sulphate  of  ammonia  ]»recipitatcs  all  the  prot^dds  except  j^eptones,  it  may  l>e  used 
[Ifa/lifmrfotil] 

[The  pladma  of  Invertebrata  (ilecapoil  crustaceana^  some  gasteropods,  cephalopods^  kc.)  clota 
like  vert«brrtt*.t  blood,  and  contains  fibrinogen,  but,  in  addition,  there  is  found  in  it  a  substance 
corresponding  to  hanioglohin,  and  called  by  Frederico,  hromocyanin.  It  exists  like  Hb  in  two 
conditions,  one  redncfd  and  the  other  oxydia^moi-ynnm,  tlie  former  being  colourless,  the  latter 
blue.  In  its  general  characters  it  resembles  lib,  although  it  containa  copper  instead  of  iron, 
and  given  no  [ibsorptiou-bunds  (Halfibttrtou).  In  the  blond  of  some  decapod  crustai'catjs  theto 
ia  a  reddish  pigment,  tetronefythriii,  which  is  identical  with  that  in  the  exoskeleton  and 
hypoderrn.  It  belongs  to  the  group  of  lipochromes,  hke  some  of  the  pigments  of  the  retimi, 
The  hannocyanin  is  respirator)''  in  function,  and  it  is  remarkable  that  it  is  contained  in  tlio 
plasma,  and  not  in  the  foinied  elements  like  the  Itb  of  vertebrates.  So  that,  stated  broadly, 
tu  these  invertebrates  tbe  plasma  is  both  nutritive  and  respiratory  in  its  functions,  while  in 
vertebrates  the  red  cor|mseles  chiefly  are  respiratory  and  the  plasma  nutritive.] 
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IL  Pats  (0-1  to  0-2  per  cent.). — Neutral  fats  (tristearin,  tripaliiiitin,  triolein) 
occur  in  the  blootl  in  the  form  of  small  microscopic  granules,  wliich,  after  a  meal 
rich  in  fat  (or  milk),  render  the  serum  quite  milky. 

[The  amount  of  fat  in  the  serum  of  fasting  animals  is  about  0*2  per  cent. ;  during  digestion 
0'4  to  0'6  per  cent ;  and  in  dogs  fed  on  a  diet  rich  in  fat  it  may  be  1*25  per  cent.  There  are 
also  minute  traces  of /a^j^  acids  (succinic).  Kbhrig  showed  that  soluble  soaps,  i.e.,  alkaline 
salts  of  the  fatty  acids,  cannot  exist  in  the  blood.  Gholesterin  may  bo  considered  along  with 
the  fiEits.  It  occurs  in  considerable  amount  in  nerve-tissues,  and,  like  fats,  is  extracted  by  ether 
from  the  dry  residue  of  blood-serum.  Ho})pe-Seyler  found  0*019  to  0-314  per  cent,  in  the  serum 
of  the  blood  of  fattened  geese.  There  is  no  fat  in  the  red  blood-corpuscles.  Lecithin  (its  de- 
composition-products, glycerin-phosphoric  acid  and  protagon)  occur  in  serum  and  also  in  the 
blood-corpuscles.  ] 

IIL  Traces  of  Grape-Sugar  [0  1  to  0-15  i)er  cent,  (more  in  the  hepatic  vein, 
0'23  per  cent)]  derived  from  the  liver  and  muscles,  and  increased  afti»r  haemorrhage 
(§  175)  ;  some  glycogen,  and  another  reducing  fermentiitive  .sul)stance. 

The  amount  of  grape-sngar  in  the  blood  increases  with  the  absorption  of  sugar  from  tlie  in- 
testine, and  this  increase  is  most  obvious  in  tlio  blood  of  t\\e  portal  and  hepatic  veins  ;  there 
is  also  a  slight  increase  in  the  arterial  blood,  but  there  it  is  rapidly  changed.  The  presence  of 
sugar  is  ascertained  by  coagulating  blood  by  boiling  it  with  sodium  sulphate,  pressing  out  the 
fluid,  and  testing  it  for  sugar  with  Fehling's  solution  (CI.  Bernard),  Pavy  coagulates  the  blood 
with  alcohol 

IV.  Extractives. —Kreatin,  urea  (0*016  i^ercent,  increased  after  nitrogenous 
food),  succinic  acid,  and  uric  acid  (more  abiuidant  in  gouty  conditions),  guanin  (?), 
carbamic  acid,  sarcolactic  acid,  all  occur  in  very  small  amounts. 

V.  Salts  (0*85  per  cent.),  especially  sodic  chloride  (0*5  per  cent.)  and  sodic  car- 
bonate.  [It  is  most  important  to  note  that  the  soda  salts  are  far  more  abuntlant  in 
the  serum  than  the  potassium  salts.  The  ratio  may  he  Jis  high  as  10  :  1.] 
Animal  diet  increases  the  amount  of  salts,  vegeti\ble  food  diminishes  it  temix)- 
rarily. 


Sodic  Phosphate,       .        O'lS  i)er  1000 
Calcic  Phosphate,      .      Vn.To 
Mttgnesic      „  .      /"'^ 


Salts  in  human  blood-senim  {Hoppe-Seyler). 

Sodio  Ohloride,  .  4*92  per  1000 

„     Sulphate,  .        0*41        ,, 

„    Carbonate,  0*21        ,, 

If  laige  quantities  of  salts  are  introduced  into  the  blood,  they  almost  entirely  disappear  from 
the  bloixl-stream  within  a  few  minutes,  chiefly  by  di (fusion  into  the  tissues.  They  are  gradually 
eliminated  by  the  kidneys.     The  same  is  true  of  sugar  and  peptones  (Ludwig  and  Klicowicz). 

VL  Water  about  90  per  cent. 
VIL  A  yellow  pigment. 

The  {Hgment  may  be  extracted  with  methylic  alcohol.  It  shows  two  absorption-bands  of  a 
lipochrome  like  lutein  {Krukenberg).  Thudichum  regards  the  pigment  of  the  serum  as  lutein  ; 
lulv,  as  hydrobilirubin  ;  and  MacMunn  as  choletelin. 

[FoiaonoQB  Bloodpsemm. — The  blood-serum  of  the  following  genera  of  fishes— Anpiilla, 
Maraena,  and  Conger — acts  as  apowerf  ul  poison.  Mosso  cal Is  the  noifionous  substance ichthito^n. 
A  dose  of  0'02  c.c.  per  kilogramme  weight  of  a  dog  is  fatal.  Tlie  action  of  this  body  is  analo- 
gous to  that  of  snake-poison.] 

Sa  THE  OASES  OF  THE  BIMD.— Absorption  by  Solid  Bodies.— A  considerable  attraction 
exists  between  the  particles  of  solid  porous  bodies  and  gases,  whereby  the  latter  are  attracted  and 
condensed  within  the  pores  of  solid  bodies,  i.e.,  the  gases  are  absorbed.  Thus,  1  volume  of 
boxwood  charcoal  (at  12°  C.  and  ordinary  barometric  pressure)  absorbs  85  volumes  CO^,  9*4 
vol.  0,  7*6  voL  N,  175  vol.  H.  Heat  is  always  formed  when  ga^es  are  absorbed,  and  the 
amount  of  heat  evolved  bears  a  relation  to  the  energy  with  which  the  absorption  takes  place. 
Non-porons  bodies  are  similarly  invested  by  a  layer  of  condensed  gases  on  their  surface, 

^fjPlllidl. — ^i^UMb  can  also  absorb  gases.  A  hiown  quantity  of  fluid  at  different  pressures 
always  absorbs  the  mme  volume  of  gas.  Whether  the  pressure  be  great  or  small,  the  volume  of 
the  gas  absorbed  is  equally  great  ( JF,  Henry).  But  according  to  Boyle  (1662)  and  Marriotte's 
law  (1679)  on  the  compression  of  gases,  when  the  pressure  within  tlie  same  volume  of  gas  is  in- 
creased, the  volume  varies  inversely  as  the  pressure.  Hence  it  follows  that,  with  varying 
pnmusif  the  volume  of  gas  absorbed  remains  the  same,  but  the  quantity  of  gas  (iccight)  is 
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dirteiljf  proportional  to  the. prensturc.  Jf  the  pressure  =  0,  the  weight  of  the  gas  ah^rbed  must 
aliio  =-0,  As  A  necessary  result  of  thi«,  we  see  that  (1)  fiiiid4  can  be  freed  of  th^ir  absorbed 
fjttjifs  tit  a  VfifUitnt.  mul*  r  an  nir-pamp. 

Ooefflcient  of  Absorption  mtzatis  i\\a  x>oiuni£  of  it  ^s  (0"  C.)  which  is  absorhc'd  hy  a  unit  of 
volume  of  a  liquid  (at  7tjt>  mm.  Hfj)  at  a  given  temperatun?.  The  vohiow  of  a  ^  absorbed, 
and  thcrefons  the  cocMcieut  of  libnorption,  is  f^uiteinde|)eiideijt  of  th«  pressure,  while  the  Mxiffht 
of  the  gas  IS  pro|>ortiouttl  to  it.  Trmprniiuir  has  an  iinportnut  iiiflLumce  on  the  toelhcieut  of 
Absorption.  With  a  low  temperature  it  ia  j^reatest ;  it  diniirnahes  a,s  the  tcniperature  inci^>ajies  ; 
and  at  the  boiiintj  /joiiU  it  =  0.  Heuee  it  follows  tliat — (2)  absodted  gotten  niay  be  expelUd 
fromjiukh  ^impftf  bij  cmvsuuf  the , fluids  to  boil.  The  eoedicieut  of  absorption  diminishes  for 
ditttjrent  fluids  and  gases,  Avitli  inei'easing  tctni>oratiire,  in  a  SfKCiaf,  and  by  no  means  unifomj, 
maiiiiyr,  xvbith  roust  be  determined  empirically  for  each  lii|uid  and  gas.  Thus  the  rcHfflicient 
of  [dHorptioii  for  COo  in  writer  diminishes  with  an  increajsiug  temperature,  while  that  for  H  in 
wator  rem  ill  lis  unchanged  between  0"  and  20'  C. 

Diff^uaion  of  &asefl.  — iiaaea  which  do  not  enter  ioto  chemical  combinationa  with  each  other 
mix  with  each  other  in  definite  Broj>ortiona.  If  the  necks  of  two  flasks  be  placed  in  communi- 
cation by  meaiia  of  a  glass  or  other  tube,  and  if  the  lower  tiaak  contain  CO^  and  the  upper  one 
H,  the  gases  mix  quite  iwh^jk^iufeniht  qf  fkrir  fajfcreid  n//ccifjc  tjrariiiea,  both  ga^ea  forming  in 
each  Hask  a  perfectly  uniform  mixture.  The  phenomeuou  is  called  the  d{ff*t»iOii  of  iftises.  If 
a  poriHt^  rnt^tnbntiit'  be  previously  inserted  between  the  gases,  the  exchange  of  giisea  still  goes  on 
through  thfl  membrane.  But  (as  with  eudoamosis  in  lluids)  the  gitses  pasa  with  une<iual  rapidity 
through  the  ]>oreii^  so  that  at  th«}  beginning  of  the  experiment  a  larger  amount  of  gas  i^  found 
on  one  aide  of  the  membnvne  than  on  the  other.  According  to  Graham,  the  rapidity  of  the 
dilfiHion  of  the  gascji  through  the  pores  is  inversely  proportional  to  the  Bquare  root  of  their 
itj>efilic  grjiviticH.     (Aecerdiug  to  BaiiHcn,  however^  this  L*  not  quite  correct.) 

Different  Gaaea  in  a  OaaebuB  Mixture  do  not  Exert  Pleasure  upon  one  another, ^Gasea^ 
therefore,  pass  into  a  af»ace  filled  with  another  gas,  as  they  would  |iai4a  into  a  vacuum.  If  the 
aurface  of  a  fluid  containing  absorbed  ^^ases  be  placed  in  contact  with  a  very  large  quantity  of 
another  gas»  the  absorbed  gase^  dilluse  into  the  latter.  Hence,  absorbed  gasea  can  m  removed 
by  {B)paMginf  a  Uremn  ofajwtAer  ifos  through  thcjtuid^  or  %  irierely  shaking  up  the  fluid  wUh 
another  g€U, 

Partial  Presaure. — If  tti?o  or  more  gatc9  are  mixed  in  a  closed  space  over  a  fluid,  as  tlie 
ditferent  giiscs  existing  in  a  gaseous  uuxture  exert  no  pressure  upon  each  other,  the  several  gaMa 
are  absorbed.  The  weight  of  each  absorbed  is  proportional  to  the  pressure  under  which  each 
gas  would  be,  were  it  the  only  gas  in  the  apace.  This  presjjure  is  called  the  portial  pressure  of 
a  gas  {Bujuien).  The  absorption  of  gases  from  their  mixtures,  therefore,  is  proportional  to  the 
partittl  preasure.  The  jxirtial  pressure  of  a  gas  in  a  apace  ia  at  the  same  time  the  expression  for 
the  tension  of  the  gas  absorbed  by  a  Huid. 

The  air  contains  0  2096  volume  of  Q,  and  07904  volume  N.  If  1  volume  of  the  air  be  placed 
under  a  pressure,  P,  over  water,  the  partial  pressure  under  which  0  is  absorljed=- 0^2096  P  ; 
that  for  N  — 0*7904  P.  At  0"  C,  and  760  mm.  pressure,  1  volume  of  water  absorbs  0^02477 
volume  of  air,  consiisting  of  0'008fl2  volume  O,  and  0*01615  volume  N,  The  absorbed  air 
contains,  therefore,  34  per  cent.  O  and  ti6  per  cent.  N.  Therefore,  imtcr  absorbs frma  th€  air  a 
mirtitn*  of  ffttjsfs contuhtijiif  ahnfcr  p*  txtniHt^c  if  0  than  the  air  it^tf 

SI  EXTkAOTION  OF  THE  BL(K)D  GASES.— [The  blood  to  be  analysed  must  be  collected 
over  mercury  so  as  to  avoid  contact  with  air»  This  is  done  by  means  of  a  special  apparatus, 
couaistiug  of  a  graduated  tube  tilled  with  mercury  and  communicating  with  a  glass  globe  also 
filled  witli  mercury,  which  can  be  lowered  as  the  blood  flows  into  the  graduateil  tube.]  The 
extraction  of  the  gases  from  the  bloml,  and  their  coUecLion  for  chemical  analysis,  are  carried  out 
by  means  <if  the  mercurial  pump  (€.  Lttdwty).  Fig  29  shows  in  a  diagrammatic  form  the 
arrangefiM'nt  of  Plldger  »  gas  irmni>. , 

Pflnger'a  Oaa-pamp. — It  coniiista  of  a  receptacle  for  the  blood,  or  *^  blood  bolb^*  (A),  ^  gfa$s 
globe  capable  of  containing  250  to  300  e.c,  connected  above  and  below  with  tubes,  each  of  which 
ifl  providcKl  with  a  stop-cock,  a  and  h  ;  ft  is  an  ordinary  stop-cock,  while  a  has  through  its  long 
axis  a  perforation  which  opens  at  *,  and  is  so  arranged  that,  according  to  the  position  of  the 
handle,  it  leads  up  into  the  blooil-hulh  (position  x,  a),  or  downwards  through  the  lower  tube 
(position  ^\  fr%  This  blood  bidb  is  first  completely  emptied  of  air  (by  mejins  of  a  mercurial  air- 
pump),  and  111  en  carefully  w^eighed.  One  end  (a;')  of  it  is  tied  into  an  artery  or  a  vein  of  an 
annual,  and  when  the  lower  stop-cock  is  placed  in  the  position  ^r,  a,  blood  flows  into  the 
raceptacle.     When  the  naaessary  amount  of  olood  i»  collected,  the  lower  stop-cock  is  put  into 
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the  position  x\  a',  and  the  blood-bulb,  after  being  eleene<l  most  carefully^  is  weighed  toasccrtaia 
the  weight  uf  the  junount  of  blood  collected*  The  second  jjart  of  the  apparatus  conaista  of  the 
froih^hamber,  H,  leading  u  [awards  and  downwards  into  tubes,  each  of  which  is  provided  with 
an  ordinary  stop-cock,  c  and  d.  The  froth-chamber,  as  its  name  denotes,  is  to  catch  the  froth 
which  is  formed  during  the  eneigetic  evolution  of  the  gasea  from  the  blood.  The  lower  aperture 
of  the  froth-chamber  is  connected  by  means  of  a  woU-grotind  tube  with  the  blood -bulb,  wiitle 
above  it  oommtmicatca  with  the  tlwrd  part  of  the  apparatus,  the  drying-chamber,  G.     This 
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consists  of  a  U-shaped  tube,  provided  below  with  a  small  glass  bulb,  which  is  half  filled  with 
sulphuric  acid,  while  in  its  limbs  are  placed  pieces  of  pumice-stone,  also  moistened  with  sulphuric 
acid.  As  the  blood  gases  pass  through  this  apparatus  (which  may  be  shut  off  by  the  stop-cocks 
e  and/),  they  are  freed  from  their  locUery  vapour  by  the  sulphuric  acid,  so  that  they  pass  quite 
dry  through  the  stop-cock,  /.  The  short,  well-ground  tube,  D,  is  fixed  to/,  and  to  the  former 
is  attached  the  small  haronutric  tube  or  manometer^  y,  which  indicates  the  extent  of  the  vacuum. 


Fig.  29. 
Scheme  of  Pfliiger's  gas-pump.    A,  blood-bulb  ;  a,  stop-cock,  with  a  longitudinal  perforation, 
opening  upwards ;  a\  the  same,  opening  downwards  ;  b  and  c,  stop-cocia  ;  B,  frotn-chamber ; 
d,  e,  f,  stop-cocks  ;  G,  drying-chambers,  containing  sulphuric  acid  and  pumice-stone  ;  D, 
tube,  with  manometer,  y. 

From  D  we  pass  to  the  pump  proper.  This  consists  of  two  large  glass  bulbs,  which  are  continued 
above  and  below  into  open  tubes  ;  the  lower  tubes,  Z  and  W,  being  united  by  a  caoutchouc  tube, 
G.  Both  the  bulbs  ana  the  caoutchouc  tube  contain  mercury— the  bulbs  being  about  half  full, 
and  F  being  larger  than  E.  The  bulb,  E,  is  fixed  ;  but  F  can  be  raised  or  lowered  by  means  of 
a  pulley  with  a  rack  and  pinion  motion.  If  F  be  raised,  E  is  filled  ;  if  F  be  lowered,  E  is  emptied. 
The  upper  end  of  E  divides  into  two  tubes,  g  and  A,  of  which  g  ia  united  to  D.  The  ascending 
tube,  A  (gas-delivety  tube),  is  very  narrow,  and  is  bent  so  that  its  free  end  dips  into  a  vessel 
containing  mercury,  v  (a  pneumatic  trough),  and  the  opening  is  placed  exactly  under  the  tube 
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for  collectiDg  tlio  gaaes,  tlie  eudiometer,  J,  which  13  also  filled  with  raercuty.  Where  g  and  H 
unit**,  there  is  a  two-way  stop-t^ock,  whidi  in  oau  pusition^  H,  ploees  E  in  coranmiiiefttion  with 
A,  H,  Ct,  D,  the  chambers  to  ^>n  exhausted,  nnd  in  i\w  position  K  shuts  olF  A,  li,  »i,  D,  and 
pldcca  the  bulb,  E,  in  eoTumnnieatiou  with  the  gEi3-delivt?ry  tuK',  ft,  aud  the  eiuJionieter,  J* 

B*  iu  t*  lire  eoiiHiletely  emptied  of  air  thuii : — The 
atop-cook  ia  placed  in  the  jiosition,  K  ;  raise  F  until 
diopg  of  Dieixiiiry  issue  from  the  fine  tube^  1'  (not  yet 
plfteed  under  J)  ;  place  the  atop-co4"k  iu  the  pomtiati 
li,  lower  F  ;  stop-cock  iu  position,  K,  and  ao  on  until 
the  barometer,  y^  indicates  a  complete  t^acuuuu  J  is 
11  uw  pkt:od  over  1.  Open  the  coeks,  c  and  b,  so  that 
the  blood-bulb,  A,  couiniunicates  with  the  rest  of  the 
apparatus,  nnd  the  blood  gases  frotb  up  in  B,  and 
after  bfiiig  dried  in  G  inass  towards  E.  Lower  F, 
aud  they  pAm  into  E  ;  stop-eoek  in  position ^  K^  raise 
F,  and  the  gases  are  collected  in  J  under  mercury. 
The  repeated  lowering  and  raising  of  F  vvilh  the 
correftijonding  position  of  the  stop^eocks  ultimately 
drives  all  tht^  gases  into  .L  The  removal  of  the  guseg 
h  greatly  faoilitRtcd  by  placing  the  bh>odd>iilh,  A,  iu 
a  vessel  con  taining  wattn  at  60^  C  [Non-dehbrimited 
blood  may  be  used  with  this  ]mmp,  and  the  gasei  art* 
kept  dry  hy  biding  conuected  with  the  chamber,  G, 
eoutaining  sulphuric  acid.] 

It  is  well  to  remove  the  gases  from  the  blood  intine- 
difttely  after  it  is  eolleeted  from  u  blood-vessel,  be- 
cause the  U  undergoes  a  iliminution  if  the  blood  ho 
kept.  Of  course,  in  making  several  analyses^  it  is 
dirtieult  to  do  this,  and  the  best  phm  tu  pursue  in 
that  ease  is  to  keep  the  receptacles  containing  the 
blood  on  ice. 

[Alvergniat'a  Pump. — A  simpler  form  of  gas- pump, 
(irsst  used  hv  Grehayt,  modified  aud  u*ied  by  Fnul 
Bert*  and  calkil  after  ita  present  maker,  is  frei]uently 
adopted  (figs,  30  and  31).  It  is  the  one  most  fre- 
quently employed  in  the  French  laboratories.  The 
receptacle  (R)  receives  the  blood  from  the  tube  (/), 
The  bulbs  (A  aud  B),  connected  by  a  caoutchouc  tube 
and  containing  mercury,  i-epresent  the  pump.  The 
hulh  (B)  can  be  raised  or  lowured  by  means  of  tho 
humlle  (M),  a  fiat  bund  being  attached  to  Band  work- 
ing over  a  nulley  (?).  By  alternately  raising  and 
depressing  (B),  a  vacuum  is  crt^ated  in  the  reservoir 
(R)  and  the  tubes  connected  with  it,  Tbi*  gases  pass 
over  into  thy  eudiometer  (A),  which  has  its  Tower  eod 
in  the  cup  (r)  containing  mercury.] 

[The  mercury  pump  (A,  B)  is  composed  of  a  thick, 
vertically  placed  barometer  tube  (ci)  communicating 
1>g1ow  by  tljiik  caoutihoin*  tubing  with  the  bulb  (B) 
containing  }iif.  The  Imlb  (A)  communicates  superiorly 
by  means  of  tbe  three-way  stop  cock  (T)  with  the  cup 
of  mercury  (c),  and  thus  with  the  eudiometer  (A), while 
horizontally  itcomraunicates  with  the  tul>es  connected 
with  the  reservoir  (R).     The  stop-cock  (T)  can  be  so 

tdaced  as  to  cut  olf  all  couinmnication  between  the 
„  „      ^,         .  „    .,  .       )ulb  (A)  aud  the  exterior,  or  the  bulb  can  be  placed 

Urehant's  and  Kert  s  gas-pump,  as  made    -^^  communication  with  h,  or  with  R.] 

by  AWejgniat  of  I  aris.  j^^his  is  done  as  follows  :-I^lace  tlie  Up  (T)  in  the 

position  (2),  raise  B  until  it  is  filled  with  H^,  and  all  the  air  is  driven  out  at  6.  Turn  the  ta|j 
mto  the  iHJsitiou  (1 )  so  that  all  counection  between  A  and  <j  is  cut  otT ;  lower  B,  and  a  vacuum  is 
»tablisbed  iu  A  and  n>  Place  the  tap  iu  the  position  (3),  and  connect  A  with  <f,  and  therefore 
with  R,  the  tan  iu  i  being  close<l,  when  at  once  a  partial  vacuum  is  established  in  the  system  R»  //, 
A,  rt.  Turn  trie  tap  T  into  the  position  (2),  raise  B  and  expel  the  air  through  I  b.  Turn  the  tap 
T  into  the  fHJsition  (1),  lower  B,  turn  the  tap  into  the  position  (2),  and  part  of  tho  remainder  of 
the  air  in  ij  ami  H  )issses  into  A  and  it,  so  that  tho  vacuum  in  R  and  f/  is  still  further  increased. 
Repeat  tlie  process  as  above  until  a  complete  vacuum  exists  in  R  and  tj.  Collect  100  c,c.  of 
blood  under  mercury,  and  introduce  50  c.c.  of  it  through  the  tube  t  into  tho  large  receiver  K, 


■ 
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when  it  gives  up  itn  gases  to  the  vacuum.  The  blood  iniinodiutely  Iroths  up  and  loses  its  bright 
red  colour,  becoming  of  a  dark  chuvt  tint.  Fill  the  tube  or  eudiometer  (/i)  witli  mercury  and 
insert  it  over  b.  By  turning  the  tap  T  into  the  position  (3),  on  lowering  U  the  blood  gases  pass 
ioto  Aa,  OD  turning  the  tap  into  the  position  (*2)  and  raising  B  the  gases  are  forced  into  and 
collected  in  h.  The  escape  of 
the  tfues  from  the  blood  is 
greaUy  facilitated  by  placing 
the  bulb  R  in  warm  water  ns 
shown  in  the  ligure ;  and, 
moreover,  the  escape  of  watery 
vapour  helps  to  carry  over  the 
f^nses  more  rapidly  into  A  a. 
lu  some  forms  of  the  instru- 
ment a  drying-vessel  contain- 
inf;  pumice  stone  and  sulphurii; 
acid  is  introduced  between  R 
and  T.  The  joints  of  the  appa- 
ratos  are  surrounded  with  caps 
of  caoutchouc,  which  are  filled 
with  mercury  when  the  appa- 
ratus is  in  use  ;  thus  any  leak- 
age at  a  joint  is  detected  at 
once.] 

Mayow  (1670)  observed  that 
ganes  were  given  off  from  blood 
in  vacuo.  Magnus  (1837)  in- 
vesti^ted  the  percentage  com- 
noflition  of  the  blood  gnses. 
The  more  imiK>rtant  recent  in- 
vestigations have  been  made  by 
Lothar  Meyer  (1857),  and  by 
the  pnpils  of  C.  Ludwig  and 
E.  Pfliiger. 

30.  aTTAHTITATIVE 
ESTWATIOH  OF  THE 
BLOOD    OASES.  —  The 

gases  obtained  from  ])loo<l 


Pfliiger  obtained  (at  0^  C. 
and  760  mm.  Hg  pressure) 
in  roimd  numbers  al)r>ut 
60  vols,  per  cent,  from  the 
arterial    blood    of   a   dog 


_      ^  Fig.  31. 

consist  of  0,   CO2,  and  N.   Scheme  of  Alvergniat's  gas- pump.      R,  receptacle  for  blood ; 

(j  thick  tube  with  tap  communicating  with  it ;  A  and  B, 
bulbs  for  mercury ;  «,  barometer  tubing ;  M,  windlass  ;  P, 
pulley  ;  T,  tap  ;  gr,  connecting-tube  to  K ;  c,  cup  for  mer- 
cury ;  h,  eudiometer  ;  II,  1,  2,  3,  positions  that  can  be  given 
to  the  three-way  stop-cock  or  tap  T.  I,  Small  part  of  c 
and  T  enlarged  to  show  the  eudiometer. 

(large  artery)  and  from  venous  bloo<l  (right  side  of  heart).  As  is  shown  in  iigs. 
29  (J)  and  30,  the  giwes  are  collected  in  an  eudiometer,  i.e.y  in  a  narrow  tube, 
closed  at  one  end,  and  with  a  very  (jxact  scale  marked  on  it,  and  having  two  fine 
platinum  wires  melted  into  its  upper  end,  with  their  frt*e  ends  projecting  into  the 
tube  (p  and  n). 

(1)  IMinatton  of  the  CO,. — A  small  ball  of /used  caustic  potash^  fixed  on  a  platinum  wire, 
is  introduoed  into  the  mixture  of  gases  through  the  lower  end  of  the  eudiometer  under  cover 
of  the  mercury.  The  surface  of  the  potash  ball  is  moistened  before  it  is  introduced.  The  CO^ 
uuitee  with  tne  potash  to  form  potassium  c;irbonate.  Thfj  i)otash  bulb  is  withdrawn  after  24 
hours.     The  diminution  in  volume  indicates  the  amount  of  CO2  absorbed. 

(2)  "Bitiination  of  the  0.— (a)  Just  as  in  estimating  the  (i^Oj,  a  hall  of phosp?i^r us  on  a 
platinum  wire  is  iutroduced  into  the  eudiometer  ;  it  ab^orl^s  the  0  and  forms  phosphoric  acid. 
Another  plan  is  to  employ  a  small  i)apier-maclie  ball  saturated  with  pyrogalUc  acid  in  caustic 
ptdaah,  wnich  rapidly  absorbs  0.  After  the  ball  is  removed,  the  diminution  in  volume  indicates 
the  quantity  of  U. 

(6)  The  O  is  most  easily  and  accurately  estimated  by  exploding  it  in  the  ciuUometcr.  Intro- 
duce a  sufficient  quantity  of  H  into  the  eudiometer,  and  accurately  ascertain  itji  volume  ;  an 
electrical  spifk  it  now  passed  between  the  wires,  p  and  7t,  through  the  mixture  of  gases  ;  the  0 
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and  H  imilo  to  form  water,  whleh  causes  ii  dimitiution  in  the  volume  of  the  gasea  ia  the  ewiiio- 
meter,  of  wliicli  |  is  duo  to  the  O  iiBeA  to  form  ivater  (HjjO). 

(c)  Estimation  of  the  N,— Wheu  the  CO^  flud  0  are' estimated  by  the  above  method,  the 
rcTimiiuhr  h  pnre  N. 

36.  THE  BLOOD  GASES.— [In  kmnan  blood  the  average  total  gases  arc? 
cstiiimtcitl  to  lie  in  roiirnl  muiiluus  i>0  vtdn.  i>(?r  cent,  at  0  C,  ami  760  iimi,  pres- 
sure, made  up  as  follow-s  : — 

0        CO..  n 

Artf*rial  MtKHl,  20  39         1'4  [>or  cent. 

Ytnioiis  l>kicMlj         8  tf>  12  46  14       ,,  ] 

or,  47*3  vols,  per  cent  calcuhit*-nl  at  0°  C,  anil  1  njetrti  ]>ri38,surt% 

Arterial  blootl,  17  30  I  to  2  pur  (.'c'nt. 

Venous  blood,         6  to  10  35         1  to  2         „ 

[Tims  venoiKsldood  naitains  8-12  per  cent,  less  0  and  C  jht  rent,  more  CO..  t!ja™ 
aiteriid  IiIoihI.     The  anion nt  i*f  j^ises  iditained  from  venouH  blood  nnder  ditiVrent 
conditil^n8  varies  ^a'eatlVj  as  is  statt'd  lirlow.] 

I.  Oxygen  exists*  in  arterial  IdiMwl  (dog)  on  an  iivi-rat^t.'  to  the  extent  uf  17 
voluiupft  [tor  cent,  (at  0'  (*.  atid  1  metre  Hg.  jaessure)  {Pffiltjer),  or  20  volumes  jier 
cent,  (at  0"  C  and  760  mm.  piHis^sure).  Aeeording  to  Ptl tiger,  arterial  1>!i>l>i1  (ilog) 
is  saturated  to  yjj  with  U,  whik%  according  to  Hiifner,  it  Is  sattirated  to  the  extent 
of  I  J.  In  veEOUa  Iduod  the  quantity  varies  very  greatly;  in  the  lilood  of  a 
passive  mnsK'le  G  vidumes  per  cent,  have  been  found  ;  while  in  the  blood  aft-er 
asphyxia  it  ii^  alm-nt,  or  oceni's  only  in  trtiees.  It  is  eertainly  nmre  ahundimt  in  tin* 
comparatively  red  bbn^l  of  active  glamls  {salivary  glanilH^  kidney)  than  in  orilinary 
dark  veiions  1iI<mmI. 

[Modifying  Condition*. — The  naiomit  of  0  obtainable  from  tho  blootl  ilepeuds  ujMai  the  organ 
fruDi  vvliith  the  blood  comes,  or  vvht^thiT  the  trgnn  Ix;  active  or  at  rest.  Thus  the  O  prcfeent 
in  the 

Carotid  artery  18  .         .         21  jver  cent.  Renal  vt-iri  (kkloey  active),  17  per  cent. 

Keuttl  artery,       .         .         U*      ,,  Ktinal  vein  (kirlney  at  rest),  6     „ 

Bert  fitjds  that  increase  of  the  aimosplicric  prcssurt  from  1  to  10  atmosphere  raues  the 
amount  of  O  ia  arturiiil  blood  from  20  to  over  24  per  c^iit,  and  tho  N  from  1 '8  to  over  9  per 
cent.,  while  the  CO.j  is  but  slightly  iilfected.  Only  10-15  volumes  per  cent*  of  0  are  obtained 
from  the  blood  of  heil>ivora  (sheep,  rabbit),  as  these  iitiimids  biive  a  s^mall  namhtr  of  corpuael«r, 
and  hR'TiKjglcibiiu  The  arnonnt  of  luemoglobiti  and  O  i^  miuh  b«s  in  cold-hlooded  nuimnis. 
The  aiiioont  of  CO^  in  peptone  blood  ia  iliminished  hy  about  one-half^  while  the  0  is  slightly 
in^'ieased  {Lahou^fSf}, ] 

The  0  in  Blood  occurs— (rr)  mmpff/  aim^rheJ  in  tiie  pht^ma.  Thi.s  iy  only  a 
miniiuid  amount,  and  does  not  exceed  what  distiOed  water  at  the  temj^erature  of 
the  body  woidil  take  up  at  the  partial  presBUi\'  of  the  O  in  the  air  of  tlie  huigs 
(^Lofhar  Meyer). 

{h)  Aimvd  fhe  tolaf  O  f  if  ike  hhHni  m  chemically  united,  and  therefore  not  siilijeet 
to  the  law  of  absoqition.  It  is  lot mhj  \m\ivi\  to  the  Im'moglolun  of  the  red 
corpuscles,  with  which  it  form.s  oxyhaemoglobin  (§  15).  With  n^gjird  U\  the  talking 
up  of  <J,  the  total  qnantity  of  liloud  btdiavrs  exactly  like  a  .s«dution  of  htemoglobin 
free  from  O  {Preyer),  The  altsraptiun  of  (_>  is  more  rapid  in  hlooil  than  in  a 
solution  of  Hb. 

The  absorption  of  thiit  quantity  of  0  is  completely  independent  of  preaaure  ;  hence,  fioimals* 
con  fined  in  a  close  8i>aee,  until  they  are  nearly  aspliyxLaleri,  cuii  iijse  ap  iilmoi^t  all  the  0  from 
Cho  surrounding  atmospbere.  The  fact  of  the  union  being  intii' pendent  of  pressure  is  pioved  by 
the  following : — The  hlood  only  gives  off  copiously  it^*  chenucally  united  0  when  the  atmo- 
spheric pressure  i»  lowered  lo  20  millimetrfJi  Hg,  (  Warm  MitlUr) ;  and,  eonrersely,  blood  only 
take^i  up  a  littli*  more  O  wheu  tlie  pleasure  ia  increased  to  tl  atmospheres  {Bert), 

Physical  Methods  of  obtaining  0  from  Blood. — Notwithstanding  the  cheitiical 
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union  hetweoii  Lht^  Hb  and  O,  all  tli*?  0  of  tUt'  MuiMl  van  l>e  cxix'lli^d  from  its  atnto 
of  combination  by  tbo80  means  wliicli  set  free  al>8orl>€d  gases— 
(a)  liy  introducing  lilood  into  a  Torricollian  vainuim. 

fh)  by  biPiliiitir. 
e)  by  tbe  cinnliii'tion  t>f  other  gases  [H^   X^  CO,  or  NO]  througii  tlie  blood, 
because  the  oxyliai'muLfiolnn  eonii>(*und  is  so  loose  that  it  is  decoin[in3ed  evpu 
by  ibesr  iihysical  means. 
Reducing"    Reagents. — Amojigst    chemifai    rj^agents    the    following   redi/niffj 
Bul>stances— annnonimn  stil|>bidi%  sulplmrettcd  hydrogen,  alkaline^  solutions  of  snb- 
Tsalts  or  Stokes  s  fluid,  iron  Uliiigs,  &e.,  rob  ld<»od  of  ii^  0  (§  15). 

Halation  to  Fe, — Tho  ttmonnt  of  Iron  in  the  blood  {0'f>5  in  lOCM)  part-s)  stands  in  direct  relation 
to  theaniotnit  of  Hb  ;  thif*  to  tho  (jnantity  of  blood-corpusol«fs  ;  and  this,  in  turn,  to  the  specific 
gmvity  of  tlw  bloLn|.  Thp  siunmnt  of  0  in  tbi^  blood,  tlif reform,  is  nearly  pm|iortioiml  to  the 
s|jeci]iic  ^riivity  tif  th«  blood,  and  it  h  alao  in  proportion  to  the  Amoiint  of  irou  in  thu  blood. 
The  total  Hmmmt  of  iron  in  the  blood  ia  nbotit  3  j^ranis. 

During  morphia  narcosig  the  uniount  of  0  in  tbii  blood  ia  diminiahod  {Ewahi) ;  after  hwMuor- 
rbfii^p  tliH  ait'^rittl  I>IlmkI  ia  s;itu rated  with  0  (/,  '/.  OH}. 

DiBftppearanc©  of  0  in  Shed  Blood, —Kvcn  iniinediHtcly  after  bloctd  is  uhed  there  is  a  slight 
disappwarance  of  O^  as  a  physiological  indtx  of  res  [>i  nit  ion  of  tho  tissuea  wlthim  the  living  blood 
itself  (§  131 ).  Wht^n  lilood  is  kept  long  oiit.siib?  of  the  blood- veasela,  tho  qUHntity  of  0  gradnally 
diauiJiBheji,  and  if  it  be  ke[^t  fur  a  lengtli  of  time  at  a  high  temperature  it  may  diiiappear  alto- 
gether.  Tbiadef^ends  upon  dceoni  posit  ion  oeE:urring  in  the  blocMb  whereby  rcdacitig  antistaiices 
are  formed  which  consume  the  O.  All  kinda  of  bli*od,  however,  do  not  act  with  ec^ual  eutr^y 
in  eon.^iiimiDg  O,  r,fj,^  venous  blood  from  active  nniselra  acts  moat  en(?rgetically,  while  that  from 
tbi*  li«patic  vein  has  Vfrj-  little  effect.  CO.j  appears  in  the  blood  in  place  of  the  0,  and  the  colour 
dark^MiH.     The  amount  of  CO^^  produced  is  sometimes  greater  than  that  of  the  0  consumed. 

Eelation  to  AcidB. —If  blood  (or  a  solution  of  oxyhifmoglobin)  be  acted  upon  by  neuU  {e.g,, 
tartaric  acid)  until  it  h  strongly  acid,  0  can  be  pnmped  out  in  considerably  le.vs  amount^  while 
the  formatiun  of  CO^  ia  not  increased,  W' k  must  ibt^refore  n*iumc  that,  during  ttic  decomposi- 
tion of  tlie  Hb  caused  hy  the  acids  (§  18),  a  deeoniposition  product  bccomea  more  highly  oxidised 
by  the  intense  chemical  union  of  the  O  at  the  moment  of  its  origin  {Lothftr  Mei/fT,  Zunlz, 
StrttAsburff).     The  same  pht'nomenon  occurs  when  oxyha^moglobin  ia  decomposed  by  hM/iug. 

37.  IS  OZONE  PRESENT  IN  BLOOD?— On  account  t^f  the  nnmeroun  and 
energetic  oxidations  wliiclt  oecnr  in  eonneition  with  the  bbuHli  the  <ini^stii>n  has 
often  been  raised  as  to  whether  the  0  of  tlie  blood  e.\ist-s  in  the  form  vf  ozoiie  (O.j). 
Ozone,  ln>vvever»  is  contiiined  neither  in  the  IiIcwhI  itself  (SchonMu)  nor  in  tlie 
blmiil  ga.ses  olitaiiied  from  it.  Xevertheless,  the  red  ciu'|>UHeles  (and  Hb)  bavc  u 
distinct  reiatifni  to  ozone. 

(1)  Teste  for  Ozone. —  Haemoglobin  acts  as  a  amwifrr  of  ozon€f  t\t\,  tt  is  able  to  remove  the 
active  Oof  otlier  budics  ami  to  amrrt/  or  trao.Hfer  it  at  once  to  other  easily  oxidisable  flubHtancea. 
(a)  Turpentine  vvbirh  has  been  exposed  to  the  air  for  a  long  lime  obvayn  contains  o/tnie.  The 
t4*st8  for  the  latter  are  stjtrch  and  potas«^ium  iodide,  the  ozone  decomposing  the  Iodide,  wlien  the 
iodine  strikes  a  blue  with  the  Btarcli.  (^0  Freshly- pre  pared  tincture  ot  guniacum  is  also  rendered 
blue  by  ozouo.  If  some  tincture  of  guin-icum  be  added  to  turjwntine  there  is  no  reaction,  but  on 
adding  a  drop  of  blood  a  deep  blue  colour  is  immediately  produced,  i.i*.,  Idood  takes  the  ezono 
from  the  turpentine  and  louinips  it  at  once  to  the  dissolved  guaiacuiti,  which  becomes  blu^^  It 
ia  immaterial  whether  the  Hb  contains  0  or  not. 

(2)  It  is  also  aii^icrted  tliat  haemoglobin  acts  an  an  itztm>-/m>tiufCi\  i.e.j  that  it  can  convert  the 
ordinary  Oof  tlie  air  into  ozone.  Hence  the  reason  why  red  blood-cor|ni8ctea  slone  render 
gtiaiai'um  blue.  This  reaction  succeeds  beat  when  the  gnaiatnm  solution  is  allowed  to  dry  on 
bh>tting-pa[M?r»  ami  a  few  drops  of  blood  (diluted  6  to  10  times)  are  |Knired  on  it  That  the  Hb 
forms  ozone  from  the  surrounding  0  is  shown  by  the  fact  that  red  blood -corpuscles  containing 
carbonic  oxide  cause  the  blue  colour  (A'i^/oie  and  S'choh),  According  to  Fthiger,  however,  the«e 
reactions  only  occur  from  decomposition  of  the  Hb,  so  that  on  this  view  tlie  blood-corpnsclea 
cannot  be  regar<led  as  producers  of  ozone. 

Sulphuretted  hydrogen  is  decompoaed  by  blood  (as  hy  ozone  it>»elf)  into  sulphur  and  water. 
Hvdnc  jieroxide  is  decomposed  by  oiood  into  0  and  water  [but  this  reaction  ia  prevented  by  the 
flifdition  of  a  small  amount  of  hydrocyanic  acid  (Schofibfin)].  Crystallised  Hb  does  not  do  tlris, 
and  H^Oa  may  by  cautiously  injected  into  the  blood -vesaela  of  animaU.  This  wouhl  show  that 
uitchangiil  H If  does  imi  juoduce  ozone. 

Various  Forma  of  Oiygen.  —There  are  three  forms  of  oxygen  :— (1)  The  ordinary  oxygen  (Oj) 
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in  the  ail".  (2)  Aivtive  or  nascoiit  oxycon  (O),  which  never  eati  oixui  itj  the  free  ^tate,  hut  tbti 
moment  it  is  fojni«tl  aiU  us  a  powerful  oxidising  cigt'iit  and  prcxiiKjea  che^mical  compriuiids.  It 
converts  water  into  hydric  peroxide— the  N  of  the  air  into  tiitroua  and  nitric  iiehJu,  and  even 
CO  into  COy,  wliicb  ozono  dues  not.  It  certainly  playH  iiu  important  part  in  the  orgnni»iu. 
{3)  Ozone  (O3),  which  h  formed  hy  the  deeompoaition  of  several  niokcides  of  ordiiirtry  4*xy*<eii 
(Oj)  into  two  atoms  of  On  and  the  nppiojjriation  of  t^ueh  of  these  atoms  by  a  molecule  of  ynde* 
comiJoaed  oxygen.     Iti»  oxygen  condensed  to  |  nfUs  volnnie, 

38.  CO..  AMD  N  IN  BLOOD.— II.  Carbon  Dioxide. -In  arterial  Idoml  tluTe 
lire  about  39  vulunu.«  i>i'r  I'ljiit.  at  0^  C.  ami  7 GO  iniiL  H^'  pie.s.siir»i  or  30  volumes 
per  cent,  of  CO.2  at  C  C*  antl  1  metre  pressurt*  {Setscheianv) ;  Imt  in  venotia  Idood 
the  amount  is  very  variable,  ejj.^  in  the  venous  bhiotl  of  pa.<sive  iirusrles  theiM^  are 
35  vidiimes  per  eent.  {^Sczaikoir)^  while  in  tlie  blood  of  asphyxia  theif  may  he  52  6 
VLdumes  per  cLiit,  The  CO^  in  Iht^  Itjmph  of  anpliyxia  i.s  lens  thiin  that  in  the 
bloiMl  {Bm'hnri\  Gtuiltt),  The  CO^  »»f  the  blood  may  l>e  extracted  from  it  or  con\- 
Ifh'lriif  pitmprd  oui^  \vith*iiitj  hf^wever^  the  alkaline  reaetion  of  the  bb»ml  wmlergoing 
any  change  {Zuntz). 

(A)  The  CO.j  in  Plasma  (or  Serum). 

(a)   A  miJiimal  [nirt  is  simply  absorbed  Ity  the  tin  id  part  of  the  bkK3<b 

(A)  Tim  fanjfd  pfitiiou  f.*/  the  CO.^  Mofifja  to  the  piuKma  (or  serum),  and  it  all 
appears  t<j  be  in  a  .state  of  chemical  eombiiiation.  Serum  tiike^s  up  CO^  quite  imie- 
l>endently  of  preSv^urcj  lience  it  caimot  be  merely  absorbed.  The  CO.^  may  exist  in 
the  following  ei>ndpLnationd  : — 

(1)  A  |>ortitin  of  the  CO,^  is  loonehj  united  to  sodie  carl)oiiate  in  the  form  olmidic 
Inmrhmatfi  ;  the  mrlMjnat-e  t^ikes  up  1  eipiivalent  of  CO.j ;  Na^CO.,  +  C(*,,  +  H^O  = 
*2XaHC0.j.  This  C*).,  may  be  pnmpeil  lait,  as  in  the  process  the  l»i«'arVionate  splits 
up)  ag»iin  inl^i  the  neutral  carlxiiiate  ami  OO^. 

(2)  Art  the  bicarbonate  unly  |<ive.s  up  its  CO.^^  very  slowly  in  vacuo^  while  Idi^oil 
gives  otf  its  CU.,  very  energetically,  perbap.s  the  sinla,  uz)it(!ti  with  an  albuminous 
Wly  (serum-globulin- a! kali  [Tf/z-Mj?])  eoinbiiies  witli  the  Cr)^  and  f<UMns  a  complex 
compoundj  from  ^vhich  the  CO^  ia  rapidly  given  oii'  tii  vavno, 

(3)  A  minimal  jwrtion  of  the  CO.^  may  be  ehemicaliy  unitfnl  with  neutral  mdic 
phoApknie  in  the  plasma  {Femd),  One  e<|uivalent  of  this  salt  can  fix  one 
equivident  of  C(J.„  so  ndd  sodium  phosidnite  ami  add  SfMlium  airbi^nate  arc  fomied, 
Na.d lP(i^  +  CO  4^*2^2^^  ^  NaH.4'U^  +  NalI,CO,^  {ihrmann).  When  the  gases  are 
removed  the  Cl)^  escapes,  and  iwuiral  sodie  pbospliate  remains. 

It  iw  probable,  liowever,  that  almod  all  the  m^lc  phosphate  found  in  i\w  blood-ash  arises 
from  the  hurniug  of  It^ithin  \  we  have»  therefore,  to  consider  only  the  very  small  amount  of 
this  suit  which  oe(!ui*8  in  the  plaaina  {Hopi)*^'Snjkr  and  Sertoli). 

(B)  The  COo  in  the  Blood-Corpnscles. 

The  r«'d  eorivuKcles  contain  CO^  in  hiose  ehemiail  combination;  for  (l)  a  volume 
of  blmKl  can  fix  nearly  as  inueh  CO,^,  as  an  eipial  vobune  of  senun  {Ludwi</,  AL 
S*'fimkli) ;  and  (2)  with  increasing  pressnn^  the  absorption  of  CO,^  by  blood  Utkes 
pliiee  in  a  cliHercnt  nitii^  from  what  occrurs  with  sctutu  (lyffitjei\  Znniz),  The  red 
corpuscles  c^m  fix  more  CO.,  than  their  own  volume^  ami  the  union  of  the  COg 
seems  ti>  depend  upon  the  lib,  for  Si'tschenow  fuund  that,  when  lib  was  acted  on 
by  Vi}.^  its  ptiwer  tif  lixbig  the  latter  was  inereascil,  which  is  iK-rliaps  duo  t*:i  the 
formation  *  if  some  sul>stance  more  suited  f*>r  fixing  C(*^.  B*dir  found  that  1  grain  of 
dissidved  Hb  ('log)  at  120  min.  Hg  pressure  unites  with  3%5  c.c.  Ct*,^  '■*'-»  more  than 
double  the  quantity  of  O  absorbed  (j)  25).  It  seems  also  to  be  partly  united  to 
the  globulin-alkali  compound  (Bohr,  Torttp),  The  leucocytes,  after  the  manner 
of  the  8erum-<  (instituents,  also  fix  CO^  to  the  extent  of  J  to  ^  of  the  absorbing 
tK)wer  of  serum. 

After  the  use  of  I,  Hg,  sodic  oxalate,  and  nitrite,  there  is  a  diminution  of  CO,  in  arterial 
hlood  {FfHtdherij)^  and  alao  in  fever  {Geppcrt^  Minkowski),     [lu  the  la^t  cose  it  ia  j^erbiipa  due 
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to  the  dimiDished  alkalinit}',  and  this  is  ia  part  owing  to  the  acid  products  formed  during 
the  decomposition  of  the  tissues.] 

III.  Nitrogen  exists  in  the  blood  to  the  extent  of  1*4  to  IG  vol.  per  cent.,  and 
it  appears  to  be  simply  absorbed. 

It  is  doubtful  if  any  part  of  the  N  exists  chemically  united  in  the  red  corpuscles.  Blood 
warmed  outside  the  body,  and  with  a  free  supply  of  oxygen,  gives  off  a  minute  quantity  of 
ammonia, which  is  perhaps  derived  from  the  decomposition  of  some  salt  of  ammonia  as  yet 
unknown  {KUhne  and  Strauch). 

39.  AETEBIAL  AND  VENOUS  BLOOD.— Arterial  blood  contains  in  solution 
all  those  substances  which  are  necessary  for  the  nutrition  of  the  tissues,  those  which 
are  employed  in  secretion,  and  it  also  contains  a  rich  supply  of  O,  and,  as  we  have  seen, 
a  considerable  amount  of  COg.  Venous  blood  contains  less  of  the  nutrient  matter, 
but  in  addition  it  holds  the  used-up  or  effete  substances  derived  from  the  tissues, 
and  the  products  of  their  retrogressive  metabolism  are  more  numerous  ;  there 
is  in  venous  blood  a  larger  amount  of  COj,  and  also  a  considerable  amount  of  O. 

[The  fandamental  difference  between  Arterial  and  Venous  blood  is  due  to  the 
relative  proportion  of  oxygen  and  carbon  dioxide  contained  in  each.  The  difference 
in  colour  depends  on  thia  If  venous  blood  be  shaken  up  with  air  or  oxygen  it 
becomes  arterial,  while  if  arterial  blood  be  submitted  to  a  current  of  an  indifferent 
gas  such  as  N  or  H,  it  becomes  venous.  It  also  does  so  if  it  be  sealed  up  in  a 
vessel  for  some  time,  whereby  the  oxygen  is  used  up,  and  gradually  more  and  more 
of  the  oxy haemoglobin  is  changed  into  reduced  haemoglobin.] 

It  is  evident  also  that  the  blood  of  certain  veins,  the  portal  and  hepatic,  must 
have  special  characters. 

The  following  are  the  most  important  i)oints  of  difference  between  art<»rial  blood 
and  venous  blood  : — 

Arterial  Blood  con  tains- 
more  0,  more  salts,  It    is     redder    and    not 
less  CO,                                     more  fat,                              '  dichroic. 
more  water,                                 more  sugar,                                 As  a  rule  it  is  V  C.  warmer, 
more  fibrin,                                fewer  blood-corpuscles,               It  coa^lates  more  rapidly, 
more  extractives,                        less  urea. 

The  bright  red  colour  of  art<?rial  blood  depends  on  the  presence  of  oxyhaemo- 
globin,  whilst  the  dark  colour  of  venous  blood  is  due  to  its  smaller  proportion  of 
oxyhflBmoglobin,  and  the  quantity  of  reduced  haemoglobin  which  it  contains.  The 
dark  change  of  colour  is  not  to  be  attributed  to  the  larger  quantity  of  CO2  in 
venous  blood  {Marchand) ;  for  if  equal  quantities  of  O  be  added  to  two  portions  of 
blood,  and  if  COg  be  added  to  one  of  them,  the  colour  is  not  changed  {Pfluger). 

[According  to  C.  Schmidt,  the  blood  of  the  portftl  vein  contains  more  water,  plasmn,  salts, 
and  fats,  but  less  extractives  and  corpuscles  than  the  blood  of  the  hepatic  vein  ;  wliile  (when 
an  animal  is  not  digesting)  sugar  is  absent,  or  at  least  only  in  traces  in  the  portal  vein,  and  in 
considerable  amount  in  the  hepatic  vein  (§  175).] 

[Blood  of  the  hepatic  vein  is  said  to  contain  more  corpuscles  than  that  of  the 
portal  vein,  and  it  is  8upi)0sed  not  to  coagulate  after  death,  but  this  is  very  doubt- 
fid.  According  to  Drosdoff,  it  contains  more  water,  cholesterin,  and  lecithin  than 
the  portal  vein  except  during  digestion  ;  it  also  contains  more  sugar,  and  it  is  the 
warmest  blood  in  the  body.] 

[Splenic  Vein. — Some  observers  say  that  this  vein  contains  more,  and  others 
fewer,  red  blood-corpuscles  than  that  of  the  artery.  The  statement  is  also  made  that 
it  contains  more  white  corpuscles,  but  this,  again,  is  denied  by  Tarchanoff.  The 
notion  that  its  serum  contains  liaBuioglobin  has  been  disproved  by  Schafer.  In  this 
latter  respect  it  does  not  differ  from  that  of  serum  of  blomi  generally.] 

[Aenal  Vein. — Here  the  blood  is  bright  red,  and  holds  more  0  and  less  CO2  than 
the  blood  of  the  renal  artery.  It  contains  less  water,  NaCl,  uric  acid,  and  ureti, 
and  coagulates  with  difficulty.] 
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40.  ftUANTITY  OF  BLOOD.— In  the  adult  the  quantity  of  blooil  is  equal  to 
^*5  part  of  the  brMlY-wei^^iit  (iim'h(*ff),  [i.e.  on  an  average  4-4*5  kilos  (8 '8-9 '9 
Ihft.)];  in  newly-l>c>ni  ehiMren  y'^  {Welrler}. 

According  to  Schiickiug,  the  amount  of  blood  in  a  newly -bom  child  depends  to  some  extent 
upon  the  time  at  which  the  iirrihilical  cord  ia  ligatured.  The  ajiiouut  =  ^V  ^^  ^^^  hody-weijjht 
when  the  cord  is  tied  at  once,  while  if  it  b  tied  so mi^ what  later  it  may  he  ).  Immediiite 
ligature  of  the  cord  may,  therefore,  deprive  a  uewly-born  child  of  100  gmiuB  of  blood. 
Further,  the  number  of  corpuseles  is  le^^a  in  a  ehild  after  iiniuediiite  ligature  of  the  umbilicul 
conl  than  when  it  is  tied  soniewlifit  Inter  {ILloi). 

The  methods  of  Valentin  (18<iS),  and  Eti.  Weber  (1850),  are  not  now  used,  as  the  results 
obtained  are  not  !^niheiently  aeenrate. 

]f«ibodof  Welcker(1854).  — Begin  hy  taking  the  weight  of  the  nniinnl  to  l>c  experiinented 
on  ;  place  a  caniiula  m  the  carotid,  and  allow  the  blood  to  run  into  a  fiaak  previously  weighed, 
aod  m  which  small  pebbles  (or  Hg)  have  bet^u  plneed,  in  oixier  to  detibiinate  the  blood  by 
fthakiug.  Take  a  part  of  this  defibriimted  blood,  and  make  it  cheny-ied  iu  colour  hy  pfis^ing 
through  it  a  stream  of  CO  (because  oi-diiiary  blood  varies  in  colour  according  to  the  amount  of 
O  contaifml  in  it^ Gaeh^idltti^  HridtuMifi).  Tie  a  |-  ishaped  ciinriiila  iu  the  two  cut  ends  of 
the  carotid,  and  allow  a  06  t>er  cent,  solution  of  corumon  salt  to  lluw  into  the  vessel  from  a 
prejtsure  bottle  ;  collect  the  coloured  fluid  issuing  from  the  jugular  veins  and  iuft-riar  vena  cava 
until  the  fluid  ts  ijuite  clear.  The  entire  body  ii*  then  chojqied  up  (with  the  exception  of  the 
contents  of  the  stomach  and  intestines,  which  are  weighed,  and  their  weight  deducted  from  the 
l*ody -weight),  and  extracted  witli  water,  and  after  twenty-four  hours  the  (kid  in  expi^ssed. 
This  water,  as  well  aa  the  wajshings  with  salt  «olntion,  arc  collected  and  weighed,  and  part  ot 
the  mixture  ia  aatumted  with  C0>  A  sample  of  this  dilute  bloml  is  placed  in  a  vessel  with 
^wmllel  sides  (1  eim  apart)  opposite  the  light  (the  so-called  haMnatino meter),  «nd  in  a  second 
venel  of  the  same  dimensionH  a  sample  of  tli©  undiluted  CO  blood  Is  diluted  with  uater  from  a 
borettCt  until  h^th  fluids  give  the  atmc  intrtmlif  of  colmir.  From  the  cpiantity  of  water 
n^ijuired  to  dilute  the  blood  to  the  tint  of  the  wnshings  of  the  blood-vessels,  the  quuntity  of 
blofwl  in  the  waahitigs  is  calctilated.  On  chopping  up  the  muscles  alone,  wc  obtain  the  amount 
Qt  Hb  present  in  thiin,  which  is  not  taken  into  calculation. 

flaantity  of  Blood  in  Various  Animals. — ^The  qutuitity  of  bknxl  in  the  mouse 
*  A  ^  15  ;  gtiiii*'>i-l'i!4  -  i\iT  Wr  ti.  ^,V) ;  raliliit=  ^V  (iV  to  n'-) ;  th>g  =  A  (nf  ^ 
A)  ;  cat  =  ^^  ;  hirilB  =  ^V  ^'^  iV  J  ^^^^  =  A  ^  nV  ?  ^-^^^es  »=  i\  to  j\  of  the  body- 
weight  (without  the  content.^  of  the  istomach  and  intestines). 

The  specilie  gravity  of  the  blood  ou^lit  always  to  be  tnken  when  estiraating  the  amount  of 
blood.  The  amount  of  blood  is  diminislied  during  inanition  ;  fat  {it*r»ons  have  relatively  less 
blcMxl ;  after  htemorrhage  the  loss  is  at  iin*t  leiilaced  hy  ii  watery  Huid,  whUc  the  hlood*cor- 
puscles  arc  gindnally  regenerated* 

Tlif  est  tin  ill  ion  <if  the  qEantity  of  blood  ill  different  organs  is  done  by 
»u*bleiily  ligjitunn^  tlieir  Idood-vt'stiels  itttra  titam.  A  watery  extimt  of  the 
chct|)[>ed'Up  ur*;iin  is  pri'paredj  and  the  ijtiantity  of  blixKl  estij anted  as  *le8cribecl 
filmve.  [Roti^hly  it  may  l>e  naid  that  thf  Inngs^  heart,  large  arteries,  ami  veins 
contain  \ ;  the  nniHules  of  the  sktdetiai,  |  :  tbe  liver,    J  ^  ami  otlier  organ*,  ^ 

IFate  of  S&lti  mjecied  Into  the  hloodfltream.— One  of  the  most  notewortliy  facta  about  the 
conijHJsition  of  the  bloo<l  is  the  remarkable  consUincy  in  the  proportion  of  its  chemical  constitu- 
ents, and  this  is  specially  trao  of  iti*  salts.  It  is  impossible  to  render  blood  acid  by  giving  auiinala 
repeated  doaea  of  acid,  and  when  ^alts  are  adnanistered  in  excels,  the  blood  rapidly  geta  rid  of 
them.  If  salts  (Nfl*SOj,Na.^HPO^.NftCl)  be  injected  into  the  blood -vessel  a,  the  aalU  imme- 
diately ditfuse  into  tlic  tissues,  so  that  within  a  lew  miuutes  <.nly  traces  can  he  rccovoi*ed  ftom 
the  Idood,  At  the  s*une  time  the  tissues  give  up  water  to  the  blood,  and  gradually  the  salts 
re-enter  the  hlood  and  are  given  olf  by  the  kidneys/] 

41.  ABNORMAL  CONDITIONS  OF  THE  BLOOD— (A)  I.  Poly^mia.— (')  An  increase  in  the 
entire  mass^  of  the  hlood,  uniform  hj  in  uU  itrgmis,  constitutes  poltfamia  or  pkth&rat  and  in  over- 
nonrtshed  individunls  it  may  approach  a  pathological  condition.  A  bluish  red  colour  of  the 
akin,  swollen  Vfins,  liirjiie  arteries,  hard  full  j^ulse,  injection  of  the  capillaries  and  smaller 
veisels  of  the  \Hsihh^  niueons  membnines  are  signs  of  this  htate,  and,  wneii  aocomi>anied  by 
congestion  of  the  br^iin,  there  is  vertigo,  congestion  of  the  lungs,  and  breath leasncftS.  AfUr 
luajor  amputations  ijiith  little  loss  of  bloody  a  relative  but  transient  inciease  of  blood  hia  been 
found  ( ?)  {plfthum  Hfxtcoplica), 

Tranafualon.  — l^ulynimia  may  be  produced  artificially  by  the  titjedtm  of  blood  of  the  ^me 
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Species.  If  t\w  iiotiiial  «|Uttiitity  of  blood  be  iiiL-reasoil  83  |>er  Cfut.  no  abiiormul  coiniition 
occurs,  bi?c4ii8c  the  blood  juresaure  U  not  pcrinnnjendy  ];aii?ccb  Tlic  excels  of  blo^d  is  nccomruo 
dtttt'<l  in  tht  gi'tratly  distended  capillanes,  wliieh  niay  be  fetritclied  beyond  their  uormal  elasticity. 
If  It  be  increased  to  150  i>cr  cent  there  are  variations  in  the  bUiod-pressnrp,  life  is  endangered, 
and  there  may  he  sudden  mixture  of  blc»ud-vca}iel»  (  fp'orm  MUfl*'./'}. 

Fate  of  Transfufled  BIcjod.— Aftei-  tiie  Irausfusion  of  bluod  lliii  formation  of  lynjpli  in  grivatly 
increased;  \*ut  in  one  or  two  da)'**  the  8ernm  is  used  up,  the  water  is  excreted  chieHy  by  the 
urine,  and  thi'  albittnln  is  partly  clmttged  into  nrea.  Henee,  tlte  blood  at  this  time  ajiiR'ai-s  to 
be  relatively  ricber  in  hbjod-coqniaclcij  {Panutn,  LrJtsrr,  Wurm  Miilkr).  The  rml  coi'unficles 
break  up  mncU  more  slowly,  and  the  products  thi-reof  are  j^iirtly  e^^crcted  u&  uwn  and  partly 
(but  not  constaiitlv)  as  bife*pi^nient».  Even  after  a  month  an  increaiie  of  coloured  blood- 
corpu3cl*Mi  has  been  observed  {T^Kchirlew).  That  llje  hlood-corfjuseles  are  broljei*  up  slowhf  id 
the  ecduomy  in  proved  by  the  factt  tbat  tlit!  amount  of  nrt^a  i^  mncb  lari^er  whm  the  iitime  qnan- 
tity  of  Idood  18  swallowed  by  the  animal  than  when  an  eipial  nniount  i«  transfused  {Tschtrjmv^ 
L(iHd(fis).  Ill  the  lattrr  cjwe  tlieie  is  a  modemte  iiicieasb  of  the  urea,  la^tiyg  for  days,  a  proof 
of  the  alow  decomposition  of  the  red  corpuscles,  Pronounced  over-tilling  of  the  vcjitiels  canses 
loss  of  op|3etitc  and  a  tendency  to  hiemrtrrho^a^  of  the  nmcou;*  niembranrs. 

(2)  PolyGemift  serosa  is  that  condition  in  wldeh  the  amount  of  stnini,  i.r,,  the  amount  of 
water  in  the  hloo<b  is  increased.  This  ui:iy  be  protiuced  artificially  by  the  ti*ansfu.sion  of  blood- 
serum  from  thu  same  species.  The  water  i«  soon  given  off  in  tho  urine^  and  the  ulbumin  is 
decomposed  into  nrt'a^  without,  however,  parsing  into  the  nriue.  -An  animal  forms  more  urea 
in  a  short  tifue  from  a  <piautity  of  tianiifused  aernni  than  from  ibe  Nime  (juantity  of  blood,  a 

1)roof  tint  the  blood'Cor[>UKclea  reuhdu  longer  nndecom posed  than  the  i>ernin  {FoeHtrr,  Lamlois)* 
T  serum  from  another  species  of  animal  he  used  (f*.j/.,  (log's  Boium  ttansfused  into  a  rabbit),  the 
blood -corpuscles  of  the  rccipieiit  are  dissidved  ;  luemoglobinuria  J**i  producwl  {Fonfick)  \  and  if 
there  l»e  general  diHsolution  of  the  corpuscles,  deatli  may  occur  {Lantlois}. 

(3)  Polyiemia  aqnoBa  is  a  simple  iocreaae  of  the  ivatcr  of  the  bhjod,  ami  m'curs  temporarily 
after  copious  drinking,  but  increased  dini^siii  soon  restores  the  normal  condition.  DiKeaseft  of 
the  kidneys,  wbich  destroy  their  Ktcreting  jxireticlivma,  produce  ibis  condition,  aod  often  also 
general  droiwy,  o^ving  to  the  pashagti  of  water  into  tlie  tia^iues.  Ligature  of  the  ureter  produces 
a  watery  cotidition  of  the  blomb 

(4)  Plethora  polyc3rthfiBmica,  Hyperglobulie.  —Au  increase  of  the  red  corpuscles  tms  been 
a&sumed  to  mi'ur  when  |'«^riydi(  ally  recurring  hafiiorrhagcs  are  interru]ited,  cj/*,  nieustruation, 
bleeding  from  the  iitme,  kc.  ;  hut  the  incrfaste  of  corpuscles  has  not  Wen  ileHnitely  proved. 
There  ia  a  proved  case  of  temporary  polycytlisemia,  viz.,  wlieu  similar  blood  is  Mansfuiied,  a 
jiart  of  the  fkiid  bting  used  np,  while  the  corpuscles  remain  unchanged  for  a  considerable  time. 
There  is  a  remarkable  iiurease  in  the  number  of  blood-corpuselei*  (to  8  82  milliitng  per  cubic 
millimetre)  in  eerluin  severe  cardiac  affections  where  thero  is  great  congestion,  and  much  water 
transudea  through  tbif  vessels.  In  ciises  of  hemildegia,  for  the  same  reason,  the  number  of 
eorpuhclea  is  greater  on  the  paraly>sed  congested  side  {i*titsoftil).  After  diarrhaa,  wbiidi  dindn- 
islies  the  water  of  the  hluod^  there  is  also  an  increase  {Bromtrifrf),  and  the  same  U  tlte  ca^c  after 
profuse  sweating  and  iwlynnj.  Drugs  (alcohol^  chloral,  amyl  nitrite}  xvhich  act  on  the  blood- 
vessels atfect  the  numlnT  of  t'orpuscles ;  during  contraction  of  the  blood-vessels  their  number 
ioureaseii,  during  dilatation  they  diminish  in  number  [JHffnrsni).  There  is  a  temiH>rary  increase 
in  the  httniatoblftsts  tm  a  reparative  process  after  s-vere  hivmorrhage  (§  7),  or  after  acute  diseases. 
In  cjudiottic  conditions  this  increase  continues,  ovvintT  to  the  diminisbed  non-conversion  of  these 
corpuscle*  into  red  eor]msde8.  In  the  last  stages  cd  cachexia  the  tmmbcr  diminishes  more  ami 
more  until  the  ffsrruatinn  of  ha:  in  at  o  blasts  ceases  {Hayemy 

(5)  Plethora  hyperalbuminom  is  a  term  applied  to  the  increase  of  albumins  in  the  plasma, 
h\ich.  as  occurs  after  takitig  a  large  amount  of  food.  A  siniihir  condition  is  produced  by  trans- 
fusing the  serum  of  the  same  sjiecies,  whereby,  at  the  same  time,  the  urea  is  increasi*d,  Injec- 
tioTi  of  egg-albumin  [uoduces  nlbtiminuria  {Stokvis,  Lrhmaun). 

[The  Bubcutaneoua  injection  of  buman  blood  has  been  prai^tised  with  good  rcHult«  iu  anieraia 
(if.  Zit itLs^H),  When  detibrinated  human  blood  is  injected  subculaneonsly,  while  its  possagt^ 
into  the  circultttion  is  aided  by  massage,  it  causes  neither  fwiin  nor  iidlammatiou,  but  the  hlo<iil 
of  tinivmts,  and  a  solution  of  Inemoglobin,  always  indnre  abscess  {B*^vztit').  Rlooil  is  also 
rapidlv  absorbed  when  injected  iu  smaul  amount  into  the  respiratory  passages.] 

Hellltiemia. — The  .sugar  in  the  blood  i*  partly  given  ort  b}'  the  iiriiKt  and  in  '* diabetes 
mellittis"  1  kilo.  {22  lbs.)  may  be  given  off  daily,  wht'U  the  i|uaiitity  of  urine  may  rise  lo  25 
kib.>-<.  To  lepbice  this  loss  of  grape-sngaif  a  large  amount  of  food  and  drink  is  required,  whereby 
the  urea  may  be  increoKed  threefohh  The  iuc  leaned  pi  ml  nation  of  sugar  causes  an  increttJ>eil 
decompmsition  of  albuminous  tissues;  hemie  the  uix^i  is  always  int:reased,  evcii  though  the  supply 
of  albumin  be  insuflicient.  The  patient  loses  tlesh  ;  all  the  |{laiids,  and  even  the  testicles,  atrophy 
or  degenerate  (pulmonary  phthisis  is  common);  the  skin  and  bones  become  thinner;  the 
nervous  system  holds  out  lou;f?e»t,  Tlie  teeth  become  carious  on  account  of  the  acid  saliva,  the 
vryatalliue  lens  becomes  turbid  from  the  amount  of  sugar  in  the  Hiiid  of  the  p)  o  which  extracls 
water  from  the  lensj  and  wuunds  heal  badly  because  of  the  ub normal  condition  of  the  blooil. 
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Absence  of  all  tarbohydnitca  in  tbe  food  tuiiset*  a  dimhiution  uf  the  sugur  in  the  LjIooJ,  but 
does  not  cause  it  to  disappar  entirely.  ['Die  suj^ar  in  the  blood  is  al.Ho  inereased  after  the 
iijhniatiuii  f>f  diloroforrn  or  ainyl  iiilnte^  acid  after  the  usit  of  curara,  DitrQd>fi}i5olet  and  chloral 
(§  175).]  All  exei'SHiVf  amount  of  inoHitr-  has  ^ycvn  (*i\mA  in  the  blood  and  uniie  (|  267 )»  con- 
fttitutiii^  mellitiiria  inoeita  (  rtthl), 

litpwDiia,  or  an  increafle  of  the  Fat  in  the  Blood,  oeciii^  aftiT  every  nieal  riL-h  in  fnt  {e.g. ,  in 
smkiiig  kitti»ns),  so  that  the  »«nini  may  In  Lome  turbid  like  milk.  Psitholo^ieally,  this  oecura 
in  a  hi^li  de^^rei^  iti  iLninkardn  aud  in  LorjinlrDlL  mdlridiials.  Wheti  there  in  gieat  deeomj«:>ai- 
tioii  of  albumin  in  the  bod}' (and  tbeiefore  in  very  severe  diseases) »  the  fnt  in  the  bhir^d  increases, 
and  this  also  takes  |jkce  after  a  libend  Hu[»[dy  of  eju»ily  decomposable  cflibuliyiirittei*  and  mneh 
fnt. 

After  injuries  to  bones  affecting  the  umrrow,  not  unfretjuently  fatty  fframiles  pas-s  from  the 
marrow  throuf^'h  the  imperfect  walls  of  the  blood-vesseb  into  the  brood-slrcam.  Tbejie  fatty 
parliel*^is  may  fjim  fat  emboli,  ^.tj.,  in  ttie  Ivver  or  tung«,  nr  they  may  u^jjuNir  in  the  urine. 

If  grannies  of  cinnabar  or  indigo  are  injected  into  the  hlood»  they  art'  taken  np  by  the 
leucoeytes,  and  by  them  are  carried  outside  the  blood -stream.  Thu  cells  of  the  sjdenic  pulp, 
marrfjw  of  bone,  and  the  liver  also  tak*  up  these  particks  [SfrUf). 

The  Bait*  remain  very  perMstently  in  the  blood.  The  withdrawal  of  common  siidt  producei* 
albuminuria,  ami,  if  all  salts  be  withhehl,  paiaiytii!  phenomena  occur  {Forate-r).  Over*feeditig 
with  iuiHeii  food,  such  oa  solt  meat,  haii  caused  death  throu|jh  fatty  degeneration  of  the  tisisues, 
eapeeiidly  of  the  glands*  Withdrawal  of  Iimc  and  phosphoric  acid  produces  atrophy  arid  soften- 
ing of  tln^  Imuei*.  In  infectious  di«eafli»3  and  dro]v«iica  the  Mits  of  the  blood  are  often  increased| 
and  dinrintHhed  in  inflamniation  and  eholeni.  [NaCl  i;^  absent  from  the  uiine  in  certain  ittagea 
of  pneumonia,  and  it  in  a  good  sign  when  the  chlorides  begin  to  return  to  the  urine,  J  [In 
acurvy  the  corpu>»Lyhir  elements  are  diminished  in  Jimount,  but  we  have  not  precise  information 
as  to  the  fwtlts»  although  tbii*  disea.ne  is  prevented,  in  juthous  forced  to  live  upon  preserved  and 
salted  food,  by  a  liberal  use  of  the  salts- -ei*|>eci ally  potash  salts — of  tlie  organic  acids,  as  con- 
lained  in  lime-juice.  In  gout,  the  blood  duriug  an  aout*  attack^  and  also  in  chronic  gout, 
contuius  an  excesvH  of  uric  aeid  (Garrod\.] 

ThK  amount  of  fibrin  is  increased  in  inllammations  of  the  lung  and  j^lLura,  [etoupoiiu 
pneumonia,  erysifH2la»],  hence  such  blood  forms  a  eruttta  phhiffLittm  (§27).  In  other  diseaaes, 
wbrre  decompOHition  of  the  blood-corrmscles  occurs,  the  tibrin  is  increased,  pi-rhaps  because  tlnj 
dissolved  red  corpuschu  yield  material  for  the  formation  of  tibrin.  After  ie|w'ateii  liaMUorrhages, 
Sigm.  Mayer  found  an  increase  of  hbrin.  Blood  rith  in  libriu  is  said  to  eoaguhito  JHore  slowly 
than  when  lesN  tibiin  is  present  — still  therf  sin*  many  exniitions. 

(B)  (L)  Biniinution  of  the  Quantity  of  Blood,  or  Its  Individual  CkixLatltuentfi.  ^{I )  Oligflemia 
vera,  An»inia,  or  diminution  of  the  i|nautity  ot  blood  as  a  uholr,  occurs  whenever  there  is 
hiumorrhngi?.  Life  is  endangered  in  newly  born  idiildren  uhen  tlit-y  lo.sc  a  tew  ounci's  of  blood  ; 
in  children  a  year  old,  on  losing  half  a  mmnd  ;  aud  in  adults,  when  oucdmlf  of  the  total  blood 
is  lo^it.  Women  bear  loss  of  blood  much  better  than  men.  The  iieriodieal  formation  of  blood 
after  each  mensti nation  seems  to  enable  blood  to  Im?  renewed  more  rapidly  in  their  case.  Stout 
|rt?rsous,  old  jjeoph',  and  children  do  not  bt-ar  the  h>f*s  of  i)]ood  well.  Tlie  more  rapidly  blood 
18  lost,  the  more  dangerous  it  is.  [A  niodemte  loss  of  blood  is  soon  made  up^  but  the  lluid  part 
ts  more  quickly  i-estored  than  are  the  corpuscles.] 

Symptoms  of  Loea  of  Blood. —t beat  loss  of  blood  is  nccompanied  by  general  paleness  aud 
colduess  of  the  cutaneous  suiiaLe,  increased  oppression,  twitching  of  the  eyebjlbj  noises  in  the 
ears  and  vertigo,  loss  of  votce^  great  breathlessncss,  stoppage  of  secretions,  coma  ;  dilatation  of 
thi*  pupils  iiivoluntnry  evaluations  of  urine  and  beccs,  and  lastly,  general  convulsions,  are  sure 
signs  of  death  by  luemorrhage.  [n  tla*  gravest  cii.ses  recovery  is  only  ]iossible  by  means  of 
transfusion.  Animals  cun  bear  the  loss  of  ,one- fourth  of  their  entire  blood  ivitbout  the  blood- 
pressure  in  the  arteries  permanently  falling,  liecause  tlio  blood  vesaelsronlmet  nu"!  sicconimodttte 
themselvrs  to  the  smaller  rjuanlity  of  blood  (in  consequence  of  the  slim uhtt ion  of  the  vasomotor 
centre  in  the  medulla).  Tlie  h>s8  of  one- third  of  the  total  blood  diminishes  the  blood -pressure 
considerably  (one-fourth  in  the  carotid  of  the  dog).  Jf  the  haemorrhage  is  not  such  as  to  cause 
death,  th<*  fluid  part  of  the  blood  and  the  <lissolved  salts  are  restoreif  by  absoiptiou  fiom  the 
tiKsues,  the  bIoo<l-] pressure  gradually  rises,  antl  tlieu  tlie  albumin  is  restoi^d,  though  a  loijger 
time  is  required  for  the  foriimtion  of  red  cor[>uscle8.  At  first,  therefore,  tlj<:i  blood  isabnorniilly 
ritdi  in  water  (hydr«mift},  and  at  last  abnormally  l>oi>r  in  coiiius^dt'S  (oligocythflsmia,  hypQglo- 
bulie).  With  the  increased  lymph-stream  which  pours  into  the  blood,  the  colourless  corfiuscks 
are  considerably  increased  above  normal,  and  during  the  priod  of  restitution  fewer  red  corpiiscleti 
seem  to  bt;  used  up  {e.g,,  for  bile). 

After  moderate  bleeding  from  an  arleij  in  animals,  fiuntzen  observer!  that  the  volume  of  the 
blood  was  restored  in  sevend  hours  ;  lifter  mme  severe  htemorrhnge  in  24  to  48  hours.  The  r^d 
blood  coriiuscles,  after  a  loss  of  blood  equal  to  ]'l  to  4 '4  per  cent,  of  the  body-weight,  an; 
restored  only  after  7  to  34  days.  The  regeuerutioii  hnjitts  i*fter  24  hours.  During  the  period 
of  regeneration  the  number  of  the  blood -co  rjuiscles  in  an  uarly  stsge  of  development  is  increased. 
The  newly -formed  corpuscles  coutaiu  less  Hb  than  uornml  {Jai\   t/.  Otiy     Even  in  man  the 
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diimtion  of  tlie  period  of  regftjerntiou  duinujiti  upon  the  oinoiint  of  blood  lout  {Lyon).     The 
aiiioimt  orii*moglobiri  la  dmiiniHht'd  nearly  in  projioition  to  tht  amount  of  tlic  hferaonhnge 

[Hfflmorrhagefl  in  cold-Mooded  animals, — Thts«  aiiiiimls  eau  bear  very  ron side itible  Ioh,h  of 
blood,  and,  in  iiuit,  llit-  fio^^  can  live  for  a  con.Hiilprablo  time  uithout  blond.  In  the  expniiieiit 
of  Cohnbtdm  known  as  thi-  "salt  ftog,"  nil  the  bkxid  h  washed  tmt  of  it^j  ve«Hd«  by  means  of 
normal  saline  solution  ("75  [hii  wiit,  NaCl)  and  the  hi ocuK vessels  nre  filleil  with  the  samu  lliiid. 
iSiudi  a  h'Ofi  will  live  for  several  dtty.n^  and  the'  elimination  of  CO^  goe«  on  as  in  an  iiitai^t  frog. 
This  experiment  obviously  hoBa  very  imprtant  bearing  on  the  i)ini.tiLin  as  to  tlie  seat  of  the 
formatiun  ol  iX*2— i.^",,  whetbijr  it  is  formed  in  the  blood  or  in  the  tissues.  It  clearly  points  to 
the  latter  vit-vv,] 

MetAboilBm  in  AnaQmia. — Tiie  rondifion  of  (he  mdaMhm  in  the  ease  of  peraons  siiireiing 
from  amvmitt  is  importftut.  The  decomposition  of  proteida  in  inrrensed  (the  same  is  the  rase  in 
hnnger),  hence  the  excretion  of  ureji  is  incrensed  [Bau^r].  The  decani psition  of  fnU,  on  tlie 
contrary,  ia  dinrinished,  whieh  stands  in  relation  with  tlni  diminution  of  C0„  given  olV. 
Am^mic  and  ehlorotle  ijeriions  put  on  fat  eiijiily*  The  fatt<'ning  of  cattle  in  aiJed  by  iwcasioiml 
bleediu^s  and  by  iulernunent  [►erioda  of  hunger  {ArLsfotlf). 

{2}  An  excessive  thiekeiiijig  of  the  bloml  throunrh  [oaa  of  water  is  e ailed  OligBQmia  sieca. 
This  occurs  in  niun  after  copious  watery  evacn?itions,  an  in  cholera,  so  that  I  he  tliiek  tarry 
blood  .stagnates  in  tbe  ve^eb.  Terhapa  a  Himilur  eondition — though  to  a  le&s  degree — may 
exist  after  very  copious  perspiration, 

(3)  If  the  ju'oteiiLs  in  blood  be  abnormally  diminished  the  condition  is  called  OlJgEDmia 
hypalbuminosa  ;  they  mny  he  diminished  abimt  one  half,  Tbey  are  nanally  replnte  i  hy  an 
exee&i^  of  watt-r  iu  the  blood  [so  that  tbe  blood  is  waterVt  eonstitnting  hydncmiaj.  Loss 
of  albumin  from  the  hlood  is  caused  direL-tly  by  albuminuria  (25  grams  of  albutuin  may  h*^ 
given  off  by  the  urine  daily),  pei^jj^tent  suppuration,  great  loss  of  milk,  extensive  cutaneoiis 
nlceration,  alliuniinous  diarrluva  (dysentery J.  Ficijneut  and  copiotta  litem orrhiiges,  however, 
hy  increasing  tlie  absorjrtion  of  water  into  the  vessels,  at  first  prod n res  oliuppmia  hvpnlhuminrisa. 

For  the  abnormal  cnangea  of  the  red  and  white  blood- 
corpuscles,  st-t?  §10;  foi'  Hemophilia,  g  28. 

[Organiama  in  the  Blood. — The  pre.seuce  of  aninnd  and 
veget-;ihle  pj^rasites  in  the  blood  givc^  rise  lo  certain  di^'ases. 
Some  <i!  these,  and  enpeinaliy  the  vegetable  organisn^s, 
have  the  power  of  midtiidyinj^  in  the  blood.  The  vc^^etabh' 
forms  belonging  to  tlie  echizomycetea  oi-  tisaiou  fungi  are 
frei|viiently  spoken  of  cuUeetively  under  the  title  bacteria. 
They  are  clasaitied  by  Colin  into 

L  8 pbfero bacteria 

II.  MitTohacteria    ^ 

Ml.  DesniobiiLteria    -  exhibit  moveni»/nls. 

IV,  .Spiiobaet<*ritt 

These  forms  are  shown  in  fig,  32.  The  niierrjeocci  (A)  are 
examples  of  L ;  while  liai-terium  termo  (B)  is  an  example  of 
II.  In  lU,  the  members  are  short  eyliudrical  rods,  straight 
{Bacillus,  D)  or  wavy  (V^ibrio,  C),  Splenic  fever  of  cattle  is 
due  to  the  presence  of  Baci  I  lua  anthraci^  ( tig.  32).  These  rod  - 
'  sliaj>ed  bodies  under  projicr  conditi:>ns  divide  tmiisversrly  ai^d  elougntCj  hut  they  also  form 
»^>orf!«  in  tbeir  interior^  which  in  turn  under  ap[»roprii*te  conditions  may  gennlnatte.  Class  IV. 
is  representee!  by  two  geneni,  Smrofbieta  and  Spirillum  (fig.  32),  the  fornu'r  with  close,  and 
th<j  latter  with  open  spiruls,  Ihe  Spirocbieta  Ubermeieri  (often  spoken  oif  as  "spirillum") 
is  present  in  the  blood  during  the  paroxysms  in  persons  sutJeriiig  from  rehi[ksing  fever.  Amongst 
animal  i>arasites  are  Filaria  sanguinis,  and  Uilbarm  Hai'matolda,  whieb  occurs  in  the  j>ortal  vein 
ond  iu  the  veins  of  the  urinary  apparatus.] 


Fig.  32, 

A,  micrococcus  ;  B,  bacterium  ; 
C,  vibrios  ;  D,  bacilli  ;  E,  spir- 
illum. 
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42.  OENEEAL  VIEW 

uiotion,  being  carried /?*om 


Fig.  83. 
Scheme  oftJie  circulation, — a, 
right,  h,  left  auricle ;  A, 
right,  B,  left  ventricle ; 
1,  pulmonary  artery  ;  2, 
aorta ;  7,  area  of  pul- 
monary, K,  area  of  sys- 
temic circulation  ;  o,  the 
superior  vena  cava ;  G, 
area  supplying  the  infenor 
vena  cava,  u\  d,  d,  in- 
testine ;  7/1,  mesenteric 
artery ;  y,  portal  vein ; 
L,  liver  ;  h,  hepatic  vein. 

mirabile  is  formed,  such  as 


— The  blootl  within  the  vessels  is  in  a  state  of  continual 
the  ventricles  by  the  large  arteries  (aorta  and  pulmonary) 
and  their  branches  to  the  system  of  capillary  vessels, 
from  which  agam  it  passes  into  the  veiyis  that  end  in  the 
atria  of  the  auricles  (TK.  Harvey^  1628). 

The  cause  of  the  circulation  is  the  difference  of 
PRESSURE  wliich  exists  between  the  blood  in  the  aorta 
and  puhnonary  artery  on  the  one  hand,  and  the  two 
venae  cavse  and  the  four  puhnonary  veins  on  the  other. 
The  blood,  of  course,  moves  continually  in  its  closed 
tubular  system  in  the  direction  of  least  resistance.  The 
greater  the  difference  of  i)ressure,  the  more  mpid  the 
movement  will  be.  The  cessation  of  the  difference  of 
pressure  (as  after  death)  naturally  brings  the  movement 
to  a  standstill  (§81).  The  circulation  is  usually  divided 
into — 

(1)  The  greater,  or  systemic  circulation,  which' 
includes  the  course  of  the  blood  from  the  left  auricle 
and  left  ventricle,  through  the  aorta  and  all  its  branches, 
the  capillaries  of  the  body  and  the  veins,  until  the  two 
venae  cavse  terminate  in  the  right  auricle. 

(2)  The  lesser,  or  pulmonic  circulation,  which  in- 
cludes the  course  from  the  right  auricle  and  right 
ventricle,  the  i)uhnonary  artery,  the  pulmonary  capil- 
laries, and  the  pulmonary  veins  springing  from  them, 
imtil  these  open  into  the  left  auricle. 

(3)  The  portal  circulation  is  sometimes  spoken  of 
as  a  special  circulatory  system,  although  it  represents 
only  a  second  set  of  ca])illaries  (within  the  liver)  intro- 
duced into  the  course  of  a  venous  trunk.  It  consists  of 
the  vena  ]X)rtarum — formed  by  the  union  of  the  intes- 
tinal or  mesenteric  and  splenic  veins,  and  it  passes  into 
the  liver,  where  it  divides  into  capillaries,  from  which 
the  hepatic  veins  arise.  The  hepatic  vein  joins  the 
inferior  vena  cava. 

Strictly  speaking,  however,  there  is  no  special  portal  circula- 
tion. Simitar  arrangements  occur  in  other  animals  in  different 
organs,  e.g.^  snakes  have  such  a  system  in  their  sapra-renal 
capsules,  and  the  frog  in  its  kidneys.  When  an  artery  splits  up 
into  tine  branches  during  its  course,  and  these  branches  do  not 
form  capillaries,  but  reunite  into  an  arterial  trunk,  a  rete 
occurs  in  apes  and  the  edentata.     Microscopic  retia  mirabilia 
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exist  in  the  human  mesentery  {Schdbl).     Similar  arrangements  may  exist  in  connection  i^ith 
veins,  giving  rise  to  venous  reiia  mirahilia. 

48.  THE  HEABT. — The  muBcnlar  fibres  of  the  mammnlinn  heart  consist  of  short  (50  to  70  ^ 
in  man),  very  fine,  transversely  striated  fibres,  which  are  actual  unicellular  elements,  devoid 
of  a  saroolemma  (15  to  25  /i  broa<l),  and  usually  divided  at  their  blunt  ends,  by  which  means 
thev  anastomose  and  form  a  network  (Hg.  34,  A,  H).  The  individual  muscle-cells  contain  in 
their  centre  an  oval  nucleus,  and  are  held  together  by  a  cement-substance,  which  is  blackened 
by  silver  nitrate,  and  dissolved  by  a  33  per  cent,  solution  of  caiLstic  potash.  This  cement  is 
also  dissolved  by  a  40  per  cent,  solution  of  nitric  acid.  The  tmusverse  stria:  are  not  very 
(lisUnct,  and  not  unfrequently  there  is  an  appearance  of  longitudinal  striation,  produced  by  ii 
number  of  very  small  granules  arranged  in  rows  within  the  fibres.  The  fibres  are  gathered 
lengthwise  in  bundles,  or  fasciculi,  surrounded  and  separated  from  each  other  by  delicate  processes 
of   the  perimyaliim.     When  the  connective-tissue  is  dissolved  by  prolonged  boiling,  these 


Fig.  34. 

A,  muscular  fibres  from  the  heart  of  a  mammal,  aud  C  from  a  frog ;  H,  transverse  section  of 
the  cardiac  fibres  ;  6,  connective-tissue  corpuscles  ;  c,  caiallaries. 

bundles  can  be  isolated,  and  constitute  the  so-called  ''fibres"  of  the  heart  The  ti-ansverse 
•ectiona  of  the  bundles  in  the  auricles  are  ]M)lygoiial  or  rounded,  while  in  the  ventricles  they 
are  eomewhat  flattened.  [The  muscular  mass  of  the  heart  is  called  the  myocardium,  and  is 
invested  by  fibrous  tissue.  It  is  important  to  notice  that  the  connective-tissue  of  the  visceral 
pericardium  (epicardinm)  is  continuous  with  that  of  the  endocardium  by  means  of  the 
perimysium  surrounding  the  bundles  of  muscular  fibi-es.]  The  fine  sjmces  which  exist  between 
these  bandies  form  narrow  lacume,  lined  with  epithelium,  and  constituting  part  of  the  13'mphatic 
system  of  the  heart 

[The  cardiac  mnscular  fibres  occupy  an  intermediate  ])osition  between  strined  and  plain 
museolar  fibres.  Although  they  are  strii»ed,  they  are  involuntary,  not  being  directly  under 
the  influence  of  the  will,  while  they  contract  more  slowly  than  a  voluntary  muscle  of  the 
akeletoo.]  In  the  frog's  heart  the  muscular  fibres  are  in  shape  elongated  spindles,  or  fusiform, 
in  this  respect  resembling  the  plain  muscle-cells,  but  they  are  transversely  striped  (fig.  34,  C). 
They  are  easily  isolated  by  means  of  a  33  per  cent,  solution  of  jmtash  or  dilute  alcohol. 

44.  ABSAHOEMEVT  OF    THE  CAEDIAC  MTJSCULAE  FIBEES.— The 

study  of  the  embryonic  heart  is  the  key  to  a  proper  umlerstandiiig  of  the 
complicated  arrangement  of  the  fibres  in  the  adult  heart.  The  simple  tubular 
heart  of  the  embryo  has  an  outer  circular  and  an  inner  lomjitwJinal  layer  of  tibi-es. 
The  septum  is  formed  later;  hence,  it  is  clear  that  a  ])art,  at  least,  of  the  tibres 
must  be  common  to  the  two  auricle^  and  a  part  also  U)  the  two  ventricles,  since 
there  is,  originally,  but  one  chamber  in  the  heart.  The  muscular  fibres  of  the 
auricles  are,  however,  completely  neparatetl  from  those  of  the  ventricles  by  the  fibro- 
cartilaginous rings.  In  the  auricles  the  fundamental  arrangement  of  the  embryonic 
fibres  partly  remains,  while  in  the  ventricles  it  becomes  obscured  as  the  cavities 
undergo  a  sac-like  dilatation,  and  also  becc^me  twisted  in  a  spiral  manner. 

(1)  The  mvieillar  fibres  in  the  auricles  are  completely  separated  from  the  fibres 
of  the  ventricles  by  the  ./f^ot^  rings  which  sun-ound  the  auriculo-ventricular  orifices, 
and  which  serve  as  an  attachment  for  the  auriculo-ventricular  valves  (tig.  35,  I.). 
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Till'  auih'leH  ure  uuuli  tiiiiHur  thmi  the  vt^ntriiles,  and  t\mi  Iiht\j8  art*  gtpnerally 
arrange) I  in  Iwu  layers;  tin*  onter  tinn^i^^ir^e  Inyt'Y  is  contiiuuiii.s  over  lN>th  auricK'8, 
whikt  tlu'  innc^r  one  i.s  direLted  iontjitwHiiaibj,  Tin-  ouUh'  transverse  fibres  may  lie 
traced  fmm  the  (>[jeDin^H  of  the  veiu^nn  trnnks  ajiteriorly  and  j>o8tenorly  over  tin; 
aiiricnkt'  walls.  The  langitndiiial  iil>res  are  a]>eeially  well  luiirkt'd  where  they  anj 
itLserte<l  inUi  the  tibrocartikij^'intais  rings^  while  in  some  jartt*  of  thi'  iint<*ru>r 
anrit^ular  wall  they  are  not  continuous^.  In  tlie  fiunffflar  gepfuw^  some  tihrca, 
eireularly  disjKised  aronnd  the  ;W'f  (Waiis  (fortnerly  ihcj  omljryunie  f>|>euLOg  of  the 
foranieii  ovale )j  itve  well  niarlve^L  Cirruhir  hmfti-t  of  .stri[»ed  ninwle  exi^t  aroinal 
the  veim  where  they  open  into  the  heart  ;  tliese  are  least  marked  on  thi"  iiiferii*r 
vensi  euva»  and  are  stronger  and  reueh  hiji^'her  (2  5  em.)  on  the  snpi'ricjr  vena  envu 
(Hg.  35,  IL).  Siniilitr  lihres  ixist  aroniid  the  |(uhnoiiary  veins,  where  they  join  the 
li*ft  auriele,  anil  these  tihres  (whieh  are  arranged  as  im  inin-^r  rin-idar  and  .in  onter 
longitudinal    layer)   ean    be    traeid  in  the    hihis  <»f    the  lung  in  man  and  some 


Fig.  86. 
L  Cuurse  of  ila*  muscular  liWes*  ou  the  left  aurirli^  witli  tla*  outer  traawwrse  and  inner  longi* 
tutlinal  fibres,  thp  circular  fibres  on  the  pulijionary  veiiij»  (r.  p.)  ;  V,  tlie  kft  venlnele  (JaAm 
liriH).     11.   ArTJiUgemt'Utof  the  strijKjd  luuieukr  librea  oji  the  sujxTior  veun  eAva  {EUnrh^r) 
— CI,  opening  of  vena  azygos  ;  r,  auricle. 

mammals ;  in  the  ape  and  mt  they  extend  on  the  jiulinonary  veins  riglit  iirto  the 
hing.  In  the  mouse  and  bat,  again,  the  .striped  museular  libreis  \M\m  so  far  into 
tho  lungs  that  the  walls  of  th--  smaller  veins  are  largelv  eoni|»osed  e*f  striped  n»nscle 

Cinnilar  musenhir  fibrt^ss  are  found  wliere  tlie  vena  magna  e*irr|i.H  i>iit«  r>  the  heart, 
and  in  the  Vafvnla  ThflK^^il  whieh  guards  it. 

Physiological  Significance. —(1)  Tlie  anrieles  eontrart  iwh'pfudtnllij  of  tin* 
ventrieles.  Tliis  li^  seen  when  the  lieart  is  abrait  to  diiv;  when  there  may  be  sevoral 
Buricnlar  contractions  for  one  ventrienhir,  and  at  last  only  tlte  auricles  |julsat«. 
The  anrienlar  jxirtion  of  the  right  auricle  betrts  longest;  hence  it  is  avlkMl  the 
**ultinann  moriens,"  In<lej}erident  rhythmical  ciaitraetifms  of  the  venoe  cavae  and 
ptdimmary  veins  an*  r^ften  nytieed  after  tln^  heart  has  ceaHed  tt*  be.»t.  [This  beating 
can  also  W  observed  in  those  veijis  in  a  nibhit  after  the  heart  is  cut  out  of  the 
Imly.] 

(2)  The  double  arrangement  of  the  fibres  (transverse  and  IniigitmlinaJ)  prtHlnees 
a  siinnlUnieouH  and  wiifonn  diminution  of  the  aurietdar  cavity  (sneli  as  occurs  in 
most  of  the  hollow  vi.scera), 

(3)  The  eontniction  of  the  eirenlur  muscular  fibres  around  the  venons  orifices, 
ami  thesuhsei|uentcotitniction  of  the  auricle,  cause  these  veins  to  empty  themselvea 
into  the  auricle  ;  and  by  tiieir  i»resenc<*  and  action  tliey  prevent  any  large  qnantity 
of  blotxl  from  i)assing  backward  into  the  veins  when  the  auricle  contmet^.     [No 
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valves  are  pre^^nt  in  the  .s^iju-riitr  imd  infirjor  viiia  cava  in  the  aihili  hwirt,  or  in 
tiio  jwhnoiiary  veint?,  hi  uce  tlu^  ectntrnctioii  of  thes<*  i-irtnilar  muHcular  tiljiv?;  plays 
an  important  part  in  preventing  atjy  rctiiix  of  blood  during  tlie  contraction  of  the 
an  rid  e,^,] 

46,    ABE Alf DEMENT    OF    THE    VENTRICULAR    FIBRES— (2)    Tlie 

muacElar  fibres  in  lln-  thiek  wall  of  the  Tentricles  mi'  armnged  in  several  layers 
nnd^r  tlie  prFirariliiiin  (Hg.  36,  A).  First,  tlieiv  is  im  imter  iomiitndinal  layer  (A), 
which  is  in  the  frinni»f  singk*  hnmlles  oji  the  right  vi^ntricle,  Imt  forms  a  eoiiiplet<^ 
layer  on  the  left  ventricle,  where  it  measure.s  ahont  one-eighth  of  the  thitkncsa  of 
the  ventricnlar  wall  A  ^^ram/  iomjihuUnal  layer  of  tilings  licr^  nii  the  imif^r  sttr/arr. 
of  the  ventriele^j  tlistin*"tly  viwihle  at  the  tiritices,  and  witbin  the  vertically  phiccd 
paiallary  muscles,  whilst  elsewhere  it  i*?  repkced  by  the  irreguhuly  arnmged 
traliceulati  earnea?.  Between  these  two  layers  there  lies  the  ihieki^st  layt-r,  eonsinting 
of  more  or  lem  transverH'lif  armnged  bundles,  which  may  Ih-  broken  up  into  single 


^^ 


Fig.  36. 

Course  oF  the  veutrieukr  muacukr  flbit's.  A,  on  the  Huteruir  surface  ;  R,  view  of  the  apex 
with  the  vortex  ;  C^  course  <jf  the  librts  within  the  vt-ntrieular  wdl ;  D,  tibrea  pAsiimg 
into  a  impillary  niusck  {p). 

layei's  mnre  nr  leas  circtilnrly  disspofcse*!.  The  deeji  Itjmphittk  vejuseh  rnii  between  the 
layers,  whilst  the  hfocHf-rPHAels  lie  within  the  subst^uice  of  the  layers,  and  are  sur- 
rounded l»y  the  prinntive  bundles  of  muscular  libre.s.  All  three  layers  are  not 
completely  imlepetulent  of  each  other;  nn  the  contrary,  the  tibres  which  run 
ohliqud^  form  a  gradual  tiaimUon  Ixitweeti  the  transverse  layers  and  the  iiuier  and 
(juter  longituilinal  layers.  It  is  not,  however,  quite  correct  to  sissunie  that  tlie 
outer  loiigitudinal  layer  gradually  jmsses  into  the  transverse,  and  this  again  into 
the  inner  longitudinal  layer  (as  is  shown  seliematically  in  C) ;  because,  as  Henle 
jKiinteil  out,  the  transverse  fibres  are  relatively  far  greater  in  ainonnt  In  general, 
the  tmttr  kmgittidinal  fibres  are  so  arranged  as  Uy  cross  the  inner  longitudinal  layer 
lit  an  acute  angle.  The  ti^nsversc  layers  lying  between  these  two  form  gradual 
tranBitions  l»etween  these  directions.  At  the  ai>ex  of  the  left  ventricle,  the  out4^r 
longitudinal  fibres  bend  or  curve  m  as  t*j  meet  at  the  stw^^iiled  vortex  B,  w^here  they 
enter  the  nuiscnlar  sid>stance,  and,  taking  an  ujnvurd  and  inward  liirection,  reach 
thi*  jjupillary  must^les,  P,  D  ;  althougli  it  is  a  mistake  to  siiy  that  all  the  bundles 
wdiich  ascend  to  the  pajiillary  niuseles  arist*  fn>m  the  vertical  hhres  of  tlie  outer 
surface  ;  many  seem  Uy  arise  ijidei>emlently  within  the  ventricular  wall  According 
to  Henle,  all  th^"  external  longitudinal  hbres  do  not  arise  from  the  fibrous  rings  or 
the  nx>t^  of  the  aiteriea.  The  mitral  orifice  is  surrounded  by  circular  fibres  which 
act  like  a  sphincter  ( Henh), 
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[The  aasumption  tlmt  the  mim^li^.^  of  tho  vetitricl**  nic  arrnnged  ho  as  to  form  a  figure  of  8,  or 
ill  loops,  senilis  to  be  incorrect  ;  thus,  tibreg  are  sriid  ti>  arise  at  the  ha^o  of  the  vvntricle,  to  pass 
over  itj  and  to  raatjh  tho  vortex,  whiTii  tlicy  jiasj*  into  the  iuterior  of  tJie  imiscular  substance?,  to 
end  cither  in  the  papillary  mu^seles  or  Iji^^h  up  on  the  inner  surface  of  the  heart  ut  ita  biwe. 
Figs,  C  and  D  give  a  schematic  representation  of  tlib  view.  J 

Only  the  geperalarrangenietit  of  the  ventricular  muscular  fihres  has  been  indicated.  Accord- 
ing to  Pettigrew»  there  are  jjeveu  Inyera  in  the  ventrkk',  viz.,  three  external,  a  fourth  or 
central  layer,  aud  three  internal.  These  internal  layer»  arc  eontiniioutj  with  the  corresixiuding 
external  layers  at  the  apex,  thus — one  and  seven*  two  and  six. 

46.  PEEIOAEDTTTM,  ENDOCARDIUM,  VALVES. ^The  pericardium  enclojies  within  ita  two 
layers  [visceral  and  jiTiriptiill  a  lytnph  npace — the  pericanlial  space— which  coutaina  a  small 
quantity  of  lymph — the  pericardial  Huid.  It  lias  the  stniLturo  of  a  sEiiors  membuane,  i.e.,  it 
ctmsista  of  couriedivt-iijiifw^  mixed  Avith  .A'/ie:  thKdkfibrai  arranged  in  the  form  of  a  tliin  delicate 
membrane,  and  covered  on  its  free  surfaces  with  a  ningle  layer  of  epithelium  or  rmfofhefium, 
Gomposfd  of  irreji^ilnr^  polygonal,  flat  cells.  [Like  serous  cavities  generally,  it  is  a  eh>sc4l 
cavity,  and  does  not  conmHiuic*te  with  the  exterior.]  A  rich  lymphatic  ndicark  liea  under  the 
pericardium  (fi^.  29)  and  entlociirdium  ;  also  in  the  dee|>er  layers  of  the  viseeral  i^ericardinrn 
next  the  heart  and  hetween  nmHcular  bundles  {SaliHoli).  No  stoma ta  e.\ist  either  en  its 
visceral  or  parietal  layers.  Aronnd  the  cotonary  arteries  of  the  benrt  exiat  lynrph-vesaets  and 
iie[>08ita  of  fat,  which  lie  in  the  furrows  and  grooves  in  the  suhscrvm  ol  the  fpicttrdinin 
(viseeml  layer). 

The  endocardium,  next  the  cavity  of  the  htrart,  consists  of  a  singh'  layer  of  polygonal,  flat^ 
nucleated  tiuhUuflial  cell.!?.     [Under  this  there  is  a  nenrly  homogeneous  hyoline  liiyer  (fig.  37.  a\ 

slightly  thicker  on  the  left  side,  which 
giv'cs  the  endoaudinm  its  polished  ap- 
peanincoj  Then  follows,  a  a  the  basin  nf 
(h*'  Hififnbfntif,  a  layer  of  fine  ela$iic  Jihrt* 
— atroDger  in  the  auricles,  and  in  nome 
placea  thereof  a&suming  the  eliaraetera  of 
a  fcneatrated  membrane.  Between  thejio 
tibrea  a  sruall  <)uautity  of  couuective- 
tisaue  eidstH,  which  h  in  lar>(er  amount 
and  more  areolar  iti  its  charactera  next 
tlio  myocaniium.  Uun^^U^  of  non'Mriped 
mu.Hrufar  fibres  (few  iu  the  auricles)  art 
Hcattered  jituI  arranged  for  the  nios^t  {nirt 
longitudinally  between  the  elastic  fibre*. 
These  seem  evidently  meant  to  resist  the 
distension  which  is  apt  to  occur  when  the 
heart  contracts  and  great  ] tress u re  is  put 
upmi  the  eijdoeardinm.  In  all  ca.ses  where 
high  pressure  is  put  ujtou  walls  composed 
ol  soft  parts,  we  always  find  muscnlar 
No   btood-m^cls  oecui*   in    the   cmbiii  inlinm 


(I,  hyaline  layer ;  ^, 

Jibrea  ;    c,    network    of 

f,    myocardium    with 


Section  of  the  end>M  i.liiin 
network  of  line  iLiMtiu 
stronger    elastic    fibres; 

blood- vesaola,  which  do  not  pass  into  the  emio- 
cardium. 

fibres  present,  and   never  tlastic   fibres   alone. 

The  valves  ul HO  belong  to  tin*  ('lulaconlimu— both  the  iiemi-himir  vaUifi  uf  \\w 
aorti  ami  piilinoiiiirv  iutpry,  whitdi  jirini'iit  the  Ij1«mm1  fitUii  passing  Uick  into  the 
vt?iitrieles,  and  the  trifUi.Hpid  {n(jfii  annruh«-ventrifulur)  ami  iwiti-Jil  {kff  anrienln- 
veiitricnbir),  whit'h  protect  the  imrirles  from  tin*  same  ivsnlL  Tin*  lower  verte* 
Itratxi  have  valves  in  the  orifii-ea  of  the  venae  eav*T,  whieh  prevent  regni;^itiitiMii 
intfi  them;  while  in  birds  ami  fionm  mammals  these  valves  exist  in  a  ruilimenUiry 
condition.  The  valve.n  are  fixed  by  their  bii.se  to  re.siHt;itnt  fibrous  riuffs^  etinsisting 
of  elastic  and  filmms  ti.s.sne.  They  are  formed  of  two  layers^(l)  tla^  fibrous^ 
whieh  is  a  diivct  euiitiniuition  of  the  fibrous  ringn,  and  (2)  a  layer  of  elastic 
eb-meiits.  The  ehistie  layir  of  the  anncnb>-ventmnbir  valves  is  an  immetliate 
prolongation  of  the  endiMardinin  of  the  auricle.s,  ami  is  directed  towartls  the 
auricles,  Tim  semi  lunar  valves  have  a  thin  elii.stie  layer  directed  towards  th«^ 
arterii\%  whieli  i.s  thieke.st  at  tlndr  ba,se.  The  eonneetive-tissne  layer  directed 
k> wards  the  ventricle  is  abfmt  half  the  thickness  of  the  valve  itself. 

The  auriealo-ventrieular  valves  also  eontnin  striped  muscular  fibres.  Kadiat- 
ing  fibres  proceed  from  the  auricles  and  [)a8.s  into  the  valves,  which,  when  tht* 
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atria  contract,  rt^trai^t  the  VEilves  tuwanlH  tlieii  liii.s<%  smi\  thus  uiukn  a  larger  o|H^iimg 
for  tilt'  i>a8Siige  of  thi>  blooil  into  the  veiitrirli'S  ;  at'toriliiig  to  Paludino,  tliey 
niise  the  valves  aft^r  they  have  been  [>ressed  down  liy  the  Idnnd'currexit. 
This  observer  also  deseriljed  some  longitudinal  fibres  whirh  proeeed  from  the 
ventrieles  to  enter  these  valve.H.  There  is  also  a  eoneentrie  layer  of  filin'ti 
arranged  near  their  point  of  att^ichiueut,  and  direeted  more  towards  their 
veiitricnlar  surface.  These  fibres  seem  to  eoiitraet  sphincter-like  wheu  the 
ventriele  eontmct^,  and  Uui'*  apia^oximate  the  base  of  the  valves,  mid  no  prevent 
too  great  t^*n^ion  being  i»nt  uj»uii  them.  The  larger  chordtT  temlineoe  also  eontain 
striped  ninscle,  while  a  delicate  miiseidar  netw<jrk  exists  in  the  valnda  TbelHsii 
and  valvtda  Kustaehii. 

Parkinje'fl  Fibres  consist  of  an  ftniuitomosiiig  sy^item  of  gruyisb  fibres  whicli  cxhi  iij  tht*  Bub- 
eudocarLliali  tissae  of  the  ventricles^  especmlly  ia  the  heart  of  the  «heep  anil  ox.  The  fibres  are 
made  uj)  of  |>olyhetlriil  clear  cells,  coatainiag  some  gtanakr  i>ratojjlaaiii,  ami  ununlly  two  aaclei 

tifig.  S8).     Tlie  margins  of  tlie  cells  arc  Btriated.     Transition*  for  ma  are  found  between  these  cells 

fAnd   the  oitlinary  tiardiac   fibres  ;   in  ^ — ^^___^ 

fact,  these  cells  become  coatinuons 
with  the  triiti  fully  develo[>ed  cardiac 
fibres.      They   reprej*ent   cells    whieb 

klmve  been  aii'ested  in  tlieir  ilevekap- 

►  meat.  They  aio  absent  in  man  and 
the  lower  vertebmteSj  bat  in  bird.sand 
some  mammals  they  are  well  marked 
{ Sch U'Hiftjt I'- Sr ttk f,  iwi n V iff). 

Blood- VesBek  vcvuv  in  the  aiu*icu!o- 
ventricalar  valves  only  where  muscular 

[ fibres  are  present,  while  the  scmidunar 
Yalves  are  usually  devoid  of  vessels  ex- 
cept at  their  base.  The  best  fignres  of 
the  blood -vessf^k  of  the  valves  aregiveti 
by  Laiijjfer  and  Daiier.  The  network  of 
lymphatics  ia  theemlocaidinm  reaeh^s 
towards  the  Jniddle  of  the  valves. 

Weight  of  the  Heart.  — Accord i  tig  to 
W.  Mitllei  the  proprtinn  between  the 

[  weight  of  the  body  and  the  heart  in  the  child,  and  until  the  l>ody  reaches  10  kilos.,  is  5  grras.  of 
hoart-sal>stBnee  to  1  kilo,  of  body -weight;  when  the  body -weight  is  from  50  to  90  kilo^i,  the  ratio 
is  1  kilo,  to  4  grnis,  of  heurt-substatiee  ;  at  100  kilos.  3  "5  grais.  Aa  age  advances,  the  auricl«-s 
becoiue  stronger.  The  right  ventricle  is  half  the  weight  of  the  left.  The  weight  of  the  heart 
of  an  adult  nisin  is  aboat  309  grms.  ;  female,  271  grma.  [According  to  Laennec  the  heart  is 
about  the  size  of  the  elosed  fist  of  the  individual.]  Bloafeld  and  Dieberg  give  S46  grms.  for 
the  male,  and  310  to  340  gnus,  for  the  female  heart.  The  sjfucijfc  ffraviltj  of  the  heart-musde  is 
1"069,  The  thiekiies.^  ol'  the  left  ventricle  in  the  middle  in  man  is  11*4  mm,,  and  in  woman 
1X15;  that  of  the  right  is  4"1  ami  3*6  muL  respectively. 

47.  AUTOMATIC  EEGULATION  OF  THE  HEABT,— Aoatomaticftl  Inve8dgfttionB.^The  two 
coronary  arteries  arise  from  the  first  part  of  the  aorta  itt  (he  rctjmi  of  the  sinus  of  Valsalva. 
The  position  of  origin  variej^— -(1)  either  the  oritkes  lie  within  the  sinns,  or  (2)  their  0{>eniBgs 
are  only  partially  reached  by  the  margins  of  the  semi-lunar  valves  (which  lis  usually  the  es»e  in 
the  kft  coronary  artery  of  nmn  and  the  oxh  or  (3)  their  oriheea  lie  clear  above  the  margins  ol 
the  valves.  Post-morleni  observations  aeeai  to  ahow  that  during  contraction  of  the  ventricle 
it  is  very  improbable  that  the  semi-lunar  valves  constantly  cover  the  origin  of  the  coronary 
arteries. 

Automatic  Eegulation  of  the  Heart  ^ — Briicke  attompted  t^:>  whow  that  during 
the  .nystoif',  or  conti action  nf  the  ventritde,  the  Heiai-luiiar  valv(\s  t"«n</rrd  the 
ojieniugs  of  the  <  oronary  arteries,  m  that  tlu^Hi^  vessels  rould  lie  tilled  with  IdtMid 
oiily  diiriii^  the  diastole  or  relaxatitJli  uf  the  Vi-iitriele.  Ti*  hiiu  it  iiemned  that  (a) 
tlie  iliastolie  filling  of  the  etuonary  arteries  vvoidd  help  to  dilate  the  veutrit  les; 
(/>)  on  tlu"  coiitniry,  a  ftystolir'  tilling  of  tlavsB  arteriefi  wonld  ojipose  the  eontnte- 
tioii,  l>eeanse  tlu*  systolic  hlling  ami  exp^dsion  of  the  hlotid  from  the  eorouary 
f  ftrteries    would    (linuiii!^li    the    ifciiTe   of   the    veiitricnlar   eoutraction.      [To    this 


Fig.  38. 
ParkiDJe*s  tibres  isolnted  with  dilute  alcohol.     i\ 
f,  striated  substance  ;  n,  nncleas,      x  300* 


cell  ; 
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siiinjosed  arrangement  Briicke  gavf  Uw  name  "  iSeltiststeuerimgi"  which  niay  he 
rt"n»kn*<l  as  al>ove,  or  i\8  *^srlf-r<>iiti'<>lliiig"  aeti*io  of  the  heart  hy  tlie  aortic  valv*^s.] 

ArgumoQtfl  againat  Briicke's  View.— The  following  coa.siil orations  niihUte  ugniuet  this 
theory: — (J)  Kilhiig  the  eoroniiry  vesseb  uuder  a  lii^h  preasiirc  iii  a  dead  heart  cause*  a 
duninnUon  of  the  vontrii'iilnr  cavity  {t\  H'ifti'ehy  (2)  TJio  chief  trunks  of  the  cowuixry  arteiieft 
lie  in  loosu  aab-f>erieaitliid  fatty  tissue  in  the  cardiac  sulci,  ijenee  a  dilatfltion  of  the  ventriela 
throa^li  this  agtiijey  is  most  uidikely  {Laitdoh).  (3)  Exfjerimt'iita  on  aiiiaiftls  have  showa  that 
a  coronary  artery  spouts,  like  all  jirteries,  dunajj  the  systole  uf  tbe  veutriele.  Vnu  Zienissen 
found  that  in  the  cnse  of  h  vroiaaii  wlio  hail  a  lar^^u  fnart  of  tin-  outerior  wall  at  the  tlioms 
removLHi  by  an  operatinu^  thi'  heart  being  covered  only  by  a  thin  na?aibrane.  the  pulse  in  the 
coronary  arteries  was  synchronous  with  the  jmlse  in  tlie  [inlmonary  artery.  H.  N.  Martin  ftod 
Sedgwiek  tilaeed  a  manometer  ia  connec  lion  ^^  itli  the  eoronury  artery,  and  another  with  tlie 
carotid  in  a  large  dog,  and  they  found  that  the  pulsitioiis  oeeurrod  simtd{anftynAlij.  When 
a  coronary  artery  is  divided,  the  blood  Hows  out  tontinuonsly,  but  undergoes  acceleration  during 
the  systole  of  the  vt?ntiieles  {End*- man  it,  Ffih),  (4)  Jf  a  stroii;^  intermittent  current  of  water 
big  allowed  to  How  through  a  suttieieutly  wide  tube  into  the  hft  nnritde  of  a  fresh  pig's  heart, 
so  thsit  thii  water  passes  into  the  aorta,  and  if  the  aorta  be  provided  with  a  vertie^il  tube,  the 
water  flows  continuously  from  the  coronary  arteries,  and  is  accelerated  daring  the  systole,* 
(5)  It  is  exceedingly  iniprohahle  that  tlie  coronary  arteries  should  be  hlled  during  the  diastole, 
while  all  the  other  arteries  are  tilled  during  systole  of  tbe  ventricle.  (6)  Tlierit  ia  always  a 
suflicient  tjuaatity  of  hiooil  in  the  sinus  of  Valsalva  to  fill  the  artenes  during  the  tirst  part  of 
thesystok.  (7)  Th«  valves,  ulieii  raised,  are  not  applied  directly  to  the  aortic  wall  {Ifamoerjfer, 
RMingcr)  even  by  the  most  eueri^etia  pressure  from  the  ventHclu  [Satidborg  and  IFarrn  MU/J^r)* 
(8)  Ohservntioris  oa  volaatary  aioscles  have  shown  that  the  small  arteries  ddate  during  con* 
traction  of  the  amsele,  and  the  blnod-stream  is  accelerated.  (9)  By  the  systolic  filling  of  the 
aorta  the  arterial  jmth  is  elongated — tliia  elastic  distension  is  coaipensated  before  the  dia^itole 
occnr^^*  Hy  the  recoil  of  the  aortic  walls  the  layer  of  blood  in  them  is  driven  backwardu  »ud 
closes  the  valves  (Ctmiilni),  According  to  Sandl^org  and  Worm  Miiller,  tbe  sendhmar  valves 
close  i list  after  the  ventricles  have  begun  to  relax,  which  agrees  with  the  curve  obtaino<i  from 
the  lardiac  ini]mls€  (dg.  39,  A), 

During  thii  Kvstob*,  llie  small  arterial  tTuiik.H  lying  next  the  viuxtrirubir  cavities 
have  to  In'ar  a  higher  preiksiire  than  that  home  by  the  aorti,  and  their  lumen  tuust  hf* 
I'omprehjaeil  during  the  8ystole  so  that  their  cotitentrs  are  |iroj)e!le(l  townrda  the  veins. 

Peculiar! ties  of  the  Cardiac  Blood-Vesselfl.— The  mpiUunt  vemeh  of  the  myocatdinm  art? 
very  numerous,  corrcs[>onding  to  the  energetic  activity  of  the  heart.  Whero  thfv  jwss  into 
veiu«,  several  unite  at  once  to  form  a  wide  venous  trunk,  whereby  an  easy  |wssage  is  otTered  to 
the  blood.  The  veiiis  ate  provided  with  valves  so  that  (1)  during  systfile  of  the  right  aurick* 
the  venous  stream  is  interrupted;  (*2)  during  contraction  of  the  veutriclos,  the  blood  in  tJie 
coronary  veins  is  similarly  accelerated  as  ia  the  veins  of  muscles,  Th*>  coronary  arteries  are 
characterised  hy  their  very  thick  connective- tissue  and  elastic  intima,  whii^h  perhaps  accouuta 
for  the  frerjuent  occurrence  of  atheroma  of  these  vessels  {Hf.nk).  Some  observers  maintain  that 
the  coronary  arteries  do  not  anastomose,  bnt  this  is  denied  hy  Langer  and  Krause.  [West  ha  a 
injecteil  the  one  artery  from  the  other*]  Many  of  the  small  lower  vertebrates  have  no  biood- 
vetaelfl  in  their  heart  muscle,  -r.y.,  frog  (//i/rf/). 

Ligature  of  the  Coronary  Arteries.— The  plifinomena  juodneed  hy  parthil 
oblil^vratiuii  or  ligatnre  of  the  eorunary  art<'ne.s  are  most  imfKirtant,  In  man 
amilogons  c*inditions  occur,  as  in  atlieruina  or  caleifieation  of  the-se  artt»rie.s.  8ee 
and  others  have  ligatured  the  coronary  arU^ries  in  dogs,  and  found  that  after  two 
miiint(\s  the  eardiac  coiitraetions  gave  plaee  tti  twit-ehings  of  the  muscular  fibres, 
and  idtimately  the  heart  tx\a8ed  Uy  heat  Ligature  of  the  anterior  eoroitary  artery 
aione,  ur  of  bi:>th  its  l>ranehea.  is  sutlieient  t^j  pnxluce  this  rosnit.  If  the  coroiiafy 
arterien  hv  i"i>mi>rfsseil  or  tied  in  a  rahl>it  in  the  aii^le  between  tlie  hulbus  aortae 
and  the  vetitri«'le,  the  heart's  acticui  is  .soon  weakened,  ovviiig  t-othe  .sudden  aniemia 
ami  Uy  tlie  retention  of  the  deeo«jposition-|»roduets  of  the  mettdiolisin  in  the  heart 
niuwde.  lagature  of  one  art(^ry  fir^t  aifects  the  eorre^sponding  ventricle,  then  the 
other  ventricle,  and,  htst  of  all,  the  «iiriele.s.  Hence,  conipresnion  of  the  left 
eoronary  artery  (with  simultaneous  artitieial  respimtion  in  a  curarised  aiiimaJ), 
causes  blowing  of  the  eontractiojis,  esiieciaUy  of  the  left  ventrieb%  whilst  the  right 
one  at  firHt  contracts  more  tpiiekly,  and  then  graduaily  it-s  rhythm  i*  slowed 
The  eontmctione  of  the  left  ventricle  are  not  only  slowed  but  also  weakened,  whUat 


Sec.  47.] 


CARDIAC   CYCLE. 


65 


the  right  palsiito?:  with  uiidiniinishtHi  force.  Henee  it  follows  tliiit,  m,8  thi^  left  hsilf 
of  the  heart  caiinnt  okik'I  tlie  hlood  iu  HufHcieiit  quiiiitity,  the  left  aiuieli*  heeonies 
tilleilj  whilst  the  right  ventri<  le,  not  l>eiiii^'  atfeeteil^  pintijis  hlood  into  tlie  hm^s. 
iE«lenia  al  the  hni;<s  is  |ircnlneed  by  the  higli  ifressnre  in  the  imhnonsiry  eire illation, 
whii'h  U  projiagiiteil  from  the  right  heiirt  through  tlie  jiuhnonary  vessels  into 
the  left  anriele  {Santuff,s'm  and  Otiiuhtif/t'fi).  Aerfirding  to  Sig.  MiiytT,  protracted 
<^y»[>noea  eauses  tln^  left  ventriile  to  heat  more  feebly  soont-r  than  the  right,  so 
that  the  left  si4e  of  the  heart  l>eeomes  eongesteJ.  Perluips  this  may  exjihiin  tlu* 
occurrence  of  inilmomirv  oedema  during  the  dt^ath-iigony. 

Ctjhnlioim  atid  \\  Sehulthe,Hjt-Ret'hberg  foutiJ,  jifter  lij^ature  of  0 tit?  of  th«  large  bmtichea  of  a 
etiroiiary  artery  in  a  dog,  that  at  the  end  of  a  niinute  the  pulsations  become  iiiteruutteiit» 
Tiiis  iiirirruiittetjce  becomes  niore  pronounced,  the  two  side*  of  the  heart  do  not  contract 
simaltanwously  (arhytlimiaK  the  heart  heats  raore  ^hjwly,  and  the  blood  pressure  falls. 
Suddenly,  about  lu5  seconds  ufter  the  ligature  i*  applioiil,  both  ventricles  ceise  to  beat,  and 
there  13  A  gre;it  fall  of  the  blood -pressure.  After  an  arrc-it  lasting  for  about  10  to  20  seconds, 
twitching  inovemenU  wear  in  tlte  ventriclea,  while  the  auriclea  pulsate  regnlarly,  and  may 
continue  to  do  so  foi  many  minutes,  bat  the  v^entricle^  cea.<ie  to  heat  altogether  aft«r  60  st^'ondn. 
Aceonling  to  l^okjanow,  there  is  a  [teriatrtltic  couditiou  wbiuh  operates  upwards  and  downward.**, 
find  occurs  iu  thy  peinod  between  the  regular  contraction  and  the  twitching  vibratory  move* 
m«?nt,     Stuuulatiou  of  the  vagan  does  not  arre^st  the-se  jtensitaUic  rnoveiueiits. 

PathologicaL  — In  Hocalled  sclerosis  of  the  coronary  arteriea  in  old  age,  there  are  attacks  of 
diminished  cardiac  activity,  weakness  of  the  heart,  and  altei-ed  rhythm  and  frcfiueocy,  with 
t  onseipient  breath les^in ess ;  thort*  may  also  be  Ions  of  couseiousneSiS,  congestions,  and  attacks  of 
puluiunary  ^  edema.    Death  may  lake  pbtee  unexptLtedly  from  sudden  arreat  of  the  Leart's  action. 

48.  MOTEMEHTS  OF  THE  HEAET.— Cardiac  Ee volution.— The  movLment 
of  the  heart  is  chamcteriaod  by  an  alternate  contraetion  and  relaxation  of  its  walls. 


Fig.  3d, 
Diagram  of  the  ae<iuence  of  events  in  the  heart  during  a  cardiac  cycle. 

The  total  rariliae  movement  is  called  a  "  cardiac  revelation,'^  or  a  **  cardiac 
cycle,"  and  eousi^st^  <if  tliree  acts — ^th<^  eootrartion  or  Systole  of  the  auricles,  the 
contraction  or  Systole  of  the  ventricleB,  ami  the  pause  (fig,  39).  During  tlie 
paiiac  the  auricles  ami  ventrif  leH  are  relaxed;  during  the  contraction  of  tlie  auricles 
the  ventrieleiJ  are  at  rest;  whilst  during  the  contraction  of  the  ventrieles  the  uurieloi* 
are  relaxed.  The  rcfit  during  the  pha^ne  of  relaxation  is  tuUed  the  dlaatole. 
The  tliree  c^^eiits— 

8y8U"le  of  the  auricle."*, 

Systole  of  the  ventricle*, 

Pau^e, 

tiible  sliows 


may  be    re j presented    Ijy 
relative  duration  (§51), 


the   ]>reccding   diugraui,   while   the 


th< 


Fig.  40. 

Oist  of  the  vfintrii'les  of  the  human  heart  vievTcii  from  behind  and  nbtwe  ;  Ihu  walls  have  b«eii 
removed,  nnd  only  the  fibrous  rings  and  the  niiricub-veiitHcidttr  vnlvea  are  retAinmi.  L^ 
left,  it*  right  ventricl«  ;  5,  seiitnin  ;  F,  left  hhrous  riii^,  witli  mitral  valve  cloeed  ;  i), 
right  fihrous  ring,  with  tricii»iml  cloeed  ;  A,  norU,  with  the  left  (6',)  uiid  right  ((7)coronAry 
arterww  ;  S^  fitnun  of  VtilsaWa  ;  P,  ptilmotiary  nrtcry. 

trarthn  of  the  (untjs  (^  68),  whieli,  iift<-r  irniiiileto  sy8t-(de  of  the  auriek*^,  pulk 
asimtlpr  the  now  rt*l:ixeil  ami  yicl*l"ig  auricuhir  walls.  The  auricular  appondages 
art*  jiIho  filled  at  the  same  timf,  and  they  aet  Ixi  a  certain  extent  fts  acccsRSory 
reservoirs  for  the  large  Hiipjtly  of  IiIixhI  sireamin^  inli)  the  auricles. 
(B)  The  auriclei  contract,  ami  we  uliservi^  in  rapid  ^ucei^ssion — 
(1)  The  contriiction  and  emptying  of  the  auricular  appendix  towards  the  atrium. 
Simultaneously  the  mouths  of  the  veins  become  narrowed,  owing  to  the  contraction 
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of  til*  ir  i!ir<'iilrir  imisrular  fibres  (iiKtrt*  rsiwrially  the  superior  veiiii  cava  ami  tbi^ 
puJiij^iuiry  v<*iiis);  (2)  the  auricular  walls  r<>utract  siniulttuieou-sly  Unvanls  the 
aurirali>vi'utrii  ular  valv(/s  aud  tlie  vcih>um  urififCH,  whcivljy  (3)  the  V>loo(l  is 
driven  ink"  th^^  rdaxeil  VLUtrirh-s,  whieli  are  tvmsiderahly  disteiuh'd  thereby. 

The  contniftiou  of  tlw  aurieli\s  i^  followed  hy — 

(a)  A  slight  stafj[uiiti<(ii  of  tlie  l»lood  in  the  hirgi*  veuouis  truiiksj  tin  ctUi  be 
t^hserved  iu  a  rabbit  after  division  of  the  pectoral  muselei?  so  ils  to  exjit^'^e  the 
junetion  t»f  the  jugular  with  the  ?«uhelavian  veiu.  There  is  no  uetual  re^ur^^itiitiou 
of  the  bhwidj  but  only  a  partiul  iuterrii]ition  of  the  inflow  into  the  auricles,  becau8e 
the  mouths  of  the  veins  are  contracted,  and  the  ju'cssure  in  the  superior  vena  cava 
and  pidmonary  veins  stion  holds  in  equiiil*riuui  any  refhix  of  blood :  and  lastly, 
beenuse  any  retlux  into  the  canliae  veins  is  pre  vented  l>y  valves.  Tlie  movement 
of  the  heart  cause^j  a  regular  ]uil8atilc  phenomenon  in  the  Ijlood  of  the  ven^e  eavsej 
which  inidiT  abnormal  circumstance?*  may  produce  a  venous  pnlse  (see  ij  99). 

(//)  The  chief  motor  ellV-ct  of  the  contraction  of  the  auricles  is  the  i/iJaf*tti(JH  of 
the  rAaxed  v**jdni'h\  which  1ms  already  been  dilated  Xo  a  slight  extent  by  the 
ela^fp*  frariioH  of  tlie  lungs. 

Afipiration  of  the  Ventriclea, — Ttie  ililiitfttion  of  the  vejjtikles  Jins  been  aHcrilwd  to  tlie 
ela-Htitity  of  the  lutiscalar  ivulk — tlie  strontjly  eontraetud  veatneulur  walk  (like  n  compresfcied 
iudia-rubbn-  bog),  in  virtue  of  their  *?lastidty,  are  supposed,  ia  returning  ti>  their  normal  resting 
fornv  ^0  "i^^^'k  in  or  aspinite  tb«  blood  under  a  nej;^ative  prt."4anro  ^  this  powi^r  on  the  part  of  the 
veiitiieW  is  not  great  (p.  68), 

(f)  When  the  ventricles  are  distemled  l»y  the  inflowing  bhxKl,  the  anriculo- 
ventricnlar  valvt^s  are  fliiated  up,  partly  by  the  recoil  or  reflexion  of  the  blood  from 
the  ventricuhir  wall,  and  i>artly  owing  to  their  lighter  sjkecilic  gravity,  whereby 
they  easily  fl*>at  into  a  more  or  less  horiztuital  position.  The  valves  are  also  raised 
to  a  slight  ext^uit  by  thc^  longitudinal  musctdar  flhre^S  which  pass  from  the  auricles 
into  tlu^  cusps  of  the  valve. 

(C)  The  ventriclea  eow  contraeti  and  simultaueously  the  auriek^s  relax, 
^vh^■^td}y — 

(1)  Tlie  muscular  w^alls  contmct  fonibly  from  all  sides,  and  thus  diminish  the 
ventricular  cavity.  (2)  Tin:  blood  is  at  once  pressed  against  the  under  surface  of 
the  auriculo-ventricular  valves,  wlios*-  curved  ninrginsare  opptiscd  to  ejich  other  like 
teeth,  and  are  |»resseil  hermeUcally  against  each  otlau'  (tig.  40).  It  is  imi^o.^^sible 
for  the  blootl  to  push  theeus[)s  backwanls  into  the  auricle,  as  the  cllordsB  tendmeae 
liold  fast  their  margins  ami  surfaces  like  a  taut  siiil.  The  mai-gins  of  tlie  neigh- 
bouring cusps  are  also  kept  iu  apposition,  as  the  idiorda^  tendineiP  from  one  pai'illary 
muscle  always  pass  to  the  adjoining  edges  of  two  tnisps. 
The  extent  to  which  the  ventricular  wall  is  shortened  is 
compensatiMl  by  the  contraction  of  the  papillary  muscle, 
and  also  of  the  hirge  niuscnlar  chorda*,  so  that  the  cusps 
cannot  be  |Mishcd  into  ihi^  auricle.  When  tlie  valves  are 
close^l,  their  surfaces  are  horizontal,  so  that,  even  wlieu 
the  ventricles  are  ctmtracted  t-o  tlieir  greatest  extent, 
there  remains  in  the  mpnt-pftpiiiarf/  njmre  a  small  amoinit 
tif  bluoil  which  is  not  expelled  {SfiTtdhjfij  and  Worm 
Miiller).  (3)  When  the  pressure  within  the  ventricles 
exceeds  that  in  the  arteries,  the  semi-lunar  valves  are 
forced  open  and  stretched  hke  a  sail  iicross  the  jioeket-  i  ,^.,  4i. 

like  sinus,  without,  however,  l>eing  directly  applied  to  The  do»eJi»enii4urjar  valve  ol 
the  wall  of  the  art<u'ies  (jiulmonary  and  aorl^i),  and  thus  the  pulmouaiy  artery  s«en 
the  blood  enters  the  arteric-s.  ^  ^^^^^^  ^^'*^^^'- 

(D)  Pause. — As  .soon  as  the    veiitrieular  contraction  ends,  and  the  ventricles 
begin  to  relax,  tlie  8emi-lu7iur  valves  do^e  (iig.  41).     The  diastole  of  the  ventricles 
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in  followed  hy  tliti  pause.      Uiuler  normal  ciiruiiij^tiiuct's,  tlu^  riglit  aiiil  left  lialv<3** 
of  til 3  heart  always  contract  or  relax  ndifunuly  and  ^imultunoonsly. 

Endocardial  Pressure  and  Negative  Pressure  in  the  Ventricle. —Goltz  and  (Ijnik  foimd 
thut  ther*?  wns  a  nt'if*ilhr  prr'^m-f  of  2H"f*  mm.  Hg.  [do^)  m  the  iukMiorof  tlie  vt'iilriL'le  during 
ft  eertaiu  phase  of  tlio  heart's*  action.  This  tbuy  dtitermitied  hy  n  maximal  attil  minima? 
rnanonifJter.  Tliey  surmiH^i  tliat  this  phast*  coiaciideil  with  the  diniktfic  difataUon,  for  which 
they  asMiiiiied  a  cciiisiikTiihlt*  power  of  aspiration.  Mocna  h  of  opinion  that  thia  negative  prvsiiLii'u 
jv'i thill  tin?  ventricle  obtains  xkorthf  Ite/otr  ikc  injdoh-  ha^  reached  ih  hf'hjht^  i.e.,  just  1>efore  the 
iniier  surface  <>f  the  ventricles  and  lh«  valves,  after  the  blood  is€xp<'lled,  are  nearly  hi  appo^ttiou. 
He  explains  this  aspiration  a.A  being  due  to  the  formation  of  an  empty  space  in  the  ventricle 
caused  by  the  enerjtfe tic  expulsion  of  the  blood  through  the  aorta  and  pnlmomiry  artery. 

[Maiiniuuo  and  BOnimmn  Hanometer, — Into  the  tube  conoccting  the  interior  of  the  ven* 
trick  of  the  heart  with  the  oiilinary  U-shaped  rricreuiy  nianonieter,  i«  introduced  the  itiaxintum 
manometer,  which  is  constructed  on  tho  miiiciplo  of  a  hall  and  cup  Vidif^  (fig.  42),  the  btdl  A, 
being  kept  closed  in  li  by  a  spring  C.     lo  make  it  a  maximum  manometer  the  end  A  is  con- 


Fig.  i2, 

Gaule'a  maxiranm  and  imniuinm  nianonietor  A  B.     j  shows  the  actual  size  and  antrngement  of 

the  valve. 

neeted  with  the  hcirt,  and  H  with  the  mei-curial  manometer  (lig.  42),  When  a  clamp  is  placed 
on  the  np|icr  limb  the  valve  ia  acted  on  only  at  each  systole  of  the  hearty  blood  in  driven  beyond 
it,  but  during  diaatole  it  clo»e«  and  no  l>k>ud  can  retinii.  This  goes  on  nntil  the  piv.saurt* 
beyond  the  valve  in  the  mercury  mamuiiL'ter  h  the  same  an  in  the  hcnrt.  If  ihc  valve  b<j 
reversed,  it  h  converted  into  a  minimtim  manometer.] 

49.  PATHOLOGICAL  CAEDLAC  ACTION. -Cardiac  Hypertrophy.— All  rcaistancea  to  the 
movement  of  the  blood  through  tln.^  ViirioUH  chanihcis  of  the  heart,  and  tlirough  the  vcissela  com* 
muuieating  with  it,  raune  a  giciter  amount  of  work  to  he  thrown  n|>on  the  |iortion  of  the  heurt 
specially  related  to  tbiii  ((urt  of  the  circulatory  4*ystem  ;  constouently,  thtire  is  jirodiu'ed  an 
iucreaae  in  the  thickmibJi  of  the  mn^cular  walls  ami  dilatation  of  tno  heart.  If  the  resistance  or 
obstacle  does  not  act  upon  ^k  part  of  the  heart  alone,  hut  on  parts  lying  in  the  mtward  direc- 
tion of  the  blood- stream,  these  parts  also  snbsetjitently  undergo  hyj>ertrophy.  If  in  addition 
to  the  niujscular  thickening  of  a  part  of  the  Imtirtj  the  cavitv  is  dmnltaneously  dilated,  it  ta 
wpokeu  of  as  eccentric  hypertrophy  or  hypertrophy  with  dilatation.  The  obstaLdes  most 
]lkely  to  occur  in  thti  bfotMi-t'csacls  are  niiiTowing  il  the  lumen  or  want  of  elasticity  in  theii 
walls  ;  in  the  fuml,  narrowing  of  the  arteriai  or  venous  orilices  or  immtTick'ncy  or  imomjtetencv 
of  the  valvcji.  IncoinfHiteney  of  the  valven  foi  n>s  an  ol>Htrui"tion  to  the  movement  of  the  blooj, 
by  allowing  part  of  the  hlood  tu  Ihjw  back  or  regurgitate^  thus  throwing  estra  work  upon  tlie 
heart. 

Thu&  arise— (1)  Hypertrophy  nf  the  left  ventricle,  owing  to  resistance  in  the  aita  of  the 
systemic  ciix'ulatiou,  esi>ecially  in  the  arteries  and  capilbines— not  in  the  veins.  Amongst 
the  eausea  are —constriction  of  the  oritico  or  other  partK  of  the  aorta,  calcilieation,  atheroma,  and 
want  of  cldsticity  of  the  largo  arteries  and  irregular  dilatations  or  aiieurisma  in  their  course  ; 
insulficiency  uf  the  aortic  valves,  in  which  case  ihe  .saints  ] pressure  always  ubtaina  witjiin  the 
Tfintride  and  in  the  aorta  ;  and,  lastly,  cirrhosis  of  the  kidneys,  whereby  the  excretion  of  water 
by  these  organs  is  diminished.  Even  in  mitral  insulticiency,  compensatory  byixirtrophy  of  tlii? 
left  ventricTo  must  occur,  owing  to  the  hvjHjrtrophy  of  the  left  atrium  in  consetiuence  of  the 
inereased  bloi>fl-m'es.sure  in  the  pulmonary  circuit 

(2)  Hypertropny  of  the  left  auricle  occurs  in  stenosis  or  constriction  of  tht?  left  auriculo-vvn* 
triculnr  ontice,  or  in  inHUtlicieiicy  of  the  mitral  valve,  and  it  occurs  also  as  a  result  of  aortic 
insnthciency,  becanse  the  auricle  lias  to  overcome  the  continual  aortic  pressure  within  the 
ventricle* 

(3)  Hypertrophy  of  tho  right  ventricle  occurs  (m)  when  there  is  resistance  to  the  bloovl- 
atreani  through  the  pulmonary  circuit.  I'he  rtj^istance  may  he  due  to  (a)  obliteration  of  large 
vascular  areas  in  consequence  of  liest ruction,  shrinking  or  compression  of  the  lungs^  and  the 
di»apt>earan€e  of  numerous  ca[>i Maries  in  emphysematous  lungs ;  (jB)  overhlling  of  the 
pulmonary  circuit  with  hlootl  in  consequence  of  steuoyisof  the  left  aiiriculo-ventricuhir  orilioe,  or 
mitral  insufficiency — consequent  upon  hypertrophy  of  the  left  auricle  resulting   from  aortic 
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instifliciency,  (ft)  Wheii  the  vah'e.H  of  the  j>iilmonary  artery  are  inaufticicntj  thus  p^nnittang 
the  bU^ixl  to  flow  buck  into  the  ventiielt?,  so  that  the  pressure  within  the  |)uliijoiiary  artery 
pre V nib  withtn  the  right  ventncle  (vLMy  rare)» 

(4)  Hypertrophy  of  the  right  auride  occtii^  m  coiisequciite  of  tho  hiistiiaineiJ  coiiditioi],  auJ 
also  from  stt'iKKsis  <»f  the  tricuspid  oriHce,  or  iiiiitilHciency  of  the  tricuspid  vnlvt.'  (lureK 

Artificial  Injury  to  the  Valves, — If  the  aortic  valves  are  perforattHl,  ivith  or  without 
siiuiiltuiieous  iijjuiy  to  the  uiilral  or  tricuspiil  valves,  tlit:  heart  iloes  uiore  work  ;  ihas  the 
physical  defect  is  overcome  tor  a  time,  m  thiit  the  blood -pressure  does  uot  fall.  The  h^art  seema 
to  nave  ft  store  of  reserve  euer^^y  whuh  is  called  into  play,     i!sooii,  homver,  dilatation  takes 

f>kce,  on  account  of  the  regurgitiiticii  of  the  blood  into  tin*  IjearL  llyiwrtroiiliy  then  o-ccure, 
Hit  the  couijwnsation  raemiwhile  uuiat  l>e  obtained  thiuugU  the  reaetve  energy  of  the  heart 
(0»  Ktisciiburh). 

Impeded  Diastole,  — Among  causes  wliiLdi  hinder  the  diastole  of  the  heart  are— copious  eJfusiou 
into  the  pyriettrdium,  nr  the  jnt'^vure  of  tuimiurs  upon  the  heart.  The  aystole  in  greatly  inter- 
fered with  when  the  lieart  is  uuittnt  to  tlie  iwrieardiiini  and  to  the  eouneetive  tisane  in  the 
mediastinum!.  As  a  coiisi'ipieiiee,  the  connective  tissue,  and  even  tlie  thomcic  wall,  are  drawn 
in  duriuff  contraction  of  the  hRart,  so  that  tliere  is  a  retractttju  of  the  legion  of  the  apex-beut 
dnritij;  hyaiole,  and  a  protiTision  of  this  part  during  the  diastole* 

[Palpitation  in  a  symptom  iopjiiviting  gencjally  very  rupid  antl  t^uick  action  of  the  heart,  the 
piilsatkms  often  being  unequal  in  time  and  inten.^ity,  while  the  person  is  generally  conscious  of 
the  irregularity  of  the  cardiac  action.  It  may  be  due  to  some  ortjank  condition  of  the  hcait 
itself,  fcsijecially  where  the  cardiac  innselej*  are  weak,  in  *:ases  of  dilatation  and  hyjiertrophy  of 
the  left  ventricle,  where  the  heart  isgrttdually  becoming  ntinble  to  overcome  the  resistauces  offered 
to  its  work,  and  est>eciHl!y  Juriiiji  exertion  when  the  heart  U  taxed  above  its  feitiength.  It  niay 
ako  OL't^ur  where  the  blood -jtresHU re  h  low,  ais  in  amemia,  ho  that  the  htart  contmct^s  quitkly, 
there  being  little  reMi«taiiee  ojiposed  to  its  action.  The  excitability  of  the  eaniitic  muscle  may 
be  increased  as  in  fatty  heart,  when  very  sliglit  exertion  may  excite  it  often  in  d  itaroxysmal 
way.  In  utlior  cases,  it  is  ntrvous  in  its  origin,  being  either  direct  or  j-eflex.  In  very  emotional 
and  excitable  people  ^especially  in  women)  it  ia  eaitily  set  up,  and  in  some  peopk  it  may  l»e 
produced  reflex ly  by  gastric  or  intestinal  irritation  or  dystjepsia.  It  also  tref[ueijtly  results 
from  exccsst^s  of  all  kinds  and  the  over -use  of  tobacco.  The  remediei  to  be  used  obviously 
depend  on  the  cause.  Where  the  blood*f»re>sure  is  low,  as  in  amemia,  digitalis  and  iron  will 
do  good;  the  former  by  increasing  the  blood -pressure,  auil  the  latter  by  improving  the  geneml 
nutrition  of  the  liody  and  the  blood  in  paitit^ular.  In  neurotic  cases  cardiac  sedatives  are 
indicated,  whih-  in  cases  due  to  imligLstion  hydrocyanic  acid  is  usefn!  {Bruitton).] 

[Fainting  or  Syncope.  —  In  fainting  the  person  loses  con  scions  ne.^w,  owing  to  a  nudden  arrest 
of  the  blood-supply  to  the  brain,  the  face  is  pallid,  the  respiration  is  feeble  ut  ceases,  while  the 
lieart  beats  but  fuehly  or  not  at  all.  The  defective  supply  of  blood  to  tlie  brain  may  depend 
upon  sudden  aiiest  of  the  heart's  action,  caused,  it  may  be,  by  a  fright,  or  the  heail's  action 
may  Ihj  arrested  retlexly.  Any  cause  which  tiuddenly  diminishes  the  blotjd- pressure  may  pro- 
duce it,  or  when  pre^iiura  is  suddenly  removed  from  the  large  vessels,  aa  in  t^ippin^  the  uhdonun 
in  ascites,  without  at  the  same  lime  giving  suHicicnt  support  to  the  abdominal  vi4>cera*  When 
a  jwraon  has  been  long  in  the  recumbent  position,  on  being  rapidly  set  up  in  bed  he  may  faint. 
In  Kome  forms  of  heart  disease,  sudden  exertion  or  change  of  posture  may  produce  it.] 

[Treatment.— Til e  object  is  to  ixistore  consciousness  and  the  action  of  the  htuirt.  Place  the 
person  iu  the  horizontal  position,  keep  the  head  low^  even  lower  than  the  body,  and  do  not 
suppciit  it  with  tiillows.  Dashing  cold  water  on  the  face,  so  as  to  stimulate  the  tiftli  nerve, 
usually  succeeds  in  causing  the  person  to  lake  a  deep  inspiration.  In  otiicr  rases  asnitf  of 
smelling  salts  or  ammonia,  acting  through  thi'  nasal  branch  of  the  lifth  nerve,  will  excite  the 
cardiac-  and  tespinitory  fnncjtions  {§  ^65).] 

50.  THE  APEX-BIAT  CAEDIOGE AM. —Cardiac  Impulse.— By  tlu-  t<rm 
**  apex-beat '  ur  ^'cardiac  mpulse/ "  <  ►r ''  precordial  pulsation  "  is  mnlenstood  uink'r 
liuniinl  cireujustaint^s  nii  clevfitiori  (iieit^eptihlc  tfi  toiicli  atul  sight)^  in  n  rirciini- 
serilicil  arpit  of  thr  jf/fk  left  ititeK'o.sluI  spaco,  mul  m^setl  by  thu  iin»vernent  of  the 
heart.  [Th*^  tuna  '*  inrrordial "  is  **pndii"ii  to  thr  part  of  thii  <diest  .^itinited  in 
frcuit  i*f  tlui  hesirt  The  nmlinc  iinpuilse  is  felt,  unil  is  ri^nindly  visibh-  i[i  the 
fifth  left  iiitereoHtnl  spuee,  '2  incdies  below  the  nipple,  ninl  A  to  1  imdi  to  its  st^enuil 
side,  or  at  a  point  2  inches  to  the  left  of  the  Hterninn,  />.,  aliont  3  ineheH  from  niitb 
.Hteiniini.]  The  inijuilse  i^  more  rttrely  felt  in  the  fourth  iiU't*rcostid  .spaeei  ami  it 
is  much  h\S!S  ilistinet  when  the  heart  heats*  against  the  tiftli  rib  itself.  Tlie  posi- 
tion ami  force  »vf  the  cardiac  impulse  vary  with  changes  in  the  pasition  of  the 
body.  [The  tenn  *'  ai^ex-beat"  is  very  bx>8ely  applied,  l>nt  imrmally  it  is  pnslneecl 
by  the  iin]Hike  of  thf  a[)e.x  of  tln^  b-ft  Vfiitrich-  a;.5ainst  tlie  thoracic  wall,] 


i 


70 


CAUBlCX-iKAM. 


[Sec.  50. 


[Tlie  carJiac  impulse  is  synuljroiious  with  the  systole  of  the  lieart,  but  although  this  iinnie 
ADd  aptfX-hcat  are  fiequi'iitly  iisfd  an  sjtioiiymcma  tertiin,  it  is  to  be  ^elnolllb^'r^?d  thivt  the 
inipuUf^  imiy  bi?  Ljvusett  l>y  diHereiit  partj*  of  tht  heart  beiog  in  loiitact  with  tliii  chest  wu  11. 
Thi?  L'anliac  impulse  is  usually  higher  thaa  rmrmul  in  chihireu,  while  it  h  low«?r  iluriiig  iD.s|iira- 
tbu  than  expiratioti.] 

[Hethodfl,  —  To  nbtain  a  curv^  of  the  ajK'x-bi'at  or  a  cardiograro ,  we  timy  iibc  owe  or  othor  of 
the  following  cardiographs  (fig.  43).  Fig.  43,  J,  us  the  first  Unm  UM^d  by  ilaioy,  and  it  consbtsj 
of  an  civnl  uooden  capaiik^  applied  in  an  airtight  rnaiHiei  os»  i  the  aj>ex-beiit.  The  »ii«ic,  ^i, 
caiwibhf  of  beint;  regulated  hy  the  serew,  s,  presses  ujMati  tb*-  regtou  of  tlie  a[H"X-lieat,  while  /  is  n 
tube  which  may  be  eoTiiH'cted  witli  a  recording  tambour  (lig.  55),  B  is  an  insfiruved  form  of 
the  instinimeiit,  consisting  essentially  of  a  tambour,  while  nttached  to  thti  nieyibi\iiie  is  a  buttou, 


(M^ 


Fig.  43. 

Cardiographx     J,   Marcy's  original  form  ;     1/,  Marty's  improved  form  ;     (7,  pa iispb ygi no- 
graph  of  Broudge^st ;  Df  eardingraph  of  Burilon-Saudenion;  £^  that  of  v,  KuolL 

p,  to  be  applied  over  the  aj»ex-lfeat.  The  nsovements  of  the  air  within  the  iapwnle  are  Loni- 
tnunicated  by  the  tube,  t^  to  a  recording  tambour.  Fig,  43,  t^  is  tlit;  panephygmograph  of 
BroDctgeent;  which  con.-iiftt.'*  of  a  Marey'n  tambour,  in  an  iron  horseshotj  frame,  and  udjn?^table 
by  means  of  a  screw,  ».  Burd an- Sanderson's  cardiogrs[di  is  shown  in  D,  The  button,  p,  carrit'd 
by  the  springs  r,  doe-a  ruit  rest  upon  the  caoutchouc  membrane,  but  on  an  uluminium  pl-ite 
attached  to  it.  The  appuratUH  is  adjusted  to  the  eh  est  by  three  suppK^rtw.  Fij^.  43,  £\  shows 
a  modified  instrument  on  the  same  principle  by  Gnmiuiaeh  and  v.  Kiaoll.  Iti  all  thrse 
figures  the  t  iudieatea  the  exit-tnlM3  eununnnkating  with  a  recording  tambonr  (tig.  65),  L*  «ijd 
M  may  ho  UHed  for  other  pur[K>scs.  e.g.^  hw  the  police,  m  that  they  am  polygraphs.  See  aUo 
fig.  8S.] 

[For  study iug  the  enrve  of  contiiietion  and  expansion  of  the  ventriclt^  Koy  and  Adami  ii2i«d 
a  special  myo-cardiograph.  Fine  hooks  were  in.'*ertf'd  into  the  ventricylar  wall,  the  bwjks  wcj-^ 
attacheil  to  thrrads  wbieh  lioiiked  oviv  }»ulleys  an<l  \\ere  then  trinij*'t>ted  wilh  ri'e<irdin^  levej-?*. 
To  obtain  tracings  of  the  contraction  of  the  papillary  n3U.&cleB  a  fine  bookefl  wire  \k&s  irtserie«l 
through  the  auricular  wall  and  houketl  over  one  *»f  tbt*  mitral  Haj^s,  It  slides  easily  in  a  collar 
which  is  tied  to  theed^cj^of  tb^  opening  in  ihcanriciilai-  wall  To  the  wire  is  attached  a  llm*ad, 
wliielij  after  passing  ronnd  a  pnlhy,  in  atlaclieil  to  u  recording  lever.] 

Fig  47,  Aj  shows  tlio  cardiogram  m  the  iinjjidse-inirvo  of  tlie  lit  art  of  a  healthy 
itmii  ;  B,  that  of  a  clog»  ohtaiiied  by  uieaiis  of  a  .sphy^miogruidi.  In  iKitli,  tho  follow- 
ing [xdnts  are  to  ^m  notinetl  -.—ah,  t  or  responds  to  thr  tiim.'  of  tht^  patise  and  the 
vnftfrafiifm  of  the  auriclett.  An  tln^  atria  cuntmct  in  thu  direction  of  tire  axis  of  the 
heiirt  from  the  right  and  above  toward**  the  left  and  beloiv,  the  apex  of  tlie  ]u>art 
luoveH  ttjwatxls  the  intj^rco.stul  spnee.     The  two  or   three  i^nuiller  elevatiikns  ait* 


: 


Sec.  50.] 


CAHDtAC    IMPULSE. 


71 


^*  O     d 


jifrlmiiK  (viuschI  by  tlu*  coiitmi  tions  r>f  tlit^  ends  uf  the  veiiii;^  the  aiirirular  appeiulicea, 
atiil  the  atria  themselves. 

The  iKjrtioti  h%  wiiieh  i-oiiiTiiiiiiiejik^s  the  great^'st  impulse  to  the  iiistrunient,  and 
also  to  uiif's  hand  whtni  it  is  plaeed  011  the  a|»ex-heat,  is  raused  hy  th*'  i^tmtrwtiitn 
of  the  vtnfdrkis^  and  dnring  it  the  Jirst  soujid  of  the  Innirt  occurs.  By  8onie 
ol>servers  tlie  earditie  iinpulfc>e  hfus  been  aHcribed  tn  the  t^ontmetion  of  the 
ventrieh»s  alone.  It,  however,  is  due  ti«  all  those  conditions  which  cause  an  eleva- 
tion in  the  p^j^iiai  of  the  eardiae  inijiidse. 

[Eiljirt^n  ri'corJeil  n  lianma  canliogmai,  aad  li«tetifd  at  the  same  time  to  the  licart-soitjxls, 
rccortling  tlic?  latlii  lny  moitas  nf  nu  fleet  no  .%ij,'rmL     The  c^jrvc  rifies  nt  «,  with  the  liet^iniiiu!:,'  nl' 

the  fir^it  ftfunid,  Le.^  with 

the    ciaitiuction   of   tlu^ 

ventricles,    iimi     rea(die> 

tlie  ahseis>a  at/v^itli  tiji 

btgintiiiig  of  the  i>eenat| 

sou  I  i  d ,  1,  t: . ,,  w  h  I  n  t  he  se  rn  i 

hinsir  Vttlves   are  cldH-ed. 

The   Illation   l>etween  ft 

ami  the  i>offjt!S  in  term  e 

d  i  li  te  he  t  wee  a  i  t  u  tit  I  /,  a  1 1  ( ]  | 

to  thu  pulse-curve  of  tin 

cjirottd,  iK  Khowa  in  \\^.  \ 

Ah.    The  letters  with  ihr 

dtijth    roire^pfijjd    to    the  Yii'    4 J. 

namarked  letters  in  the  ,<     p  ^    1    i     -     -        n  t        1  o   .»    1  1 

cardiH^nim.]  ^  aidio;(iaai.     a-/;  1,  b^ffinning  of  1st,  and  2,  2iul  atjaiul. 

[While  all  ohaerverH  iire  ngreed  as  to  tlae  position  of  the  occurrence  of  the  first  soiiad  ia  a 
catdiograni,  they  tlifler  very  cotisidcrably  a^  to  the  positioa  of  the  fiecoml  soaad,  i".f,,the  elosaro 
of  the  semi  Ivinar  valves  (fig.  46).  Martias 
pl:ice»  it  ill  the  de|iresi*ioa  ht'tween  c  ;ii)<  I 
d  (fijr.  47,  E) ;  Ltiia<lijis  at  the  twoprnje»  tioa 
d  and  <",  d  eorres|ii;)iidiniL(  to  the  eltusure  1 
the  aortie,  and  1'  to  thut  of  the  pahaoaai 
valves  ;  Marey  aad  Frederiei^  a  hoot  th  I 
nuddle  bc^tweea  ^r  and/,  11  ad  Edgien  nl  thi  1 
point/.  Acioidiog  to  I^udois/the  jtart  ^'. 
ttijtf.  47,  A)  is  due  to  tin*  ctnitraetiou  of  th  I 
ventrii-de,-*,  ai]d  froai  couwatds  the  ventii  , 
eular  rmiM-ulatare  he^ias  to  relax  Hiid  lant 
from**  to/.  It  is  phtia  from  the  diiigiaii 
that  jiicconiiag  to  Laiidoin  tberhjsureof  tin 
H«nii  lunar  via  Ives  takesi  pi  sue  curlier  (at  n 
nnd  c]  than  according  tu  Marey  i?*  the  cti^e. 
Frederiei|  has  recently  re  investigated  the  ^^K*   *^' 

Buh>et  on  the  dog  s  heart,  and  agrees  with   jhe  npper  curve  from  the  haman  eflrotid ;  the  lower 
Mflrcy  that  the  tiosure  of  the  s^emrlnikir  a  cflrdiogrum  taken  ^imnltaaeoaHly. 

valvea  takes  place  at  a     See  nls*»  tig.  46.] 

Tlie  cause  of  the  cardiac  impulse  hus  been  niuch  discussed.  It  depends  upon 
the  following  : — 

(1)  The  liase  of  the  heart  (anriculo-ventricnlnr  groove)  represents  during  diastole 
a  irajwvertii'lij-placed  flUpsc  (fio.  48,  T,  FC»),  while  during  contraction  it  has  a  more 
eirrular  figure,  ak  Tluis,  tlie  long  dianiet^'r  of  the  ellipse  (FG)  is  diminisheil,  tlie 
small  diiiuieter  dc  is  increased,  while  the  base  is  brought  nearer  to  the  chest- wall  e. 
This  aloue  does  ntit  cause  the  ini|adse,  hut  the  hiu^is  of  the  heart,  being  hardened 
during  the  systole  ami  bnaigbt  nearer  to  the  eliest-wall,  allows  the  apex  to  execute 
tbe  nioveuieiit  which  causes  the  impulse  (\\  t]9). 

(2)  During  relaxation  the  ventricle  Hes  with  \i^  apex  (fig.  48,  II.,  1)  oVdii|in^ly 
dowiiwjods,  and  with  its  long  axis  in  an  oblique  directifin— so  that  the  angles  (ZW, 
aci)  foimed  by  the  axis  of  the*  ventricles  with  the  diameter  i>f  the  Imse  are  uneqwal 
— during  systole  it  represents  a  regular  cotie,  with  its  axis  at  riglit  angles  X<y  its 
htyn?.     Hence  the  apex  {()  must  he  erected  from  below  and  behind  {p\  forwards 
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and  iipwanl^  {Harvef/ — "t'or  sese  erigertv'),  and  whvn  haideiied  during  systole 

presses  itself  into  the  intercostal  space  (fig.  48,  II.). 

(3)  The  ventricle.s  undergo  dnniig  8r8t*>k* 
n  slight  .'^pirid  twisting  on  their  long  axii* 
{'^kterakMn  inelinationeni  ^'— //artv^),  jso  that 
I  lie  apex  is  l>ronght  Snnn  hehind  more  for- 
ward, and  thns  a  great^.T  portion  of  tlie  left 
ii'iitriele  is  tnnied  U"  the  irxmt  This  rota- 
ium  is  eansed  hy  the  nuiseular  tihres  of  ihe 
vr'iitrieles,  whieh  proceed  from  tliat  part  uf 
I  hi*  hhrous  rings  l>etween  the  ayneh*s  and 
\'eiitrieles  which  lies  next  the  anterior  thoraeie 
wall.  The  fihi'es  jiass  from  above  oliliquely 
downwards,  and  to  the  left,  ainl  also  ran  in 
l-art  npon  the  posterior  snrfaee  of  the  veii- 
trieles.  When  they  eontraet  in  the  axis  of 
their  direction,  tiiey  tend  to  niise  I  he  apex, 
and  also  to  liring  more  of  tin'  posterir»r  snrface 
i^f  the  Intjirt  in  relation  with  the  anterior 
thoracic  wall.  It  is  favonred  hy  tlie  slightly 
spiral  arrangement  of  the  atirta  and  pulnnaiaiy 
artery. 
These  am  the  most  important  causes,  but  the  minor  ciUisi's  are^ 
(4)  The  "  rmdton  impuiae  "  or  **  recoil,''  or  tliat  nioveau'iit  whith  the  vi^ntricles 


Cflrtliogram  of  dog,  j»lio\\  inj;  tlie  vanoiis 
jK^inta  of  a  Ciirdiogriim  to  wliieli 
different  observers  Imve  referred  the 
ocean eacti  of  tlie  second  soaad 
(cloHivre  of  the  s^iiii  loimr  valves). 


\ 

h 

a 

f 

Fig,   47. 

Curves  from  the  tt|it'X-lt»'nt  A,  iioraial  curve  (aian)  ;  B,  fioui  o  *log ,  C,  very  rapid  carvo 
(do^)  ;  D  niiil  T^",  aomial  curvt-H  (miin)  ii-gistercd  on  a  vibmtiug  iglasa  plato  wlierc  each 
jjidpiilatioii  =  0  016iy  see.  In  all  the  curves  ah  nieaas  eoutmctioii  of  the  anrlclea,  and 
hi:  of  the  vcMtricles  ;  </,  tlosare  of  the  fiortie,  and  f,  of  the  pulaioiiary  valvea  ;  #/,  diaiitotu 
of  the  vent  dele, 

are  said  to  undergo  (like  an  exploded  gvni  or  rocket)  at  the  moment  when  the 
blood  i«  di.scharged  into  the  aorta  and  pulmonary  artery,  whereby  the  apex  goeij  in 
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the  oitposite  direct tou,  Le,^  downwards  and  slightly  outwards.  Liuidciis,  however, 
hm  slinwn  that  tliR  mass  of  hlootl  is  diiicharged  into  the  vessels  0*08  of  a  s<'«?\>nd 
after  the  Iw^'giniiiiig  of  a  ayHtole,  while  the  eardiac  iiiipidse  oceurs  with  the  first 
eoiind. 

(5)  Whi'ii  the  IjIlmhI  k  discliargt'd  into  tlie  aorbi  and  puhtiojiary  artery,  thene 
vessels  are  sligJitly  e!<mf/aftif^  owing  to  tlje  iiierea.sed  bluml-pressure.  Aw  tlie  heart 
h  auspended  from  al>ov(^  by  the.si*  vessels,  the  apex  is  jiressed  slightly  dow  nwainis 
anil  forwruds  towards  the  intercostal  space  {?). 

As  the  cardiac  iiii  pulse*  h  abst^rvt'd  in  the  empty  henrtJ*  of  ilead  aniniala,  (4)  and  (5)  are  certainly 

of  only  aecoiid  rate  imnoi  tanoe.   File  hue  aud  Pent- 

leoldt  maintain  lliat  tlie  apex  duriiig  systole  dnes  J'/'  iifjit 

not  move  to  tlie  left  nuxl  duwiiwariiH,  oh  luiist  bi'  '^~^ 

the  case  ia  (4)  aoil  (5),  but  thnt  it  uiove«  aowaid 

auil  to  tlie  light — a  result  conoborttteil  by  v* 

Ziem-SAeii.  [li>irr  attrihutea  the  caiise  of  the  im- 
I pulse  ti>  th«  rjgiiiity  ov  Imrdeiiiug  of  the  ven- 
^triile  {lut'iug  systole  to  the   rotatory  luovcnKut 


Fig.  4^^. 


L  Seheumtic  horizoutiil  section  til roagh  til*!  heart,  Inngs,  aud  thoi-ajc,  to  ahow  the  change  of 
shape  which  the  base  of  the  heart  andtrgoeit  diniug  Lontraelifiu  of  the  veiitiick- — F,  0, 
traiii»verse  diameter  of  the  veotricle  duHtig  illnglole  ;  r^  iHJsitkni  of  the  thoiiiiie  wall  ;  n,  h, 
transverHe  diameter  of  the  heart  dining  s3btoU",  with  c,  poaitiou  of  the  aiiti-rior  thoracic 
wall  duriijg  systole.  11.  Stdeview  of  tbc  heart — i,  apex  diinag  diastole  ■  p^  during 
hystiide. 

aad  letigthenhig  dowtiwanls  of  the  hUnsd  lohiiua  in  the  norta  and  [ndnimiary  arrtay,  whllo 
tA^waixlfi  the  end  of  the  systole  the  maxiraum  of  ret'oil  tjkt's  pluee  and  also  eoutributea  to 
cause  it.] 

It  iH  to  be  remeaibered  that  as  the  apex  i^  alica}js  applied  to  the  chest-waU,  fieparatid  horn  it 
merely  by  the  tlilu  margin  of  the  hmg,  it  oaly  presses  against  the  intereoatal  space  dnriag 
sXh tcffe  ( kaf  isfh }, 

After  the  apex  of  the  enrve^  f\  has  been  naehed  at  the  end  of  the  systole,  the 
curve  falls  riqddly,  a«  the  vetitrieleH  qiiiehlv  Income  ridaxtd.  In  the  deseendiiij^ 
part  tif  the  rnrve,  nt  (/  aiul  f\  are  two  elevation.'^,  which  occur  Hitmltmt^cmiihf 
vHth  the  Hcrofid  sowid.  The,^e  are  eaui^ed  by  the  ^sndden  closure  of  the  senddnimr 
vjdve?4,  whereby  mi  impulse  is  projiagateil  thri>ngh  the  axis  of  tbe  ventricle  to  \ts 
upex,  and  thus  causers  a  vi!)rati<>n  of  the  intercostal  space;  d  cot  responds  to  the 
closure  of  the  aortic  valves^  and  e  to  tlie  clusnre  of  the  pwlmonary  %'alve5.  The 
closure  of  the  valves  in  these  two  vessels  is  not  siniultHneons,  but  is  separated  by 
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ftn  iiiteival  of  0  05  to  0*09  ^ec.  Tlie  aortic  valves  close  sooner  oii  accoimt  of  tho 
greater  Mood-pressure  there.  C<>tu|tlete  iliustolie  reliixution  of  the  ventricle  fK?curft 
from  e  to /in  tlie  cnrve. 

It  IS  clear,  tlii-n,  that  the  ejiniiae  iminil.se  is  caused  ehit'Hy  Viy  tlie  contraction  of 
the  ventricles,  wlnle  the  rturieuhtr  systole  und  the  vihnition  euurted  liy  the  eloftun* 
of  the  semi-lunar  valves  iuh-  also  cuneerneil  in  its  [>rodiiction. 

[Pig.  49  (I)  shows  a  airjlintri'ini  ol»taini  it  from  a  case  of  ect^ipiii  cordis,  and  side  by 
sitle  witli  it  is  (2)  u  tracing  from  tlic  heart  of  a  eat,  which  was  ohtJiined  hy  resting 

a  liji^dit  lever  on  tlie  an* 
terior  wall  of  the  left 
ventricle,  the  organ  being 
exjiost'd  by  making  a  hole 
in  the  thorax.  The  two 
curves  are  identicid  in 
<  haractcr.  In  each  ii 
rounded  wave  (a  to  h)  is 
hallowed  by  u  rajviil  ascent 
of  the  curve  (b  to  <r), 
while  the  siminiit  or 
[>lateau  tihows  a  notch 
(//),  and  a  more  or  le.^ 
founded  shonhler  (e)  pre- 
fediiig  the  descent.  The 
part  of  the  curve  between 
h  ami  e  corresponds  to 
the  contraction  of  the 
ventricle,  and  from  e 
onwards  to  its  rehixii- 
tion.] 

[Some  light  i.^  thrown 
on  the  cardiogram  if  simultaneously  with  the  talking  of  a  canliogmphic  tnicing 
the  intra-ventncular  pressure  be  niciisureil.  Rolleston't*  metlMxl  {p.  T*")),  tig. 
50  (A)  shows  sucli  a  tracing.  A  showg  the  clianges  in  tla*  antero-jxist^^rior 
diameter  of  tlie  vetitricles,  but  it  i^  to  be  uot^d  tliat  the  highest  point  of  A 
does  not  corr*';spond  with  the  inaximum  pressure  within  the  ventricle,  but  that 
the  latter  occurs  at  the  i*ame  time  as  the  notch  (4)  of  A,  Tlie  noUdi  (4)  in  A 
corresponds  in  time  with  the  interposed  wave  (4)  of  B.  The  descent  in  A 
from  3-4  is  tine  to  the  ventricles  having  reached  their  maximnm  of  contraction, 
and  forcing  out  m:*me  blood  into  the  aorta  and  pnhTc»nary  artery,  an  that  their 
ant*To-posterior  diameter  necessarily  diminisht-s.  AVhatisthe  cause  i»f  thtMiotili  at 
tlie  moment  of  maximum  intra-ventricular  pressure  1  It  coiTe8ponds  in  tim*-  with 
the  rapid  contraction  of  the  [ia]>illarv  muscles,  which  thus  pu!l  down  the  auricu lo- 
ve ntricidar  valves»  thus  niising  the  intm- ventricular  prcFisure ;  but  ut  the  same 
time  the  part  of  the  ventricular  wall  from  wliich  the  papillary  emscles  origiiiaU* 
Ijccomes  indented  {Efff/  ant  I  Adami).^ 

[Chang'e  ia  Shape  of  Heart- — Tin-  experiments  of  Ludwigand  Hes^se  on  the  heart 
of  the  dog  show  that  the  shape  fif  the  ventricles*  varies  remarkably  in  systole  and 
diastole,  and  that  the  shape  of  the  heart  as  found  jHJst-morteEi  is  not  it«  natnrtd 
8ha|>e.  Broadly  8{>eaking,  the  ventricles  tin  ring  systole  T>ecome  tense  and  rei*isting 
and  they  anr  smaller  than  cluring  diastole,  the  difference  being  equal  to  the  amount 
of  blood  expelled  at  systole,  hn  reganls  form,  they  change  from  a  somewhat 
hemisj/herical  figure  with  an  irregular  ellijitical  Imse,  and  lussumc  a  more  regular 
cone  like  form  witli  a  circular  base,  so  that  the  transverse  diameter  is  dimiuinlied, 
the  antero-possterior  diameter  incn*ascd.] 


I,  Curdinj^rafiliie  trnciiig  from  ii  €asc  of  eetopiri  etirdii*  {Frnii<*oU 
Fninck).  *J.  Cardiogrfiiijiir  tniiHiig  from  llie  fX|MJ»rii  heart  of 
n  eat,  fihtfliuid  by  |ilmiiig  ii  li^ht  levtr  on  the  ventrule.  Tin 
tunirjg-furk  carve  marks  5D  vihratimis  per  see. 


I 


I 

I 

I 


HEART. 

[MethcKi  — Bleed  a  <ing  rapiilly  Umu  the  carotida,  deHbiiuutc  the  hlood,  ex|H>se  tlie  litait»  tie 
ffradiijtteti  .Hti-:utflit  tuhia  iiUo  tht-  puljiioiiftry  artery  and  iwrta,  and  ligatura  the  auricular  vt-ssels. 
Pijtir  the  blood  into  tlic  Ikjii  t  until  it  1^  dilated  iiikIpv  a  ikrp«suro  tu\nn\  n>  tli+^  m*«iir»  nrl<^n«l  r»v«.rs- 
sore  (lf>0  mm.).  The  veiitnLlt?3  arc  in  the  diti- 
Btolic  phase,  the  atiriclys  .ntill  |nilHJih'.  A  plaHler 
Ciist  is  now  litpidly  maile  of  thts  ventriek\t.  This 
rcpi'cseuts  the  diastolie  phatse.  To  obtain  vvlml 
may  be  ro^'arded  as  the  systolie  phase,  a  hrait, 
siinildily  pre  ail  ed  hut  eniptipil  of  blooii,  in  .Hiid- 
detdy  plungeil  into  a  hot  (5ir'  U. )  satunited  solution 
or  potasHie  biLhroiiiate^  when  the  heart  ^iv€s  o in- 
rapid  and  tinal  coutmctloii  and  remains  fier^ 
iiiuuently  enntracteii  owiuji^  to  the  !ieat -rigor^  its 
proteidsi  Ijeing  cojiwuhited  (§  29S),  Thia  is  thr 
aviitolic  v>h»8e*  Little  pins  with  twisted  [joints  are 
previously  iii,Herted  In  the  or^an  to  mark  ciitaiu 
paiLn  of  both  hearts  for  eoinpariiton.] 

[Ill  diastole,  the  sliiq>e  of  tlie  veiitrirh'  is 
heniisiilit^roiiinl,  the  apex  heing  roinulril, 
whiJt*  the  jiMsterifir  .Hurfact'  is  flutter  thuii 
the  uiiteridr  (fi^.  51,  A).  In  the  plains  of  thi^ 
ventrietilur  hase,  the  j^reateiit  diaiiieter  is 
from  right  to  h^ft,  and  tlie  shortest  from 
ba8€*  U*  apex.  The  coniia  arteriosus  is  uhove 
the  pliiii«  of  the  base.  Duriii*^  systole  tln^ 
aj>ex  is  more  [tointed,  the  veiilrirh'  more 
coiiicajj  while  nil  the  cliaiijeters  in  the  plane 
€»f  the  Uis<i  are  equally  diiniiu.sheth  heme 
the  vertieul  iiieai>ureiiietit  friUii  Ita^ie  to  aftex 
i«  Innger  now  than  either  of  tlie  ilianieters 
at  the  base  (fig.  51,  C),  The  rf>nus  arterio.sus 
eiiik.^  towanlH  the  plane  of  tlie  base,  while  the 
base  of  the  ventrieh*  lieeoinej*  more  cirt  nhu*, 
4*o  tluit  the  diikieiiee  of  tlie  enrvatiires  of 
the  anterior  mitl  ]iffsterit»r  surfaces  vani.shes 
(fig.  51,  B).  In  all  the^^e  figures  the  shad ei I 
part  h.q>re8ent,s  dia.stole  and  the  rlear  fiart 
systole.  The  most  re  ru  ark  able  point  is 
that  the  vcTtiral  measurement  remains  un- 
ehanged.  This  refers  to  the  left  ventriele, 
whieh  of  course  forms  the  ai)ex  ;  the  ri^ht 
is  shortened.     The  |4aiie  of  the  ventricular 


1,  Cardincriain  nf  the  iiiptx-beat  (dog)  ; 
B^  iatraventritnlar  pressure  taken  Nimub 
taiieously.  Thfr  coiTes]Hajflin^  part^  of 
tlie  twu  curves  are  indieated  by  letters.  }i 


IwiKe  in  systtilc  is  aljont  one-half  of  what  it  is  in  diastole,  as  is  shown  in  fig,  52 


Fig.  61. 

A,  Projectiou  of  a  dog'a  heart— im>s tor ior  surface ;  B,  anterior  surface;  C,  It: ft  lateral  surface. 
Thua  the  heart  is  dirEinished  in  all  its  diameters  except  one^  tlie  arterial  orihcew  am 
sc4ireely  aflectfxl,  while  the  area  of  the  uvnirulo- ventricular  orihce.s  (M,  T)  is  dimi- 


_i 


76 


TKME    Full   CAKIUAC    MOVEMENTS. 


[Sec.  50. 


Fig.  52. 


Fi-r,  :>;l 


nkhtMl  ul>cnit  oiK'lialf  (tig.  53).  Tliit^  is  most  imiiortaiit  iii  couium  lion  with  X\w  clu.surt? 
nf  tlie  iuiriculovciitrii  iilar  vnlvo8  ;  as  it  shows  tliut  the  iimscular  tibivs  of  the  ht*Hrt, 
hy  tlimiiii.^Hiig  the^p  oritin-.^  ^hiring  8ystoli%  greatly  aid  in  tJie  perfet  t  ehisiiri*  of 
tht'HL*  valvei*.     Tlius  we  f\\]>Iain  wliy  di  fiMliye  irutTitioji  of  the  cardiac  muscle  may 

give  rise  tti  illeoul])et^^ney  of  these 

valvfs,  without   the  valves   theni- 

f*elve8  being  dLsejUHed  {M^icalhtm%\ 

[lu    uiiler    to   uet'ount    for    the 

vertieal    diarueter   remaining    un- 

elianged,    we    nmy    represent    the 

veiitrieniar   iibres  its  conr^istiiig  of 

thive    J  ay  ens    ^'i^->    ^^"^^    inner    and 

<  ►nt*'r  set,  more  or  less  hmgiindiual, 

and  a  iiiiddk'^  fiet»  eirenlur.      lioth 

Piojectiou  of  tbc  iMis.  iu    A,  aorl/;"  PArpuhnou-  ^^  ^^  teial,  wlien  they  contract, 

»ystok*middinstohv;EV,        ary  artery ;  M,  mitral,  to    (bmmmh    the    cavity,    bnt    the 

ilvjjt,  atiil  LV,  left  veil-        and  T  triensiad  ori-  shortening     of     the     kmgitndiiud 

ti^it^le.  ficc.  layers  is  eomj  ens*itiNl   for   by  the 

eontractionj  ?",?.,  the  elongation  iirenlnf  ed  by  tlie  eireidiir  set.] 

[Ill  oixler  to  obtain  tin*  shape  of  thecaviliea,  do;;s  ivt-ri"  tAkiii  of  tbe  Junius  litter  aud  asnvurly 
ftliku  as  postiiblf.  OiiL*  heart  wiis  fdled  with  blood,  ivs  ahcady  described,  and  placed  in  a  cool 
sohitiorj  of  potait«it!  biLlironmte,  wbtit  by  it  >vas  wlowly  liaidejieil  in  tin?  diiistolic  foiiii,  wliiW  the 
other  waii  plunged  as  lnefoR'  into  a  \\nt  sohitioa.     Ciists  were  tbeti  made  of  the  cavities,] 

51.  THE  TIME  OF  THE  CAEDIAC  MO VEMBNTS,  Methods. —Tbe  tim«  occupifd  by  the 
various  phiiHcs  vf  the  uwvanad^  of  lia*  lieurt  may  be  deteruiined  by  studying  the  apejc-beat 
carve. 

{Y)  If  we  know  at  wliJit  rate  the  plat<3  oa  which  the  curve  was  obtained  moved  daring  the  ex- 
[(eriment,  of  eonrsti  all  that  is  ueeehsnry  is  to  measaie  iht:  dUtaiicCj  and  so  ealeulate  the  time 
occupied  by  nay  ecfiit  (see  Fulstjj  g  B7). 

(*2)  It  la  prefer.ihle,  however,  to  caus*  a  tuaing-ftirk.  who.se  rate  of  vibration  U  kuowa,  to  write 
its  vibrations  uiidur  the  enrve  of  theapexbt-at  (Hg,  4^,  2),  isr  the  cut  ve  may  be  written  njioii  a  plate 
attached  to  a  vibratfng  tnniii^-fork  (tig.  4/.  D,  E).  Sueb  a  cuive  coutaiiis  fine  teeth  cau.sed  by 
ibe  vihriitions  of  the  tiininj(  fork.  D  uad  E  iiro  carves  obtained  from  the  cjinliac  impiilec  iu 
this  way  honi  healthy  students.  In  ll  the  iiotth  d  in  not  indicated.  Each  complete  vibration 
of  the  tuiitng-foik,  reckoned  from  ai>f  x  to  a|iixofthe  tfieth  ^O'OltilS  second,  RO  that  iti.1  simply 
lit'cessary  to  ronnt  the  iiuniher  of  teeth  and  multii'ly  to  obtuin  the  lime.  The  values  obtained 
vary  wiihin  icrtain  limits  tnea  in  health. 

The  vahn-  of  n  h  ^  pause  +  contntction  of  the  auricles,  is  subject  to  the 
greatest  viiriation,  atid  de|H'inls  chieJly  njon  the  number  of  heart- beats  fier  minute, 
Tiie  more  iiuickly  the  heart  laats,  the  shi>rter  is  the  ]>anNe,  and  eonversidy.  In 
some  curves,  even^vhen  tlie  heart  heats  slnwly,  it  is  scarcely  j  iissiblc  to  distinguish 
the  aurieiilar  conti^aetion  (indteated  liy  a  rise)  from  the  i  art  of  the  i  un*e  <'orres[  oiid- 
ing  to  the  patise  (indieated  by  a  horizontal  line).  In  one  ea.si'  (heart-l>eats  55  per 
m in tite)  the  [ansf  =  0*4r  second,  the  auiienlar  contraction  =0*177  second.  In  tig- 
47»  A,  the  time  oecnpied  hy  the  |».inse  +  the  aitrienlar  contraction  (74  beats  jet 
miiinte)  =  0'5  second.  In  I\  a  h  =  H>  to  20  vibrations  =  0*32  second  j  in  K  = 
1*6  vibrations  ^0*42  second. 

The  ventricular  systole  is  ralmlated  from  the  ln'ginning  of  the  contraction  ^,to^, 
when  the  .-^emi  bniiin'  valves  are  clo.sed  ;  it  lasts  from  the  first  to  the  second  soumL 
It  alsft  varies  somewhat,  bnt  is  intire  nuisUmt.  AVbi^n  the  heart  bi-ats  rapidly,  it 
is  .somewhat  .shorter — during  sbj\v  actiini  longer.  In  E  =  0*32  Jiecond  ;  in  1*  =  0*29 
si*ciiml  ;  with  55  In-ats  p^-r  minute  I^uidois  found  it  =  0-34,  with  a  very  high  mte 
of  beatings  0*1  im  second. 

When  the  ventricles  bertt  fevbly^  they  contract  tnoro  alowly,  as  can  be  fthown  by  applying  the 
registering  apparatns  to  the  lieart  of  an  animal  Jnat  killed.  In  fig.  54,  from  the  Ventricle  of  a 
rabbit  jn«t  killcib  the  slow  ht'ivrt-beats    IJj  are  seen   to  last  longest.     In  ca^a  of  eixornioiia 
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liypertro|ihy  mid  Jilntatimi  of  the  left  veiitriele,  the  duration  of  the  ventricular  systole  ts  not 
longer  than  iionncii  {Ltutdois), 

In  ridrulnliiirr  the  time  occupied  by  the  vpiitricuUr  systole  wp  nuist  iciiwmher— (1)   The  Umf 


PCUin 
fereai 
lowi* 


Curves  r<?€ariled  hy  the  ventricle  of  a  rabbit  upon  a  vibratiu^f  phite  ottjielied  it*  a  tuning  fork 
(vibration  =  0"U] 61 3  sec).     A,  soon  after  death  j  B,  from  the  dyiu^  ventriole, 

hflween  the  Itco  sonmh  of  the  heart,  /.f.,  from  the  hegtnnln^  of  the  first  to  the  end  of  the  aeeond 
fiiiiiiiid  {h  to  <),  (2)  The  lime  the  IthKHi^invn  tHi(j>  ike  auria^  whieh  ^onieii  to  an  end  at  tht  dc- 
preswioii  between  f  and  <^  (in  %.  47,  E).  Its  eouimenciunent,  however,  does  not  coiucide  witli 
i,  as  the  aortic  valves  oi^en  0'085  to  0*073  second  after  the  begining  of  the  ventrietilar  systole. 
Henet!  the  aortic  current  hiats  0*08  to  0  09  second*  Thta  is  caleuhited  in  the  following  way  : — 
The  tiuie  betw&en  the  lirat  sound  of  the  heart  and  the  pnb«  in  the  axillury  artery  is  0  1-37 
second^  and  of  this  time  0"05'2  second  is  occupied  in  the  pro|wigiiHon  of  the  pnbie-wave  along  the 
30  em.  of  orteiy  lying  lietween  the  root  of  the  aorta  and  the  axilla.  Thus  the  i»ulae-wave  in 
the  aorta  oeeiirs  0"137  minus  0'052'=0"08r>  second  after  the  beginning  of  the  first  sound,  Thx' 
current  in  tlie  pnbnonuiy  artery  is  interrupted  in  thedepresajon  bftwren  f/  and  <*.  (3)  LaM/i/, 
ti»ve  itccupkd  bif  Ihf  mtL^ntlar  aoniractioH  of  Ihc  txtdtide,  wbiih  begins  n%  b,  reai^hes  its 
test  extent  at  t",  and  is  completely  rebixed  at/.  The  apex  of  the  curve,  (*,  may  be  higher  or 
ower  according  to  the  Hexibility  of  the  intercostal  spjice,  hence  the  jKjsititjn  of  r  varies.  In 
hypertrophy  with  dilatation  of  the  left  ventricle,  the  duration  of  the  ventricular  contraction 
does  not  greatly  exceed  the  inmnal. 

Tlif  time  whirh  tdapscs  Inrtwetn  ff  uinl  e — i.e.^  between  tlif  t^o^nplete  ch»siire  of 
the  aortic  ami  ptdiiinnary  valves— i.s  greater  the  niorv  the  i^ressure  in  tjje  aort^i 
exceeds  that  in  the  pnliiiLHiary  artery,  as  tlie  valves  are  ehisetl  by  tlit»  pr+^ssauy 
fmm  above,  ami  the  cljtFereiiee  in  time  may  be  0*05  .secoml,  or  even  double  that 
time,  in  which  eiuse  the  8ei:undsi>nnd  appeal's  doulde  (comiuire  S  54).  If  the  aortic 
pressnre  diminishes  while  that  in  the  indmonary  artery  rihcs,  d  and  e  may  he  mt 
near  eacli  tjther  thai  they  are  n<j  longer  marked  as  distinct  elements  in  the  curve, 

Th<*  time,  ^/',  <lnrin^  which  tlie  ventneles  relax  varies  s*»mewhat:  O'l  second 
uniy  lie  taken  as  u  meiiii. 

Accelerated  Cardiac  Action.  — When  the  acLiun  ol  the  heart  is  greatly  aitelo rated,  the  pause 
is  eousiderably  aliortened  in  the  lirat  instance  {Dutidtin),  and  to  a  k^as  extent  the  time  of  lon- 
tmction  of  the  auricles  and  ventricles.  When  the  pulse-rate  is  very  rajudj  the  systole  of  the 
atria  coincides  with  the  cloaure  of  the  arterial  valves  of  the  preceding  contraction,  as  is  shown 
in  fi|^.  47,  C  (dog). 

In  registering  tht>  i^ardiac  impulse^  the  aujaratus  is  separated  by  a  greater  or  less  depth  of 
.•*oft  parts  from  the  heart  itself,  so  that  in  all  cases  the  intercostal  tissues  do  not  follow  exactly 
the  movements  of  the  heart,  and  thus  the  curve  oblained  may  not  coincide  mathematically 
with  the  movements  of  the  heart.  It  i^s  desirable  that  curves  be  obtained  from  fiersoua  whose 
hearts  are  exposed^  i.r-,  in  cases  of  ectopia  cordia  (fig.  49,  ]}. 

Cleft  Siemiim. — IJih^ou  inscribed  cardiograms  from  the  heart  of  a  man  with  cleft  sternum. 
The  foUawing  wurethe  results  obtained;  ^Auricular  con  traction —  O  "11 5  ;  ventricular  con  trai^tiou 
ib,  (/)•  0*028;  difference  between  closure  of  valves  (rf,  e)  =  0'09;  ventricular  diastole  (c,y)  =  0*ll  ; 
i«ause-0*-l5  second  (§48)* 

EEdotjardial  Presaure. — In  hw^t-  maminal^^  sneh  as  the  horse,  Chanveaii  and 
Marey  (1861)  determined  the  dnration  of  the  events  that  ocenr  within  the  heart, 
and  also  the  endoeardial  pres-sure^  hy  means  of  a  cardiac  BOUnd  (tig.  56),  Small 
ehiiitie  bags  attached  to  tnlws  were  introduced  through  the  jngidar  vein  into  the 
right  anrieh:  and  ventricle.  Eiieh  of  tliese  tnlKis  was  connectet!  Avith  a  registering 
tambour  (tig.  55)^  and  ^imnlUmeous  tracings  of  tlie  variations  of  pressure  within 
the  c.ivitie:*  of  the  heart  were  obtiiined  hy  causing  the  writing-poiiit-s  of  tlie  lever.** 
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of  the  t-jirjihoms  to  writf  ujhjii  a  revolving  i;yliinler.  [This  niethotl  is  better 
adapted  for  showing  tlie  soqnence  of  events  than  for  measnriDg  the  actual 
endocanlial  pre,s.snr(»  during  tbe  sevcml  j>h5i8es  of  it  viXTiYuw  cy<Ie.] 


Fig,  55. 

A.  Marey's  regist^oii<;  taintMiur,  Tj  mLtallic  i'a[>sule,  witli  thin  iiiJia-riilibti  stietdicJ  over  it  ami 
beariuj^  an  ahiminltuii  dm\  wliicli  ai^la  U|itiii  the  Biiting  Itfver,  H.  liy  manii^  of  a  thick- 
wallptl  caoutchouc  tak%  it  may  be  cniiuet^ted  with  any  sjateni  eoutaiuuig  air,  ko  sh  to 
record  vnriatioiis  of  pi'e&atric.     B.  Natural  Bize  of  tiae  Uiuliour,  T. 

[Marey'a  Cardiac  Sound. — Tlie  suuiid  (tijLC-  56,  upper  li^. )  was  introduced  through  the  jugular 
vein  into  the  hcait  until  the  elastic  ampulla  V^  covered  with  thin  iudiarubber,  caiim  to  be  iu 
the  right  ventricle,  and  0  iu  thu  right  auricle-  The  middle  fifrure  shows  a  section  of  the  up{»«r 
one,  and  liow  the  auijiulla  V  w.im  coiiriei^ted  to  a  tambour  by  lucaua  of  the  tube  TV,  and  the 
bait  O  to  another  sirailar  tambour  by  tho  tube  TO.] 


The  upper  and  middle  diagrams  represent  Marey's  sound,  the  middle  figure  showing  a  section  of 
the  upper  one.  The  lowest  (a]  h  a  simple  eaidiac  Round.  The  bulbous  portion  is  covered 
with  thin  India  rubber  stretched  over  an  ofieu  uietallie  franiewoik  so  a«  to  form  an  elastic 
bag  or  ampulla.     By  muaas  of  the  lube  (j/J  it  can  be  introduced  into  cavity. 

Fig.  57,  A,  givm  the  result  obtained  when  one  elastic  bag  was  planed  in  the  right  auricle, 
being  introduced  throuj^h  the  Jugular  vein  and  superior  veua  cava  ;  B,  when  the  other  bag 
ptuihed  through  the  tricuspid  orifice  w&s  in  the  ri^dit  ventricle  ;  D,  in  the  root  of  the  aorta,  inishod 
in  tbrough  the  carotid  ;  C,  pushed  (mst  the  Heniiduuar  valves  into  the  left  ventricle  ;  while  at 
E  a  similar  ba^  has  b^en  placed  externally  Ixstwceu  the  heurt^a  apex  and  the  inner  wall  of  the 
chest.  In  all  ca»es  v- auricular  contraction  ;  V,  that  of  the  ventricle  ;  i,  closure  of  semidunar 
valves*  sooner  in  C  than  H  ;  P«  pause, 

Methoda.— (I)  The  cardiac  sound  cons istii  of  a  tube  containing  two  ^parate  air-passagvs,  and 
in  connection  with  eacdi  of  thei^e  there  h  a  small  eirijitic  bag  or  ampulla.  One  of  the  biga  is 
lixeil  to  the  free  end  of  the  sound,  and  communicatt'S  with  one  of  the  air-passages  (fig,  56).  TU« 
other  bng  in  pkcetl  m  connection  with  the  fiecond  air- passage  in  the  sounds  and  at  such  a  dutance 
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that  when  the  former  bag  lies  within  the  ventricle,  the  latter  is  in  the  auricle.  Each  bag  and 
air  tube  communicating  with  it  is  connected  with  a  Marey's  tambour  (fig.  55),  provided  with 
a  lever  which  inscribes  its  movements  upon  a  revolving  cylinder.  Any  variation  of  pressure 
within  the  auricle  or  ventricle  will  affect  the  elastic  ampullar,  and  thus  raise  or  depress  the 
lever.  Care  must  be  taken  that  the  writing  points  of  the  levers  are  placed  exactly  above  each 
other.  A  tracing  of  the  cardiac  impulse  is  taken  simultaneously  by  means  of  a  cardiograph 
attached  to  a  separate  tambour. 

It  has  still  to  be  determined  whether  the  auricles  and  ventricles  act  alternately, 
jso  that  at  the  moment  of  the  beginning  of  the  ventricular  contraction  the  auricles 


Right  Auricle. 


-    Right  Ventricle. 


Left  Ventricle. 


Aorta. 


Cai-diac  Impulse. 


Fig.   57. 
Curves  obtained  from  the  heart  of  a  horse  by  the  cardiac  sound. 

reUx,  or  whether  the  ventricles  are  contracted  while  the  auricles  still  remain  slightly 
contracted,  so  that  the  whole  heart  is  contracted  for  a  short  time  at  least.  The 
latter  view  was  supported  by  Harvey,  Bonders,  and  others,  while  Ilaller  and  many 
of  the  more  recent  observers  support  the  view  that  the  action  of  the  auricles  and 
ventricles  alternates.  In  the  case  of  Frau  Serafin,  whose  heart  was  exposed, 
v.  Ziemssen  obtained  curves  from  the  auricles,  which  showed  that  the  contraction 
of  the  auricles  continued  even  after  the  commencement  of  the  ventricular  systole. 
In  Marey's  curve  the  contraction  of  the  ventricle  is  represented  as  following  that 
of  the  auricle  (fig.  57). 

(2^  [The  pressure  within  the  heart  has  also  been  measured  by  means  of  the 
maniniiin  and  miniinnin  manometer  (p.  68).    In  the  dog  the  maximum  positive 
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prt^issuie  ill  thf  Ivh  veiitrit'lo  is  duiiii*:;  syiiloli*  gi"eat<*r  tlum  that  in  the  uoHa,  ami 
miiy  Wiwh  140  mm.  Hg — that  in  the  riglit  viaitnc  ie  60  mm.,  and  the  right  imricle 
iihoni  20  mm.  Kg.  The  minimnm  mamnm^ter,  howeviT,  duruig  the  tliastole  of  tlie 
ventricles  reconls  a  negativf  pressure  of  -  52  to  -  20  nnii.  Hg  in  the  left  and 
-  16  mill,  ill  the  right  ventnele,  and  -  7  mnh  in  the  right  auricle. 

Even  after  the  ehest  is  ojjeiu'd,  the  negative  pressure  in  the  left  ventricle  miiy 
fall  as  li)W  a,M  -  25  mm.  Ilg.] 

[(3)  Method  of  Bolleston  and  Boy. — ^Tliese  ol^sej  ver.s  nsetl  a  s|:>ccial  apparatus  which  was  cou- 
iietjted  with  the  interior  of  the  heiirtp  jiinl  they  had  that  there  is  no  distiuct  rise  of  pressure  in  the 
dog  withia  the  voatricle!*  corrcs{K>ndiiig  to  the  aurioalar  aystolasULh  akwos  obtained  by  Marey 
la  the  horisc;.  Dnriiig  the  veutriculur  dinatcjlt!  in  certain  aksen  the  pressure  fall*  below  the 
atanwphfric  pressiir*,^  and  may  be  ef^ual  to  -  20  nun.  mercury  or  more  la  the  left  ventricle 
(I  48).  It  is  prolmbly  rauseii  by  the  elastic  expansion  of  the  veDtricLe  continuing  after  tlie 
blood  in  tlie  an  dele  at  the  moment  of  the  cossatiun  of  the  ventricular  systole  has  entered  the 
ventricle — Lt.^  the  tpiitntity  of  blood  in  tlie  auricle  is  not  suttiticnt  in  all  cases  to  distend  the 
left  ventricle  to  the  point  at  which  its  auction  action  ceases.  Magtni,  operatiuff  on  dogs  with 
a  trocmr  whicli  perforated  the  cavities  of  the  lieart,  foaad  none  of  the  secondary  elevations 
obtained  by  Harey  with  hia  soand.  There  ih  coa»idt?mhIe  ditfieulty  in  in  terproting  tbo  corves 
ohtAined  (tig.  60,  B).] 

A.  Fiek  regard»  the  alterniiting  contraction  tia  a  means  whereby  the  pressure  in  the  large 
venoas  trauks  is  kept  nearly  constant.  At  the  moment  of  ventneular  .'jystole  the  annde« 
relax,  and  the  venous  blooil  tlows  freely  into  the  latter,  while  if  the  auricles  remained  contracted^ 
the  blood  in  the  vains  would  he  kept  hack.  FurtliefT  at  the  moment  of  veutricalar  diastole 
the  auricles  contract,  so  that  there  is  not  an  abnormal  iLiminutiyn  of  the  prensure  in  the  vdu«. 
Thus  the  pressure  in  the  auricle  is  more  c^tuable,  while  the  currtait  in  the  tenniual  parta  of  the 
veins  h  ktipt  more  constiiiit. 

52.  PATHOLOGICAL  CAEDLAC  IMPULSES.— Change  in  the  Poeition  of  the  Apex-Baftt,— 
The  position  of  the  Cin^diac  impulse  is  changLid'-'[l)  by  the  accumulation  of  tlnids  (senim,  ptis, 
blood)  or  gas  iu  one  pleural  cavity.  A  copioan  etfasioa  into  the  left  pleural  cjivity  eoni pressed 
the  lung,  and  may  disph^t^e  the  heart  towanls  the  right  i>ido,  while  ellVisiou  on  the  right  side 
may  pui*li  the  heart  mure  to  the  left.  As  the  riglit  heart  mtist  make  a  greater  effort  to  projiel 
thtf  blood  throagh  the  eompresj>ed  hiiig,  the  cardiac  im|mlse  is  usually  increasecL  Advanced 
eniphysenva  of  tlie  hmg,  causing  the  diaphragm  to  be  pressed  downwanls,  displaces  the  heart 
downwards  au*l  iavvarda,  while  pushing  and  pidling  up  of  the  diiiphragm  (by  contractiou  of 
the  lung,  or  through  pressure  from  below)  causes  tlie  ai>ex-beat  to  lie  tlisplaced  upwanls, 
and  also  ."ilightly  to  the  left.  Thickening  of  the  muscular  walls  with  dilatation  of  the  cavities 
of  the  left  ventrich-  makes  that  ventricle  longer  and  broodier,  while  the  increased  cardiac 
impulse  may  he  felt  lu  the  axillary  line  iu  the  sixth*  seventh,  oi  even  eighth  inteieo>stAl 
spa^e  to  the  left  ot  the  mammary  line.  Hypertrophy,  with  dilatation  of  tlie  right  side, 
increases  the  hreWth  of  the  heart,  .so  that  the  cardiac  impulse  is  felt  more  to  tlie  rights  even 
to  the  right  of  the  sternum.  In  the  rare  cases  ivhere  the  heart  is  transfiosed,  the  apex> 
beat  is  felt  on  the  right  side.  When  the  cardiac  impulse  goes  to  the  left  of  the  left  mammary' 
line,  or  to  the  right  of  the  pamstermd  line,  the  heart  is  increased  iu  bread tJi^  and  tliero  is 
hypertrophy  of  the  heart.  A  greatly  i  nut  eased  cardiac  impulse  may  extend  to  several  inter- 
costal fi  paces. 

The  cardiac  impulse  is  abnormally  we&kened  in  cases  of  atrophy  and  degeneration  of  the 
cardiac  muscle,  or  by  weakeiung  of  the  innervation  of  the  cardiac  ganglia.  It  is  also  weakened! 
wdjen  the  heart  is  separated  from  the  chest- wall  owiu*;  to  the  collection  of  fluids  or  air  in 
the  pericanlium,  or  hv  a  greatly  distended  left  lun^  ;  itud,  indeed,  when  the  left  side  of  the 
cheat  is  filled  with  flmd,  the  cardiac  impulse  may  be  extinguished.  The  same  occurs  when  the 
left  ventricle  is  very  inifierfcctly  filled  during  its  contraction  (in  consequence  of  marked 
narrowing  of  the  mitral  orificeK  or  when  it  can  only  empty  itself  very  alowly  and  gradually, 
as  during  tnarked  narrowing  of  the  aortic  orifice. 

An  iacrease  of  the  cardiac  impulse  occurs  during  hypertro|)liy  of  tlio  walls,  as  well  as  under 
the  influence  of  various  stimuli  (psychical,  inllammatory,  febrde^  toxic)  which  atfect  the  cardiac 
ganglia.  Great  hyjjcrtrophy  of  the  left  ventricle  cauaes  the  heart  to  fteave^  so  that  a  jKirt  of  the 
left  chewt  wall  may  he  nitsed  and  also  vibrate  during  systole. 

A  pulling  in  of  the  anterior  wall  of  the  chest  during  the  cardiac  systole  occurs  in  the  third 
and  fourth  interspaces,  not  unfre<iuently  under  normal  circumstances,  sometimes  during  in- 
creased  c^rruiac  action,  and  in  eccentric  hypertrophy  of  the  ventricles.  As  the  heart's  apex  is 
slightly  displaced,  and  the  ventriclq  becomes  sligiitly  snndler  durinjj  its  systole,  the  empty 
a{iace  is  tilled  by  the  yielding  soft  ftarts  of  the  intercostal  space.  When  the  heart  is  united 
with  the  fiericardium  and  the  surrounding  connective -tissue,  which  rendera  aysloUc  locomotion 
of  the   heart  imfvossible,  retraction  of  the  chest'-^all   during  systole  takes   the  place  of  tht 
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cardiac  iinpwlse  (Sk&ia).  During  the  diaatolo,  a  diastolic  cardiac  impulse  of  tlie  correapondiog 
part  of  die  cbe-Bt-widl  rimy  be  said  to  occur. 

Clinically,  clirtn^fs  lu  tlie  rardiac  impulse  are  beat  ftflcertained  by  taking  grspUic  rcpresctiU- 
tions  of  tlie  cardiac  impulse^  and  studying  the  curve*  so  obtalnet^  (fjg»  58). 

Ill  curve  P  (much  rcduec<l),  from  a  case  of  marked  hypertrophy  with  dilatation,  the  ven- 
tricular eoiitractiu  it,  l>c,  ia  usually  veiT  great,  while  the  time  occupied  by  the  coiitmetioii  in  not 
murh  irK"reasL'd»  P  and  Q  wire  obtained  from  a  caiie  of  marked  eccentric  hypertro|>hy  of  the 
left  veiitj'icle,  due  to  insulficieney  of  thu  tiorlic  valrca,  Curve  Q  was  taken  intentionally  over 
the  anriculo-ventrioular  groove,  whery  retraction  of  the  chest-wftU  occurred  during  systole  ; 
aeverthelcsH  the  individual  events  (xiiurriug  in  the  heart  are  indicated. 

Fig*  E  is  front  a  cane  of  aortic  Btenosia,  The  auricular  contraction  {ah}  lasta  only  a  >*hoii:. 
time  ;  the  ventricular  systole  ia  obvioiwly  lengthened,  and  after  a  short  elevation  (k)^hhowa  a 
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Fig.  58. 
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\  Carves  of  the  cardiac  hn  pulse,  «ft,  contiactioii  of  auricles;  be,  ventricular  sy^itole  ;  d^  elosuro 
of  aortic,  ami  *',  of  jiulmonary  valves  ;  ct\  diiialole  of  ventricle  ;  P,  Q,  hypertrophy  ami 
dilatation  of  the  left  ventriele  ;  E,  ateiiosis  of  the  aortic  orifice  ;  F,  ndtral  inmmcieney  ; 
Gf  mitral  stenosis ;  L,  nervous  palpitation  in  Bai^e<low'^i  disease  ;  M^  so-called  hemisystole, 

of  fine  indentations  (c,  f)  caused  hy  the  blood  being  pressed  through  the  narrowed  and 
enod  aorta. 
J.  F^  from  a  ease  of  inaufficiency  of  the  miUal  valve,  sbowa  (ah)  well  marked  on  account 
of  the  increased  aclivity  of  the  left  auriolc.  wliile  the  shcM^k  (rf)  from  the  closure  of  the  aortic 
valves  la  small,  on  account  of  the  diminished  arterial  tension.  On  the  other  hand^  the  i;boi;;k 
from  the  accentuatetl  pulmonary  sound  (e)  is  veiy  great,  and  ja  in  the  apex  of  the  curve.  On 
account  of  the  grefit  tension  in  the  pulmonary  artery,  the  second  nulmonary  tone  may  Iw  so 
strong,  and  succeed  the  second  aortic  sound  {d}  so  rapidly,  that  botn  almost  merge  completely 
into  eaeh  other  (H  and  KK 

The  curve  of  stenosis  of  the  mitr&l  onflce  (G)  shows  a  long^  irregular,  notched,  audcular 
contraction  (aft),  cattsed  by  the  blood  being  forced  through  an  irregular  narrow  orifice.     The  ven- 
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tricular  contraction  {U)  is  feeble  because  tbe  ventricle  is  imperfwtly  fillet!.  Tho  closiures  of  tbe 
two  valves^  d  and  fj  are  relatively  far  Apart,  and  one  cnn  hear  diHtinctly  a  reduplicated  sepotid 
90UD1I.  The  aortic  valves  cloac  mpidly,  bei:nu*it?  the  aorta  is  imperfeLll y  supplied  witL  !)looti, 
wjiile  tlie  more  copious  iuflQW  of  blood  into  the  pulmonary  artery  causes  its  valves  to  close 
later. 

If  tliQ  beart  bentjj  rajddly  and  feebly —  if  the  blood -preFSUTe  in  the  aorta  aud  pialmonnry 
artery  be  low,  the  signs  of  closure  o(  the  jmlinonfiiiy  valves  may  i»e  abseut— 08  in  eaive  L^ 
taken  from  a  girl  nullVriug  from  nervous  nal]»itation  and  morbus  tksedoiAii. 

Ill  vt^ry  rare  cases  of  iusitlTieieney  of  tlie  mitral  valve,  it  bas  been  observed  that  at  certain 
times  l>otb  ventricles  contract  himultancously,  as  in  a  normal  heart,  bnt  that  this  altcniatea 
with  a  condition  ^vhere  the  ri^ht  ventricle  alone  seems  to  eonJraet.  Curve  M  is  such  a  curve 
obtained  by  Malbranc,  who  called  this  condition  intermittent  hemiflyatole.  The  first  curve 
(I.)  is  like  a  normal  cun'c,  during  which  the  whole  heart  acted  as  usuaL  The  curve  II,,  how- 
ever, IB  caused  by  the  right  side  of  the  heart  alone  ;  it  wants  the  closure  of  the  aortic  valves  d, 
and  there  was  no  pulse  in  tlie  arteries,  U\vin<^  toinsufticiency  of  the  trirnapid  valve,  tb<»  fame 
person  hod  a  veiions  pulse  with  every  cardiac  impulse,  so  that  the  arterial  and  venous  pulses 
hrst  occurred  together  and  then  the  venous  imfse  alone  i>ccurred.  In  these  coses  the  niitml 
insulliciency  leads  to  the  right  ventricle  being  oveT'distende<l,  while  the  left  is  nearly  empty,  so 
that  the  right  side  reijuires  tocontrnct  more  energetically  than  the  left.  It  do^ja  not  Beem  that 
the  right  ventricle  alouc  coutrnets  in  these  cases,  but  mther  that  the  action  of  the  left  »ide  is 
t'cry  feeble, 

53.  THE  HEAET-SOUKDS.— On  listening  over  tlie  mgion  of  tlie  heart  iii  a 
healthy  nuui,  eitJr»'i'  with  the  ear  applied  directly  to  tho  chest- wall  (Harvey%  or  by 
means  of  n  stethosecipe  (Laemiet^  1819),  we  hear  two  ehaniet eristic  H<:uinds,  the 
80-eallinl  '^heart-sounds/*  The  two  sounds  are  called  first  and  Hecoiid,  and 
together  they  eurriHjHJiid  to  m  siiij^le  rardiuc  eyele.  These  s<juiid:i  are  separattnj  by 
fiilenees.  [Fig.  59  shows  the  ridution  of  the  events  oecurriiig  in  the  heart  during 
a  cardiac  eyele  to  the  sounds  and  silences.] 


L  The  first  sound. 

2.  The  firpit  or  short  silence. 

3.  The  second  soumi 

4.  The  second  or  long  silence. 


[Relative  Bxiration, — There  is  no  uhsolute  duration  of  e^'ich  \)hasQ  of  a  cardiac 
cycli',  l>ut  we  may  take  tlie  average  relative  duration  calcidated  from  the  ineasnre- 
meiitrs  of  Gibson,  iii  a  vme  of  fissure  o(  the  Bterntmi,  to  be  m  follows  i — 


Auricular  Hy stole, 
Ventricular  systole, 
Ventricular  diastole, 

Cordiac  cycle,    . 


•112  aec 
•368  ., 
578    „ 

I  -058  sfse. 


8u]i]>ose   we    divide    the    cyek^    into    tenths   ( Walshe)^ 

iV.  the 


then  the  first  sound  will  hu^t  |\j,  the  first  sUence 


second  stiuiul   j-^,  and  tho  long  silence  -^  of  tlie  entire 
[lerioiL] 

The  first  sound  [long  or  Hysttjlie]  is  twnce  as  long  aa, 
sinnewhat  dulh'r,  and  one-third  or  one-fourth  deeper,  than 
the  second  sound ;  it  is  less  sharply  defined  at  firsts 
and  is  f^i/jtchronom  tnth  the  syatoJe  of  the  vejif rides. 

The  second  soimd  [short  or  diast^dic]  is  clearer, 
.'iharper,  shorter,  ujoi-e  sudden,  and  is  ctne-iliiKl  to  one- 
fourth  higher  in  pitch;  it  is  sharply  dctiiied  and  m/n- 
ekrcrfioii^-  tritJt  the  rhstire  of  the  aatfi-fnnar  i^ahvif.  It 
utarks  the  hegiuning  of  ventrlt  uhir  diustcde.  The  somids 
einitttd  duriiig  each  canliac  cycle  have  heen  coniptired  to  the  proniuiciatiou  of 
the  syllables  lubb^  dujfp.      [If  one  listens  over  the  apex  one  hears  the  stnmds  like 


Fig.  69. 

Scheme  of  a  cardiac  cycle. 
The  inner  circle  tdiours 
what  events  oceur  in 
the  heart,  and  the 
outer,  the  relation  of 
the  suuiidfi  and  silences 
to  theae  events. 
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liUpp,  dupp ;  where  the  acci»nt  is  on  the  first  sound,  but  at  the  base,  it  is  on  the 
second  sound,  and  is  like  hipp,  diipp.]     Or  the  result  may  be  expressed  thus : — 


;^^^iili » [gl^:=^ 


-I? 


Bu      •      tiip.  Bu      •     Hp. 

[It  is  to  be  remembered  that  in  reality  four  sounds  are  produced  in  the  heart, 
but  the  two  first  sounds  occur  together  ami  the  two  second,  so  that  only  a  single 
first  and  a  single  second  sound  are  heanl.] 

The  causes  of  the  first  sound  are  due  to  two  conditions.  As  the  sound  is 
heard,  although  enfeebled,  in  an  excised  heart  in  which  the  movements  of  the 
valves  are  arrested,  and  also  when  the  finger  is  introduced  into  the  auriculo- 
ventricular  orifices  so  as  to  prevent  the  closure  of  the  valves  ((7.  Ludwig  and 
Dogiel\  one  of  the  factors  lies  in  the  ^^tnusrle  sound"  produced  by  the  contracting 
muscular  fibres  of  the  ventricles.  This  soimd  is  supi)orted  and  increased  by  the 
sound  produced  by  the  tension  and  vibration  of  the  auriculo-ventricular  valves 
and  their  chordae  tendineae,  at  the  mom(»nt  of  the  ventricular  systole.  Wintrich, 
by  means  of  proper  resonators,  has  analysed  the  first  sound  and  distinguished  the 
clear,  short,  valvidar  part  from  the  deep,  long,  muscular  sound. 

[Krebl  has  made  additional  ex]:>erimeTits  to  show  that  the  first  sound  is  partly  muscular. 
An  apparatus  was  devised  wliereby,  while  the  heart  was  still  within  the  body  and  the  circula- 
tion going  on,  modifications  of  the  first  sound  wore  obt:uned  when  the  auriculo-ventricular 
vmlves  were  held  a^vart  Again,  when  a  dog  is  bled  from  the  carotids,  as  soon  as  a  considerable 
•mount  of  blood  is  removed,  the  second  sound  is  no  longer  heard,  while  the  first  sound  lasts 
for  some  tunc  longer  and  is  even  fairly  loud.  It  is  also  said  that  the  auricles  produce  a  sound 
during  their  contraction.  Kasem-Beck  has  also  recently  confirmed  Dogiel's  previous  statements 
•nd  supported  them  by  new  exi)eriments.] 

The  muscle-sound  produced  by  transversely-striped  muscle  does  not  occur  with  a  simple  con- 
traction (^.  99),  but  only  when  several  contractions  are  superposed  to  produce  tetanus  (§  303). 
The  ventricular  contraction  is  only  a  simple  contraction,  but  it  lasts  considerably  louffer  than 
the  contraction  of  other  muscles,  and  herein  lies  the  cause  of  the  occurrence  of  the  muscle-sound 
during  the  ventricular  contraction. 

Defective  Heart-Sounds. — In  certain  conditions  (typhus,  fatty  degeneration  of  the  heart), 
where  the  muscular  substance  of  the  heart  is  much  weakened,  the  first  sound  may  be  completely 
inaudible.  In  aortic  insufficiency,  in  consequence  of  the  reflux  of  blood  from  the  aorta  into 
the  ventricle,  the  mitral  valve  is  gradually  stretched,  and  sometimes  even  before  the  beginning 
of  the  ventricular  systole,  the  first  sound  may  be  absent.  Such  {)athological  conditions  seem 
to  show  that,  for  the  production  of  the  first  sound,  muscle-sound  and  valve-sound  must 
eventually  work  together,  and  that  the  tone  is  altered,  or  may  even  disappear,  when  one  of 
these  causes  is  absent     [Yeo  and  Barrett  state  that  the  sound  is  purely  muscular  (?).] 

The  eanie  of  the  second  sound  is  undoubtedly  due  to  the  prompt  closure,  and 
therefore  sudden  stretching  or  tension,  of  the  semi-lunar  valves  of  the  aorta  and 
pulmonary  artery,  so  that  it  is  purely  a  valvular  sound.  Perhai)S  it  is  augmented  by 
the  sudden  vibration  of  the  fluid-particles  in  the  large  arterial  trimks.  [The  second 
sound  has  all  the  characters  of  a  valvular  sound.  That  the  aortic  valves  are  con- 
cerned in  its  production  was  proved  by  Hope,  who  introiluced  a  curved  wire  through 
the  left  carotid  artery  and  hooked  up  one  or  more  segments  of  the  valve,  when  the 
sound  was  modiiied.  It  may  even  disai)pear  or  l>e  replaced  by  an  abnormal  sound 
or  "murmur."  'Again,  when  these  valves  are  diseased,  the  sound  is  alt<»red,  and 
it  may  be  accompanied  or  even  displaced  by  murmurs.]  Although  the  aortic  and 
pulmonary  valves  «lo  not  close  sinniltaneously,  usually  the  difference  in  time  is 
so  small  that  both  valves  make  one  sound,  but  the  sc^cond  sound  may  l^e  double 
or  divided  when,  through  increase  of  the*  difference  of  pressure  in  the  aorta  and 
pulmonary  artery,  the  interval  becomes  longer.  Even  in  health  this  may  be  the 
case,  as  occurs  at  the  end  of  inspiration  or  the  beginning  of  expiration  (v,  Duach). 
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Where  the  Sounds  are  Heard  Loudest, — [Clmiciiins,  for  mnvonienoe,  in 
tlescrilnii^f  the  ciirtiiac  siounds  as  heart!  on  arisen  I  totion  spesik  of  four  urrai?,  vii  : 
the  tnitra!  area^  a  cireidar  urea  alxmt  2  inches  in  <hanieter,  with  the  a|)<?x  a^s  a 
centre;  the  tricuspid  area,  from  the  thiitl  to  the  fifth  interspaces  on  the  h^ft  side, 
and  the  adjoining  part  of  the  stcrniun;  tiie  aortic  ar^a,  second  I'ight  inters|uice 
near  the  stemuni,  or  the  inner  end  of  the  soi^ond  costal  cartilage;  the  pulmonary 
area  J  tlie  inner  end  of  the  second  h.*ft  intereosUd  fitpace.  TJn^  ^fir^f  Hoiiml  is  heanl 
best  at  the  apex,  and  nuich  hiinti^r  at  the  ba^^ie.  Tlie  second  mnnd  is  lieard  be«t 
over  the  l«i.se.]  The  nonnil  prtKhieed  by  the  fricui^pid  valve  is  lieard  loudest  at 
the  junction  of  tlie  lower  ri^ht  costal  eartilages  with  the  sternum;  a.s  the  mitral 
Vfdvt  best  nn>re  to  the  left  and  deeper  in  the  ehentj  and  is  covered  in  front  hy  the 
arterial  oritice,  the  mitrjil  sound  is  liest  heard  at  the  apex-lnnit^  or  immediately 
above  it,  whci'e  a  strij*  oi  i\w  left  ventricle  lies  next  the  chcst-walL  [The  sound 
18  conducted  to  the  purt  nearest  the  ear  of  the  listener  hy  the  museidar  suljstance 
of  the  heart.]  The  aortic  ami  pulmonary  orifices  lie  eo  eloBe  together  that  It  is 
eoiiveiiient  to  hsten  for  tbe  second  {aortic)  scamd  in  the  direction  of  tlje  aortji, 
where  it  comes  nearest  to  the  surfaeej  i>,,  over  tlie  seeon<l  right  Ci>sta.l  cartilage  or 
aortic  cartilage  close  to  its  junction  with  the  sternum.  The  soimd,  althr»ugh 
finHluceil  at  the  semi  lunar  valvi/s^  is  carried  upwartls  by  the  column  of  IiIckkI^ 
and  hy  tbe  walls  of  the  aorta.  The  sound  j^rridnced  by  the  pufmoftanj  tirterf/  is 
heard  most  distinctly  *>ver  the  eiiil  uf  tlie  second  right  intercostal  sjiace,  or  the 
third  left  c^iBttd  cartilage,  somewhat  to  the  left  and  ext^-rmd  to  the  margin  of  the 
Bteninm  (fig.  60). 

[It  is  im[>ortant  to  remend»er  that  the  ptmitiou  of  the  cfrrdiac.  valvett  is  one  thing, 
and  the  sitmition  where  the  heart-sonnds  are  beard  loudest  m  another.  The 
foUowing  indicates  the  topographical  arrangement  of  the  orifices: — 

Aortic  orifice, — At  the  sternum  adjoining  the  thin  I  left  cartilage  and  space, 
Pidmonarif  orifice.  —  Second  left  space  and  .sternmn  ailjoining. 
Mitral  orifice.—  Left  half  of  st^'rnnni  from  fuurth  to  fifth  cartilage. 
Tricmjnd  orifice, — ^Right  half  of  sternum  from  fourth  to  sixth  cartilage. 

The  aortic  and  nntiul  orifices  are  deeply  situated  in  the  chest,  while  the 
pulmonary  and  tricuspid  nrifiees  arc  comparatively  .sniwrficiai.] 

[Events  occurring  in  the  heart  duringthe  sounds. --Coincident  with  theiratsouud 
the  following  events  are  taking  place  within  the  heart : — (1)  Contraction  of  both  ven- 
tricles, (:J)  firmer  closure  and  stretching  of  the  anricnk*-ventricnlar  valves,  (3)  pro- 
pulsion and  rushing  of  blood  into  tlie  aortii  ajid  pulmonary  artery,  (4)  the  imfiulse 
of  the  heart  against  the  chest  wall,  (5)  the  grailual  filling  of  the  auricles  with  blooth 
Coincident  with  tlie  second  Bound  are — (1)  tbe  closure  and  strr-tc^hing  of  the  semi- 
bmar  valves  of  the  aorta  and  puhnonary  artery,  (2)  relaxation  of  the  contracted 
ventricle.*?,  (3)  opening  of  the  auric ulivventrieular  valves  and  fiow  of  some  blootl 
from  tlie  auricles  into  the  ventricles,  (4)  diminished  pressure  of  the  ajH'x  against 
tbe  client  wall.  During  the  long  pause: — (i)  The  auricles  are  being  filled,  and 
blocKl  flows  freely  from  them  into  the  dilated  ventricles,  (2)  contraction  of  the 
auricles  to  fill  tbe  ventricles  with  bleod.]  During  tlic  short  silence,  which  is  very 
short,  the  vcntric;les  an^  contrarting,  and  are  near  their  maximnm  of  shortening. 

54,  VAEIATIONS  OF  THE  HEAET^SOUNBg.— Increase  of  the  first  soynd  of  both  veutriclea 
indicates  a  nior«  energetic  coi>tiactioa  of  the  ventriclpa  aud  a  Rimultfliieoasly  greater  snd  more 
auddea  tension  of  the  auriculo- ventricular  valves.  Incrcjise  of  the  second  sound  is  a  %\gu  of 
increased  tension  in  the  interior  of  the  corres [bonding  largt*  arteries,  Hcuce  incrco^  of  the 
second  (puhuoaary)  sound  indicates  overfilling  and  excessive  tension  in  this  pulmonary  circuit 
A  fcthh  action  ot  the  heart,  a.4  well  as  ahnormal  want  of  blood  in  the  heart,  CAUses  weak 
heart-sounds,  which  is  the  ease  in  degenemtions  of  the  heai  t -nmscle, 

Irregtduritiea  in  structure  of  the  individual  valves  may  ttsuse  the  heart-sounds  to  becomo 
♦*  trnpnre/'     If  a  pathological  cavity,  filled  with  air,  be  so  placed »  and  of  such  a  form  as  to  act 
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fts  ft  redooator  to  the  heart-Bouuds,  tlicj  mav  assume  a  "metallk"  character.  The  first  and 
eeconri  sounci  may  b^  *' reduplicated  "  or  [although  ''duplication"  is  a  more  aecuratti  t^mi 
(Bart)]  doubled^  The  r€dupli<:ation  of  the  first  sound  is  explained  hy  the  ti^nsion  of  the 
tricuspid  and  that  of  the  mitral  valvea  not  occurring  aimultaneously.     Sometimea  in  diseajie  a 


H^. 


^ 


00 


Fig.  60. 

The  heart — its  several  jiarta  and  great  vessels  in  relation  to  the  front  of  the  thorax.  The  hin^^fi 
are  collapsed  to  tlieir  noimal  extent,  as  after  doatbj  exposing  the  heart.  The  outlines  of 
the  seTeral  parts  of  the  heart  are  indicated  by  very  fine  dotted  lines.  The  nrea  of  pro- 
pagation of  valvular  murmurs  is  marked  out  by  more  visible  dotted  lines.  A,  the  circle 
of  mitral  niiirmur,  corresponds  to  the  left  ajrcx.  The  broad  and  somewliat  dij'ti^fd  orm, 
roughly  triangular^  h  the  res^ion  of  trieuf^pid  munnurs,  and  corresponds  generally  with 
the  right  ventricle^  where  it  is  least  coveit^d  by  lung.  The  letter  C  is  in  its  centre.  Tli*? 
circuraacribed  tireiihtr  mra,  D,  ia  the  part  over  whiih  the  pulmonic  arterial  murmurs 
are  couimonly  heard  loudest.  Jn  many  cases  it  is  an  ineh,  or  even  more,  lower  down, 
corn?si>onding  to  the  contts  arlfrtmKJs  of  the  right  ventricle,  where  it  touches  the  wall  of 
tb©  thorax.  The  internal  organs  and  jmrts  of  organs  aie  indicated  by  letters  as  follows  :^ 
r.ttHj  right  auricle,  tmeed  in  fine  dotting  ;  ao,  arch  of  aorta,  seeri  in  ihe  first  intercostal 
spacf,  and  traced  in  fine  dotting  on  the  sternum  ;  r.L,  the  two  innoniitiate  veins  ;  r.v, 
riglit  ventricle  ;  Lv.f  left  ventricle. 

«otind  is  produced  by  a  hy[)©rtrophied  auricle  producing  nn  audible  preaystolio  Bound,  ?>.»  a 
found  or  *' murmur**  i*rcc:eding  the  first  sound,  [This  has  been  queationixl  quite  receiitly.l 
A«  the  aortic  and  pulmonary  valves  <lo  not  close  cjuite  simultaneously,  a  reduplieat^xi  second  mund 
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ifi  only  an  it»creaso  of  a  phj^titological  eonditioi).     All  coiiditiond  whkli  cAuso  the  aortic  vnlves 
to  cltis^j  mpidly  (tliiuituiilit'd  nniouiit  of  bloml  in  the  lift  vtiitHck)  and  tL©  pulmtniary  valves  to  J 
close  kttr  (cougestiou   of  tliu  right  ventricle — both  coiHlitiowH  together   in   niilnil  stitjosiB),| 
favour  the  prodmitioii  of  a  reduplicated  seeond  soumh 

Cardiac  Mummn. — If  inegularities  occur  in  the  valves,  either  iu  cnsea  of  stenosis  or  in  I 
iuauthciemy,  so  that  the  blooil  is  subjcL't^sid  to  vibratory  oscillaiioDs  and  friction,  then,  iiiiittad j 
of  the  heart-souods,  other  sounds— murmuTS  or  bmitB— arise  or  accompany  Uicse.  A  coujbina- 
tiotj  iA'  these  Mounds*  h  always  aeeompanied  by  diBturbanees  of  the  eireulation*  [These  niui  jtmiB  \ 
tnuy  be  produced  within  the  haartt  wlien  they  are  termed  endocardial  ;  or  outsside  it,  wheti  they 
are  called  exocardial  nmrmnrti.  But  other  murnnirs  are  i}w  to  ehtiugea  in  the  i|imlity  or 
amount  of  the  blood,  when  they  are  spoken  of  as  biemic  murnuufs*  In  tlie  study  of  all  nmrmurs, 
jiote  their  rhijthitt  or  exact  i-ebuion  to  the  normal  fioundij,  their  j»t>i3FY  ofvtaj'itttum  iitictmhjy  mid 
the  direction  hi  which  ilu::  mtfrmitr  is  prifjMifjakd.]  It  is  rare  that  liimonrs  or  other  de^iotjits 
projectiojC  into  the  ventricles  cause  muruinrM»  uuIcbs  there  be  |iresent  at  the  same  time  lesions 
of  the  valves  and  diaturbances  of  the  circulation.  The  cardiac  nnirmurs  are  always  related  to 
the  systole  or  diastole,  and  usually  the  systolic  are  more  aecentuated  and  louder.  Sotnetiiiies 
they  are  ao  loud  that  the  thorax  trenibks  under  their  irregular  oscillations  {frauiiits^  (ihim&r- 
ment  cataire). 

In  cases  whero  diastolic  murmura  are  h«:ard,  there  arc  always  anatomieal  changes  in  the  cardiac 
mechanism.  These  arc  iusuf!itiKncy  of  the  arterial  valves,  or  stenosis  of  the  auriculo- ventricular 
orifice  {usually  the  left).  Syatolic  murmura  do  not  always  necessitate  a  disturbanci^  iu  the 
cardiac  mechaniam.  They  iimy  occur  on  the  left  side,  owing  to  inHUlticienty  of  the  mitral 
valve,  stenosis  of  the  aorta,  and  in  cai«e,s  of  calcifieation  anil  dilat^ition  of  the  ascending  part  of 
the  aorta.  These  murinnrs  occur  veiy  uuuh  h-s»  frequently  on  the  right  side,  and  are  due  to 
tnHulfkienLV  of  the  tricuspid  and  stenosij^  nf  the  pulmonary  orifice,  ^m 

Functional  Murmnni. — Systolic  tnurmurs  oft^u  occur  without  any  VHlvnlar  lesion^  althougIt^| 
they  are  always  b'ss  loud^  and  are  cnnsed  by  abnormal  vibrations  of  the  valves  or  urlcrial  walls.  ^" 
Tliey  occur  most  frequently  at  the  orihce  of  the  luilmomiry  artery  [and  are  generally  beaid  at 
the  base],  less  fre^iuenlly  at  the  mitral,  and  still  less  frequently  at  the  aortic  or  the  tricuspid 
ori6ce.  Amemia,  general  mid  nutrition,  aculi?  febrile  ntlections,  are  the  causes  of  the.*ir  murninrs. 
[Some  of  these  are  due  to  tin  altered  conditiriu  uf  the  blood,  and  are  culled  luemic,  and  others 
to  defci^tive  cardiac  muscular  nutrition,  and  arc  called  dynamic  {ir<Tiske}>] 

Sounds  may  also  occur  duiing  a  certain  stage  of  inflammation  of  tlic  [jcricartlium  (]«jricarilitis) 
from  the  roughened  surfaces  of  tins  membrane  rubbing  upon  each  other.  Audible  friction 
sounds  are  thnn  produced,  and  the  vibration  may  even  be  perceptible  to  touch,  [These  are 
^* friction  Bounds,"  and  qtjite  distinct  from  sounds  produced  within  the  heart  itself.] 

65.  FEESISTENCE  OF  THE  MOVEMENTS  OF  THE  HEAET  — The  Iu  ait 
coiitiiiues  to  beat  for  ftorne  tinie  after  it  is  cut  ottt  of  the  luxly.     The  niuvt'iiieiit 

hi8ts  long€*r  ill  i'<dd~bk>r*dod  aiiiniab  (frog, 
turtle) — exttiuiiiig  even  to  drtys^^thaji  in 
iiianinniLs,  A  ruldnt  s  heart  heaU^  front  3 
minutes  up  to  36  in  i mites  after  it  Is  cut 
otit  of  tlu'  body,  Tlie  uvcrage  of  many  ex- 
peri  meiits  is  about  11  iiiiiintes.  [Wiilb-r 
uiul  Keid  reeoiNied  the  ventrienbir  ctintrar 
tituis  of  a  riihbit's  lieait  7:2  minutes  nfU'V 
its  excision.  Fig.  Gl  shows  the  prokuigu- 
ti"Hi  of  the  ventrieiihir  systole  in  an  ex- 
cised rabhit/s  lieiirt,  the  movements  being 
recorded  by  a  lever  resting  on  the  heart.] 
Paiinni  fomid  tlie  last  traee  of  contractiim 

to  occur  in  the  right  auric  It*  (rabbit)  15 
after  excision  ;  2  10  ndn^  ;  3,  2(t  mins. ;  i,  j^^,,^  ^j^^.^,  j^^^^j^  -^^  ^^  ,,^^^^^^.^^  ^^^^^  ^g 
/O  mins,  (after  Waihr  and  Rtui).  ,  .  ,     ,   \.„  ,  ^  *      t 

hours  ;  in  a  dog  s,  Uh  htiurs.     An  excised 

frog's  heart  beats,  at  the  longest,  2 J  days  {VatenHn).     In  a  hunian  embryo  {third 
month)  the  heart  Wits  found  l»eating  after  4  liours.     In  thi?^  eondition  stimulatioa  ^ 
eannes  an  increase  and  aeeelerjition  of   the  action.     The  vcntricuhir  eontractioa™ 
weaki^ns,  and  stioii  eai  h  auricular  contraction  is  not  hdlowed  by  a  ventricular  con- 
triiction,  twi»  ur  in*>re  of  tlu*  former  being  succeeded  by  otdy  one  of  the  hitltn-.     At 
the  same  time  the  ventricles  contract  moiM?  «lowly  (fig,  61),  and  myon  stop  altogether, 


I'ig.  tJL 
Curves  of  excised  rabbit's  heart- 


■1,   6  mins. 
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wliile  tlie  auricles  contiiuu'  to  lit^at.  If  th^i  vc'iitriileti  hv  ^iinmhxU^X  directly,  aa 
hy  prit:king  them  with  a  pin,  i\ivy  may  execute  a  coiitrartitm.  The  left  auricle 
Boon  cease.s  to  beat,  whih^  the  riglit  auricle  still  e(>utiuiie?5  to  coiitnict.  The  right 
aurieiilaf  appeudix  coiitiiiucs  to  beat  louge^t,  eis  was  observed  by  (ralt^u  and  Car- 
diinus  (1550),  and  it  i>^  l*'rmeii  *'idtiunim  moiieiis,"  Similar  ohftervations  have 
heen  made  iipon  the  hearts?  of  perswuH  wlio  have  li^eii  cxecut^-d. 

li  the  heart  htv^  ceased  t*:*  beat,  it  may  Tie  yxcited  U>  contract  for  a  short  time  by 
direct  stmuiation,  more  especially  by  heat  {Harceij) ;  even  under  the^e  eircum- 
8ti\nce^s  tlie  auricles^  ami  their  ap|)endires  are  the  last  parts  to  cea.se  contmctLnjj;. 
Ah  a  general  rule,  direct  stimulntioji,  although  it  nuiy  cause  the  heart  to  act  more 
vigorously  for  a  short  time,  briiigri;  it  to  rest  sooner.  In  snch  easew,  tlierebire,  the 
regidar  sec|ucnee  of  events  ceases,  and  there  is  usually  a  twitching  mi>vement  of  tlie 
muscular  hhres  of  the  heart.  C.  Ludwig  found  tluit,  even  after  the  excitaljility  is 
extinguished  in  the  mammalian  heart,  it  ujay  l)c  restored  by  injecting  arterial  blood 
into  the  coronary  arteries :  conversely,  le^sion  of  these  vessels  is  followed  by 
enfeebled  ui  titui  of  the  heart  (§  47),  Hammer  found  that  in  a  man,  whose  left 
coronary  art^nT  was  phiggeil,  the  puis©  fell  from  80  to  8  licafj^  per  minute. 

[The  beats  of  the  excised  beart  of  a  rabbit  grailtinlly  declini*  In  force  and  frefjucucy,  ibe 
latent  period  and  contraction  Ijecome  longer,  and  the  excitability  more  obtuse.  Tlie  dnmtion  of 
a  contraction  in;iy  be  '6  seCj  the  norinal  being  *3  sec*  The  beats  have  often  a  bigeniiual 
character.  An  excised  heart  may  bo  frozen  qnito  hard,  yet  on  being  thawed  it  contracts 
spontaneously.  Tlie  contraction  proceeds  in  a  wave  from  the  apot  etimidated  in  tlie  frog's 
lieiirt,  at  8*"  to  12"  C.  at  30  to  90  mm.  per  aec. ;  in  the  miimmalian  excised  beart  aboat  8  metres 

'per  sec.  (  WnUtr  nnd  lit  id}.] 

Action  of  GaseB  on  the  Heart — During  lU  activity  the  heart  uses  0,  aoJ  proilnces  CO.^  so 
that  it  beats  luDgest  io  mire  0  (1"2  hours),  and  not  so  long  in  K, — H  (1  hour) — CO3  (10  mittutes) 
— CO  (42  minutes) — CI  (2  miiiuteis),  or  in  a  vacuum  (20  to  30  minutes),  even  when  there  is 
watery  vapour  presefit  to  firevent  evaporatiou.  If  the  heart  be  i-eintroduce^i  into  O  it  Iwginn  to 
beat  again.  [Gases  seem  to  have  the  same  eirect  in  the  chick's  heart  on  the  second  a uu  third 
days  of  incubation  as  in  the  adwlt  heart  {Fano).  A  frog's  hejirt  ceases  to  beat  in  compressed  O 
(10  to  12  atmospheres)  in  about  one-third  of  the  time  it  would  do  were  it  simply  excised  and 

imt  to  itselt     An  excised  heart  sustiended  in  ordinary  air  beats  three  to  font  titni'^9  as  long  aa  a 

plleart  which  is  placed  upon  a  glass -plate.] 

[56.  PHYSICAL  EXAMINATION  OF  THE  HEAET.-The  physical 
matliods  of  diagnosi.s  enahle  vus  to  olitain  preci.se  knowledge  regarcUng  the  actual 
sUite  of  the  heart.     The  luethiMk  available  are  :— 

1.  Insi>ection,  3.  Pereussion, 

2.  Ttdpation.  4.  Auscultation, 

To  urrive  at  a  correct  tliagiHisiH  nil  the  metlKwU  nniHt  ht;  em|iioyed.] 

[tnapectioo. — ^Thc  ^>er8on  is  supposed  to  have  his  chest  exposed  and  to  be  in  the  reiunibent 
position.  It  is  imiHjrtant  to  rcraeniher  the  limita  of  the  heart.  The  base  corresfKiiids  to  a  line 
joining  the  upper  nmrgius  of  the  third  costal  cartilages,  the  apex  to  the  tifth  interspace,  while 
transversely  it  extends  from  a  little  to  the  right  of  the  sternum  to  within  a  little  of  the  left 
nipple  ;  this  area  occupied  by  tlie  heart  being  called  the  deep  cardiac  region  (fig.  62),  By  the 
ive  we  can  detect  any  alteration  in  the  conf!gviration  of  the  pra-cordiaj  bulging  or  retraction  of 
ptne  region  as  a  whole  or  of  the  intercostal  spaces^  and  we  may  detect  variations  in  the  position, 
haracter,  extent  of  the  eardiac  ini|mlse^  or  the  presence  of  other  visible  pulsations,] 

[PiJpfttion. — By  placing  the  whole  hand  flat  ujion  the  pnecordia,  we  can  ascertain  the 
presence  or  abseiiCT,  the  Bitnatiou  and  extent,  and  any  altenitions  in  the  characters  of  the  aj>ex- 
teat ;  or  we  may  detect  the  existence  of  abnormal  pulsations,  vibrations,  thrills,  or  friction  in 
this  regioti.  In  feeling  for  the  a}iex-beat,  if  it  be  at  all  feeble,  it  is  well  to  make  the  patient 
lean  forward.  Of  eourfe,  it  must  be  remembered  that  the  whole  heait  may  be  disfdaced  by 
r  tarn  ours  or  accumubitiotis  of  lluids  pressing  ujion  it,  i.e.,  conditions  cxtenml  to  itself,  or  the 
>  apex*beat  may  be  displaced  from  causes  withiu  the  heart  itself,  as  in  hypertrophy  of  the  left 
Tentricle.] 

[PercUB8ion.'-A8  the  heart  is  a  solid  organ,  and  la  surrounded  by  the  luuj^,  which  contain 
air,  it  is  evident  that  the  sound  emitted  by  striking  the  cheat  over  the  region  of  the  former 
most  be  different  from  that  produced  over  the  latter.     Not  only  la  there  a  dilTerence  in  the 
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sound  or  note  emitted,  but  the  "  sensation  of  resistance  "  which  one  feels  on  percussing  the  two 
organs  is  different.    We  may  ascertain — 

1.  The  superficial  or  absolate  cardiac  dulness. 

2.  The  deep  or  relative  dulness.] 

[Superficial  Oaxdiao  Dulness. —This  theoretically  is  the  part  of  the  heart  in  direct  contact 
with  the  chest-wall  and  uncovered  by  lung,  but  obviously  as  the  lungs  vary  in  size  during 
respiration,  it  must  be  smaller  during  inspiration  and  larger  during. expiration.  It  forms  a 
roughly  triangular  space,  whose  base  cannot  be  accurately  determined,  as  the  heart-dulness 


Fig.  62. 

Topography  of  the  thorax  and  its  contents,  a.d.,  right  atrium  ;  0.9.,  left  auricle  ;  v.d.,  right  ven- 
tricle ;  I,  left  ventricle,  with  Ip  position  of  cardiac  impulse  ;  A,  aorta  ;  II,  pulmonary  arteiy; 
C,  V,  vena  cava  superior  ;  L,  L,  limits  of  the  lungs  ;  P,  P,  limits  of  the  attachment  of  the 
parietal  pleura ;  the  space  between  L,  L,  and  P,  r,  is  called  the  *'complementa]  space." 

merges  into  that  of  the  liver,  situate  below  it,  but  it  corresponds  to  a  horizontal  line:  2|  inches 
long,  extending  from  the  apex-beat  to  the  middle  of  the  sternum.  The  internal  side  corre- 
sponding to  the  left  edge  of  the  sternum  is  2  inches  long,  and  reaches  from  the  junction  of  the 
fourth  costal  cartilage  with  the  stcriuim — apex  of  the  triangle — to  the  sternal  end  of  the  bape 
line.  The  superior,  outtr,  or  oblique  Hue,  3  inches  in  length,  is  somewhat  curved,  and  passes 
downwards  and  outwards  from  the  apex  of  the  triangle  to  the  apex  of  the  heart  The  cHnical 
value  of  the  superficial  dulness  is  not  great.] 

[Deep  Cardiac  Dulness. — By  this  method  theoretically  we  seek  to  define  the  exact  limits  of 
the  heart  as  a  whole,  and  thus  to  ascertain  its  absolute  size,  and  of  course  percussion  has  to  be 


Sec.  56.] 


INNERVATION    OF   THE   HEART. 


89 


done  througb  a  certain  thickness  of  lung  tisaue,  and  hence  one  must  atiike  the  pleximetef 
foMbly.  It  extends  vertically  from  tlie  third  nl>  and  eruls  at  the  sixth,  hut  owing  to  the 
cardiajc  inergtnji;^  in  the  h€:fJ^atic  dulncss,  this  lower  limit  catinot  be  acciirntely  ascertaiued  ;  while 
tnnispcrschf  at  the  fourth  rib  it  ext+i-nds  hooi  just  within  the  nipple  linfl  to  slightly  beyond  the 
right  of  the  sternum.  By  these  means  we  may  di^teft  increase  m  the  size  of  the  heart  or  altera- 
tions iti  the  relation  of  the  lungs  to  the  heart,  fluid  in  jwricardinm,  &e.  Tbua  it  ia  of  great 
iniportanee  10  the  clinician,  enabling  him  to  determine  the  si/e  and  position  of  the  ht^art,] 

[AitBcnltation. — This  ia  one  of  the  mont  valuable  methods,  for  by  it  we  can  detect  variatioriK 
And  mmlificatiouN  in  the  befilthy  soimds  of  the  heart,  the  rhythm  and  frequency  of  the  heart- 
beat, tlie  exiatence  of  ahuormal  sonndE,  and  their  exact  relation  to  the  normal  sounds,  al^o 
their  cb!iraGter«  and  relation  to  the  cardiac  cycle,  and  the  direction  in  which  these  sounds  aro 
propagated  (§5"!).] 

57.  niNEEVATION  OF  THE  HEAET.^[Iiitra-  and  Extra-Cardiac  Nervous 
Mechanisffl, — When  tho  heart  is  reinoved  from  the  body,  or  when  all  the  nerves 
whi(  h  pass  to  it  are  dividi'd,  it  still  l>eats  for  soni«  time,  so  that  it^  movements 
must  tlepeud  vipon  sonne  niechani8ni  situat^Ni  within  it^^elf*  Tlie  ordinary  rhythmiciil 
Hiovenientii  of  the  heart  are  imdonbt*Mlly  a^ot^ittte'i  tvith  the  ])resence  of  nerve 
ganglia,  whirh  exist  in  the  sulistaneci  of  the  henit — the  iidra-mnliac  fpmf/iia.  But 
the  movements  of  the  heart  are  inliuenred  hy  nervous  impulses  whiih  reach  it  from 
without,  80  thdt  there  falls  to  be  studied  an  infra-nirfiiar  and  an  ejira -cardiac 
nervous  meehani.'  m.] 

Thi'  cardiac  plexus  is  composed  of  the  following  nerves:— (1)  The  cardiac 

bKinches  of  the  vagus,  the  bramdi  of  the  same  name  from  the  external  braneh  of 

the  sui>erior  laryngeal,  a  branch  from  tiie  inferior  laryngealj  and  sometimes  branches 

from  the  ]udmonary  plexus  of  tlie  vagus  (more  numerous  on  the  riglit  side);  (2) 

the  suj>ericir,  middle,  inferior,  aitd  lowest  eardiae  branches  of  the  three  cervical 

ganglia  and  the  first  tlioiiicic  ganglia  of  the  syui]  atheth- ;  (3)  the  inconstant  twig 

yoi  the  descending  bninch  of  the  hyjtoglossal  nerve,  whi<:h,  according  ti*  Luschka, 

larisefi  from  the  upper  cervical  ganglion.     From  the  plexus  there  proceed — ^the  ihtp 

^and   the  iHiperjidal  nerves  (the  latter  usually  at  the  division  of  the  pulmonary 

artery  under  the  arch   rif  the  aorta,  ami  containing    the   giuiglion  of  Wric^herg) 

{§  370).     The  folbiwing  nerves  may  Vh*  separately  traced  from  tlje  plexus : — 

(a)  Thi>  plexus  eoronarius  dexter  and  sinister,  which  contains  the  myomotor 
mrvts  for  tlie  i  nrrmiiry  vessels  (pbysiological  proof  still  waiiting)  as  well  as  the 
nerves  (sensory?)  pror'ceding  from  them  (to  the  ]H*ricanlium  ?). 

{h)  Intra-cardiae  nerves  and  ganglia.— The  ner\  es  lying  in  the  ffruores  of  ike 
htnrf  and  in  ifs  t^uhsfanre  contain  num(*rcnis  ganglia  (Itemali)^  and  are  reganled  as 
the  automatic  nH>tor  centres  of  the  heart.  A  nervous  ring  containing  muuerous 
fgangba  corresponds  to  the  margin  of  the  sejitum  a  trio  nun  ;  there  is  another  in  tho 
fturieulo-ventricnlar  groove,  AVhere  the  two  meet,  they  exchange  fibres.  The 
ganglia  nsually  lie  near  the  pericanlium*  In  mamjutthj  the  two  largest  gangba  lie 
near  the  urifiie  of  the  superior  vena  cava — in  bmh^  the  largest  ganglion  (containing 
thousands  of  ganglionic  cells)  lies  posteriorly  where  the  longitudinal  and  transverse 
sulci  cross  eacJi  tjther.  Fine  bramthes,  also  j>rovided  with  small  ganglia,  pmceed 
frmn  these  ganglia,  and  jienetnLte  tlie  muscular  walls  of  the  auricles  and  ventriclei*. 

[Frog'i  Heart, ^T he  frog*s  heart  conalsta  of  the  sliiim  vobobiu,  into  which  open  the  single 
inferior  and  the  two  su]>erior  veam  cava^  (fig,  04).  There  are  two  anridee  ;  the  right  one  com- 
municatca  with  the  sinus  veuoauB,  and  of>ens  into  the  single  ventricle  ;  the  left  auricle  alao 
opens  into  the  aiiigle  ventricle  (fig.  63,  r),  and  in  the  latter  are  mixed  the  venous  blood  retnrned 
by  the  right  uuriclH  aiul  the  arterial  blood  from  the  left  auritle.  The  aorta  with  its  hnllnts 
arUrioaus  eondticts  the  hlood  from  the  ventricle.  The  various  oritici'S  are  gnarded  by  projec- 
tions of  tiH8Ue,  wliiih  act  lik'i  valves.  The  two  auricles  ar«  cnnmkttdy  atpaiated  by  a  se^itura, 
Thia  sept  1 1  III  ends  posteriorly  in  a  Iree  concave  margin,  so  as  to  divide  the  aniieulo' ventricular 
orifice  into  a  n'gbt  and  left  orifice.  Each  orifice  ia  guarded  by  two  thick  fleshy  valves,  which 
close  it.] 

[Nervea.— The  two  cardiac  branches  of  the  vagi— the  nervi  cardiaci^proceed  to  the  poaterior 
aurface  of  tho  sinns  venosus,  and  where  the  lattt^r  joins  the  auricle  they  interlnce,  and  are  mixed 
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mtU  A  iiutabcr  of  gAnglion  ceWu  (fig.  67).  This  spot  k  called  Eemak*e  ganglion,  i»  aoiacttmes 
single^  at  others  double,  and  it  can  be  seen  as  a  white  *'  creseeiit "  when  the  heart  [a  lifted  up 
and  looki-d  at  from  behiod  (fig.  64),     The  cardinc  nen^es  pasa  on  to  the  auricular  scptuiu — 


Fig,  ea.  Fig.  64, 

Heart  of  frog  from  tlie  front*  V,  aiuglo  veil-  Heart  of  frog  from  behind,    s.v,,  aiiius  ve- 

tticle  ;  Adf  As^  right  ftud  left  auricles  ;  nosus  opened  ;  ci,  inferior ;  cM,  ess,  right 

B,  bulbus  arteriosus;  1,  carotid,  2,  aorta,  and  left  suprior  veni^  cavw  ;  yp.,  pul- 

and  3,  pul mo- cutaneous  arteries  ;  C,  ca-  monary  vein  ;    Ad  tmd  As^  right  ontl 

TOttd  gland.  left  auricles  \  Ap,  communication  between 

the  right  and  left  auricle. 

which  contains  mMvc-cells,  kno^vn  a^  Lndwig'a  ganglion — exchaoeing  libres  in  their  cour*ie  to 
join  two  ganglia  at  the  auriculo-ventricular  groove,  and  known  us  Bidder's  gianglia  (fig,  67)«  It 
iiaa  been  stated  that  the  bulbos  arteriosus  &ho  contains  ganglionic  cells.] 
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Fig.  65. 

Auricnl a r  septum  of  a  froc'si  heart,  fi,  anterior, 
and  p^  ptiterior  branch  of  the  cardiac  vagua  ; 
B,  Bidder's  gangliott. 


Pyrifomi  ganglionic   bi- polar  nerveH 
from  tilt"  heart  of  a  frog,     ni,  shcsath  ; 
Uj  straight  process  ;  o,  spiral  process. 


i. 


According  to  Openthowsky,  every  part  of  the  heart  (frog  triton,  tortoise)  coutains  nerve- 
fibres  which  are  connected  with  the  muscular  fibrea.  In  the  aiinsdei?,  ot  the  end  of  the  non» 
niednllated  fibre,  a  tri-radiate  nucleus  exists  which  gives  ofi'  llbrib  to  tlve  muscular  bundles. 
There  la  a  network  of  fine  nerve-tibre?*  distributed  immediatidy  under  the  endocardium — thcso 
fibres  act  partly  iit  a  ceniripctat  direction  on  the  cardiac  ganglia,  and  are  partly  vwfor  for  tlic 
endocardial  muscles.  The  parietal  layer  of  the  periciirnitmi  conUius  (s^nfiory)  nerve-fibres. 
The  following  kinds  of  nerve-cells  are  found — unipohfr  crlfn,  the  single  processes  of  which  after* 
wards  divide  ;  bipolar  pyrifonn  cella  (fig.  €6),  which  in  the  frrig  possess  a  ati-aight  {n)  and 
also  a  spiral  process  (o)  {§  ■i'Jl). 

58.  THE  AUTOMATIC  MOTOR  CENTRES  OF  THE  HEA»T.-(l)  It  is 
generally  assuniLHl  that  the  uitvoub  centres  wliii-li  excite  the  cutdiiK-  movt'inunts. 
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oiul  maintain  the  rhythm  of  these  movements,  lie  within  the  heart,  and  that  they 
are  probably  represented  by  the  ganglia.  [The  heart,  however,  can  execute 
rhythmical  pulsations  without  the  presence  of  gauglionic  structures,  p.  95.] 

(2)  There  are — not  one,  but  several  of  these  centres  in  the  heart,  which  are 
connected  witli  each  other  by  conducting  paths.     As  long  as  the  heart  is  intact,  all 
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Fig.  67.  Fig.  68. 

Scheme  of  Derves  of  frog's  heart    K.  S tan uios's  experiment.     A,  auricle  ; 

Romaic's,  and  B,  Bidder's  ganglia;  V,  ventricle  ;  S.V.,  sinus  vcnosus. 

S.V.,  sinus  venosus  ;  A,  auricles  ;  Tlie  zig-zag  lines  indicate  which 

v.  ventricle;     B.A.,  bulbus  nr-  parts  continue  to  beat;  in  2  the 

teriosus  ;  vag,  vagi.  ventricle  beats  at  a  different  rate. 

its  parts  move  in  rhythmical  sequence  from  a  principal  central  point,  an  impulse 
being  conducted  from  this  centre  through  the  conducting  paths.  What  the 
"discharging  forces"  of  these  regular  progressive  movements  are  is  unknown. 
If,  however,  the  heart  be  subjected  to  the  action  of  diffuse  stimuli  (e.g.,  strong 
electrical  currents),  all  the  centres  are  thrown  into  action,  and  a  spasm-like  action 
of  the  heart  occurs.  The  dominating  centre  lies  in  the  auricles,  hence  the  regular 
progressive  movement  usually  stiirts  from  them.  If  the  excitability  is  diminished, 
as  by  touching  the  septum  with  opium,  other  centres  seem  to  undertake  this 
function,  in  which  case  the  movement  may  extend  from  the  ventricles  to  the 
auricles.  According  to  Kronecker  and  Schmey,  in  the  dog^s  heart  there  is  a  sjwt 
above  the  lower  limit  of  the  upper  third  of  the  ventricular  septum,  which,  Avhen  it 
is  injured,  e.g.,  by  destroying  it  with  a  stout  needle,  brings  the  heart  to  a  stand- 
still ;  this  has  been  called  a  co-ordinating  centre.  [The  existence  of  this  centre 
is  denied  by  some  observers.] 

(3)  All  stimuli  of  moderate  strength  applied  directly  to  the  heart  cause  at  first 
an  increase  of  the  rhythmical  heart-beats ;  stronger  stimuli  cause  a  diminution,  and 
it  may  be  paralysis,  Avhich  is  often  preceded  by  a  convulsive  movement.  Licreased 
activity  exhausts  tlie  energy'  of  the  heart  sooner. 

(4)  Single  very  weak  stimuli,  wliich  have  no  effect  on  the  heart  when  applied 
singly,  if  repeated  sufficiently  often,  may  become  active  owing  to  "  summation  of 
the  stimuli "  (r.  Basck). 

(5)  Even  the  weakest  stimidus  Avhich  can  excite  a  contraction  always  causes  an 
energetic  contraction,  2>.,  "  the  minimal  stimulus  causes  a  maximal  effect " 
(Bowditch,  Kronecker  and  Stirling). 

(6)  After  every  contraction  of  the  heart  there  is  a  short  period  of  "  diminished 
excitability "  or  Marey's  "  refractor}'  perioil,"  during  which  the  heart  is  less 
susceptible  to  further  stimulation. 

(7)  The  non-ganglionic  apex  of  the  heart,  when  it  is  not  stimulated,  no  longer 
beats  spontaneously,  but  it  responds  each  time  by  a  single  contraction  to  a  single 
direct  stimulus.  If,  however,  a  continuous  stimidus,  e.g.,  a  continuous  current  of 
electricity,  be  applied  to  it,  it  executes  a  series  of  beats.  Such  continuous  stimuli 
are  obtained  through  a  continuous  pressure  of  fluid,  exerted  on  the  interior  of  the 
heart,  or  by  moistening  the  heart  with  chemical  substances. 

(8)  The  auricular  centres  seem  to  be  more  excitable  than  those  of  the  ventricle  ; 
hence,  in  a  heart  left  to  itself  the  auricles  pidsate  longest. 
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(9)  The  heart  may  be  exciteil  (rpflexly)  frc^iii  its  iruier  surfiice.  Weak  stimuli 
applied  to  the  iniit'i"  siirfae*?  of  tlip  heart  greatly  accelerate  the  heart's  iution,  the 
stiiinilus  re<iiiired  I  icing  imuh  feehler  thati  that  ajijilied  t*j  the  external  surface  of 
the  heart.  Strong  stimiilij  which  hring  tiie  heart  to  rest,  also  act  more  easily  when 
applied  tu  its  inner  aurfaee  thati  wlien  they  are  applied  to  its  outer  surface.  The 
vrntricle  is  alway8  the  first  part  to  be  paralysed. 

(10)  In  order  that  the  lieart  may  eontiuiie  to  contract,  it  ia  necejwary  that  it  be 
supplied  with  a  tluid  whieb,  in  addition  to  O,  niiiat  contain  tlie  nere^mrt/  nntntit*e 
MahriafH,  The  niojut  perfect  tiuid,  of  coursf*,  m  blood.  Hence  the  heart  after  a 
time  ceiises  U*  beat  in  an  inditferent  fhiid  (0*6  ];er  cent,  mxlinni  ("hloride),  but  its 
activity  may  l>e  revived  by  snp plying  it  with  a  proper  nutritive  flniil. 

Cardiac  Nutritive  Fluidfl, —Theiie  mitritive  flai<ls  uri!  aaeh  ns  contain  st^ruin  albumin,  r,j?»» 
blood,  seram»  «r  l>'m]>li.  4Sennn  retaius  itn  initiitivc  j^roiwrties  *iven  after  it  liaa  be«n  ittibjeited 
to  diffusion  {Mttfttu.!i and  Kroiicckfr),  Milk  and  wliey  {v.  OU),  uoiniid  snline solution  mixed  witJi 
blooil,  alliurviiii,  or  |»eptone,  and  0"3  fjer  tent,  sotliiini  cairlxiiiate  {Krmt^clrrt  Memnomicz  and 
Sti'^ft&fi}^  R  trace  of  L'iiiistic  sckIh  {(ttuflf),  or  a  KoPition  of  the  salts  of  »ovam,  are  auitable.  Alka> 
lint  solution  of  soik  revives  a  feebly  iKviting  Imait  by  iieatralisiug  the  acid  formed  in  the  cardiac 
muscle,  and  sodws  normal  saline  containing  cakie  phosphate  and  potassic  thloride  (AT.  Ehufer), 

(11)  The  indej^^ilent  pulsations  of  parts  of  the  heart  whirh  art'  devoid  of 
f^anglia  show  that  the  presenee  of  ganglia  is  not  al>sohitely  ueee,HSiiry  in  order  to 
have  rhythniital  ]iulsfitio]i.  Direct  stimulation  of  the  lieart  may  caune  these  move- 
nit^jts.  Bnt  the  ganglia  are  more  excitable  than  the  heart  muscle  itself,  and  they 
condnct  the  impnlsea  which  lead  to  the  regidar  alternating  action  of  the  various 
parti*  of  the  heart,  so  that,  unfler  normal  cirtuni stances,  \\v  nuist  assume  that  the 
actitm  tjf  the  heart  la  governed  by  the  ganglia. 

{12)  If  a  heart  be  ent  in  pieces,  so  that  the  individual  piecfs  still  remain 
connected  with  each  other,  the  regidar  peristaltic  ur  wa\  e-like  nuivtniient*^  j>rocecHling 
from  the  auricles  to  the  ventricle  may  continue  for  a  long  time  (Dtmders, 
Ejitjtfmamt),  If  the  hearty  however,  lie  cciniplctely  divideil  into  two  distinct  pieces 
^auricle  and  ventrii-le),  the  movements  of  both  parts  continue,  hut  not  in  tire  same 
fteipicnce — they  beat  at  ditterent  rates. 

The  chief  exiwrlments  upon  which  the  aluive  Httitement^  are  based  are  as 
follows  :— 

L  Exi>eriracutH  by  cutting  and  ligaturing  the  licart.  These  experiments  have 
l>een  made  chiefly  upon  the  heart  of  the  frog.  Tlic  ligatnre  expenments  are  per- 
formed by  tightening  and  then  relaxing  a  ligature  placed  around  the  heart,  so  that 
the  physi<j logical  cojinection  is  destroyed,  while  the  auatomical  or  mechaiucal  con- 
ne'  tiona  (continuity  of  tlie  canliac  wall,  intact  condition  of  its  cavities)  still  exist. 
Tlie  mt>.st  important  of  these  experiments  are — 

(1)  StaiuuQs's  Experiment. — If  the  sinus  venosus^of  a  frog's  heart  be  sepamttnl 
hwin  the  anricles,  either  by  an  ineisic^n  or  by  a  ligattire,  the  anricles  and  ventricle 
stand  still  in  diastole,  whilst  the  veins  and  the  remaimler  of  the  sinus  continue  to 
beat  (Jig.  68,  1).  If  a  second  incision  lie  made  at  the  auricnlo- ventricular  groove, 
as  a  rule  the  ventricle  begins  at  onee  to  beat  again,  whilst  the  anricles  remain  in 
the  condition  of  diastolic  r*'st.  [Thus  the  sinus  veiiosus  and  ventricle  continue  to 
beat,  while  tile  auricle  st4m(is  still,  but  the  two  former  no  h>nger  beat  with  the  same 
rhytlun,  the  ventricle  UHUally  heat^  more  sh«wly,  lus  is  sluiwn  in  Hg.  68,  2,  by  the 
large  zig-ziigs,]  According  to  the  jjosition  of  the  second  ligature  or  incision,  the 
aurifdes  may  also  beat  along  ivith  the  ventricles,  or  the  auricles  alone  may  beat 
while  the  ventricle?*  remain  at  rest. 

Theoreticftl. — Various  explanations  of  thcic  experiments  have  been  given  : — (A)  ReutAk*9 
gati;{lii>ii  in  tlie  »^inus  vc^noauH  \&  distiuxnished  by  ita  greiit  excitability^  while  Biiiiler'B  ganglion 
in  the  auricido-veiitriculiir  groove  is  less  excitable  j  in  tbc  normal  conditiou  oJ"  the  he^rt  the 
motor  impuke  is  carried  from  the  fomn-j  to  the  btter.  If  the  sinus  venosus  Imb  sc'jj^rattd  from 
tlie  heart,  Kemnk'a  ganglion  lias  no  action  on  the  heart.     Thu  heart  9toi>e  for  two  reaaona — 
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first,  beeansc  Bidder's  ganglion  alone  lias  not  aiitfieicnt  enert^y  to  excite  it  to  action,  and  becnuao 
the  inhibitory  fihms  of  the  va^us  goin^  to  the  heart  have  been  stimulated  by  being  divided  nt 
this  poiat  {Heidrnh^uH).  [That  stinuilatioD  of  the  inhibitory  libies  nf  the  vagUH  is  not  tlie 
cause  of  the  stjiiKlHtill  is  proved  by  the  fact  that  the  standstiU  occurs  even  oftor  the  adminia- 
trntion  of  atropine,  which  parjilyscs  the  cardiac  Inhibitory  nieehriLii^inJ  The  passive  heart, 
however,  nmy  lie  made  to  contract  by  mechanically  stinmlating  Bidder's  ganglion,  eg,,  hy  a 
alif^ht  ]>rick  with  a  needle  in  the  amiculo-ventricular  groove,  or  by  the  action  of  a  constant 
current  of  moderate  strength  (Eckhani),  the  ventrkulnr  pulsation  at  the  mme  time  preceding 
the  auricular  (r.  Bf^oht,  Brnitkirt),  If  the  aoriculo-ventricnlar  groove  be  divided,  the  ventHdc 
pnlsateK  agahi,  beeauHo  Fiiilders  ganglion  has  been  stimulated  by  the  net  of  dividing  it ;  while, 
at  the  same  time,  the  ventricle  h  witbdriivvu  from  the  inhibitory  influence  of  the  vagns  pro- 
duced by  the  Hrst  divison  at  the  sinus  vcuobus.  If  the  line  of  se]mration  is  so  made  that 
Bidder's  ganglion  renininH  attncbed  to  the  auricles,  these  |ju]satt%  and  the  ventricle  rests  ;  if  it 
be  divided  into  halves,  ihf^  auricles  and  ventriple«  pulsate,  each  half  being  exeited  by  the  portion 
of  the  ganglion  in  relation  with  it,  (H)  Accooiing  to  another  view,  both  Remak's  (n)  and 
Bidder's  ganglia  (h)  are  motor  centres,  but  in  the  auricles  there  is  in  addition  an  utJubitm-y 
ganqlionic  system  (c)  {Bezotdy  Trattbt),  Undfr  normal  circurnBtanceg  a  +  b  is  stronger  than  t, 
while  r  is  stronger  than  a  gt  h  separately.  If  the  sinus  veno*U8  be  se|iarated  it  beats  in  virtu*; 
of  rt  I  on  the  other  hand,  the  heart  rcftts  because  <^  is  stronger  thnn  b.  If  the  section  be  made 
at  the  level  of  the  aiiriculo-ventricular  groove,  the  anricles  stand  still  owiog  to  i\  while  the 
ventricle  beats  owing  to  h, 

(2)  Bescarte's  Experiment  (1644). — If  tin-  vontriclp  of  a  frog's  ]mn'i  l>r  >n  piirati'd 
inmi  till!  ri'st  <>f  th^  invert  by  mpaiisof  it  ligature^  or  In'  an  mcision  rarninl  through 
it  at  tho  level  of  tlio  amic  uh>vontricuhir  gronve,  the  siim,s  ati*!  atria  [nilsato  mnlis- 
turbed  as  before,  but  the  ventricle  statiils  «tlll  iu  iliast^de.  A  single  IcH-al  Mtimuhia 
applied  to  the  ventriele  i.H  responded  to  by  a  ffimjle  contraction.  If  tln^  iiKisioti  be 
so  made  that  the  hnvt^r  margin  of  the  unrieiilar  septum  remain?!  atta<^hed  t*i  the 
ventricle,  the  latter  pnlsate^i.  Even  tlic  ventricleB  of  a  mb!dt  h  heart,  w!ien  sepamted 
along  witli  a  part  of  the  aurieleH  in  eoiineetion  with  them,  pulsate  {Tpfer'sterit). 

[Gaakell^B  Clamp. — Cask  el  I  uses  a  clamp,  regulated  by  a  millimetre  screw,  to  eompresa  the 
heart,  and  thus  to  (d>atru('t  the  passage  of  Impulses  from  one  part  of  the  heart  to  the  other,  or 
to  "block"  tht!r  Wiiy,  the  |iulsation8  i>f  the  auticles  and  ventrules  being  st-paratcly  registered. 
By  compressing  the  heart  at  the  auncuki- ventricular  groove,  the  ratio  of  auiicylar  and  ventri- 
cuhir  beats  altera,  aod  instead  of  being  I   :   1,  thei-e  may  be  2,  3,  or  more  auricular  beats  for  each 

bfttt  of  the  ventricle,  expressed  thus — y  ,   1  '  T  -    T    "      ^^^^^'    ^^^*^   heart   i**  fixed   by   the 

olamp,  levera  are  placed  horizontally  above  and  below  the  heart.  These  levers  are  fixeil  to  a  port 
of  the  aunclea  find  to  the  apex  by  means  of  threails.  Each  pint  of  the  heart  attached  to  a 
lever,  as  it  contracts,  pulls  upon  its  own  lever,  so  that  the  extent  and  duration  of  each  con- 
traction may  be  registered.  This  method  is  applicable  for  studying  the  elFect  of  the  vngua 
and  other  nerves  upon  the  henrtd 

(3)  Section. — A.  Fiek  showed  that  the  process  of  exeitemeiit  iu  the  contraetile 
tisswi  of  the  frog's  heart  is  pro] la gated  in  all  direetiens  (1874),  bo  that  to  a  eertain 
extent  the  whole  frog's  heart  liehaves  like  one  continuons  niusciilar  iibre  ;  thns  om- 
transverse  ent  iiit4>  the  ventriclf^  does  not  prevent  eontraetion  fr<>m  taking  phiee  in 
tlie  separated  part-^.  Kngelmann  s  experiments  also  .show  that  if  the  ventricle  of  a 
frog's  heart  be  ent  up  into  two  ur  more  stniis  in  a  zig-zag  way,  so  that  the 
indtvidnal  farts  still  remain  eonnected  with  eaeli  other  by  mnscnkr  tissue,  the 
strijis  still  iR^at  in  a  regnlarly  pnigressive  rhythmical  maimer,  providetl  one  strip 
is  caused  b>  con! met.  The  rapidity  of  tlie  transmission  is  about  10  to  15  nmi.  per 
sec.  Hence  it  apjiears  that  the  condneting  |»aths  for  the  impuLs4'  lausing  the  con- 
traction are  not  nervous,  but  must  \k^  the  contraetile  mass  itself.  It  Ims  not  been 
proved  that  nerve-fibres  proceed  from  the  ganglia  to  all  th*^  muscles. 

[According  to  Marchond'a  exi>erinicnts,  it  takes  a  very  long  time  for  the  excitement  to  puss 
from  the  anriclcH  to  the  ventricle- -a  much  longer  tirni^  in  fact,  than  it  would  require  to  conduct 
the  excitement  through  muscle — so  that  it  m  prol>able  that  the  projiagation  of  the  impulse  from 
the  auricles  to  the  veutricle  ia  conducted  by  nervous  channels  to  the  auriculo-ventrirular 
nervous  apf^aratus.  In  fact,  in  the  mammalian  heart  the  muscular  fibrea  of  the  auricles  aru 
quite  distinct  from  those  of  the  ventricleaj 
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ACTION   OP  FLUIDS  ON   HEART. 


[Sec-  58, 


(4)  WIk'H  tlie  }*|K"X  of  n  frog*8  heart  is  ligaturetl  off  fmni  tlic  rest  of  the  heart,  it 
no  lougi^r  pul'iitti's  {Ihifh'Hhain^  GaUz)^  hut  stieli  uti  opfx,  if  stiimilatLnl  directly, 
t\g,,  hy  a  [u-ifk  of  u  lun,  rt-Bpcrnds  witli  a  single  t-ontmition.     If  the  '' he4irt-apex  ** 
be  iillc4  with  uornuil  .Hiiline  solution  under  pressui'e,  which  acts  as  a  sthnulu^,  the 
heart  begins  k)  j minute,  and  the  siinie  is  the  cjise  with  a  solution  of  del])hinin  or  — 
qniuine.     If  a  eaiinula  be  tied  into  the  heart  over  the  anrieulo-ventricidar  grixire^  I 
the  %'entriele  does  not  beat,  but  if  the  \'entricle  be  filled  through  the  ciiinnuLi  with  " 
blowl   I'ontaiiiinj;!:   oxygen,  iniiler   a  ronst^mt  and  sntheient  pr*?8sure,  it  jailsat^ft 
{Luihritj  and  AMfiuwoarz),  m 

[(5)  LueiLuii  found  tliat  a  heart  ligatured  al>ove  the  anriculo-ventricular  groove,  f  I 
when  tilled  with  pure  j^tuui,  prodnced  ffroup^  of  pnhaiioiu  with  a  lonj^  difistolic 
jwiiiBc  between  every  two  gronjw  (fig.  09),     The  successive  beats  in  each  group 


Fig.  69, 

Four  i^rotiiis  of  palsatiotis  with  intx?rveaing  pauses,  witb  tlieir  "staircase"  character.    The 
poiutH  on  the  abscissa  wore  marked  every  10  aecorj<l-s. 

a,«Lsnine  a  ^^wtidrease*'  eharaetet  (p.  98).  These  periodic  gioup^s  unilergM  many 
ehangrs  ;  they  occur  when  the  heart  is  filled  with  pure  serum  free  fnmi  hlofKl- 
eorpusi  Ir:^,  and  they  disapjiear  and  give  [>lace  to  regular  puLsiitions  when  defilirinated 
blood  or  sernm  containing  hieniogl<»bin  or  norma!  Siiline  solution  is  u^ed  (RomffWik), 
They  also  iX'tur  when  the  blotwl  within  the  heart  has  beeonie  dark -co  loured,  i.e.^ 
when  it  has  Ijeeti  deprived  of  certain  of  jtn  constituents,  and  if  a  trace  of  vercUrm 
be  addeil  to  liright  red  bliXMl  they  occur,] 

(0)  An  apex  preparatioji,  wlien  stimulated  with  eveu  a  weak  induction  shock, 
always  gives  its  maximal  contraction,  and  when  a  tetanising  curix^nt  is  applied 
tetanus  does  not  occur  (Krojierker  ftmi  Stirlimf).  Wlien  the  ojx^ning  and  closing 
shocks*  of  a  sufiieiently  strong  const^wt  current  are  applied  to  the  heart-apex,  it 
contracts  with  each  closing  t«roi>ening  shock,  [Wlien  a  rouMaut  ciin^nt  is  ajijilied 
to  the  lower  two-tliirtls  of  the  ventricle  (beart4ipex),  imder  certain  conditions  the 
a[iex  contracts  rhfithmiraUff.  This  is  an  important  fact  in  connection  with  any 
thef*ry  of  the  cartliac  beat] 

(7)  If  the  bnlbus  aortae  (friDg)  be  ligntured,  it  still  pulsativ^,  provided  the  internal 
pressure  be  ni*Mlerate.  tSbouKl  it  cease  to  heat,  a  single  stimulus  makes  it  i^'spond 
by  a  series  of  contractions.  Increase  of  temperature  to  35'  C,  and  raising  thu 
presj^imi^  within  it,  increitse  the  number  of  [»ulsati<ms  {Emjdnumn). 

Action  of  rillids. — Haller  was  of  o]vinion  that  the  venous  blwHl  was  the  natural 
stininlus  wbirh  caused  the  heart  to  contract  That  this  is  not  so  is  proved  at  once 
by  the  fact  tliiit  the  heart  beats  rhythmically  when  it  contains  no  1>loo<b  Bloml 
nml  i^ther  finiils  which  are  sup|»lied  to  an  excised  heart  are  not  the  cause  of  its 
rhylliinical  moveiueiits,  but  only  the  conditions  on  wliich  these  movements  depend, 

[Hethods, — Tlie  sUi4y  of  the  action  of  Huida  M\Mm  the  excised  frog's  heart  has  been  readened 
()09iiiblc  by  the  invintion  of  Liul wig's  *'frog-iiiauometer."  The  apparatus,  as  iiiodifiod  by 
Krone€ker'(figf.  70),  coDsisfjH  of  (1)  a  tjouhb- way  caai]iitr.p  r,  which  m  tied  into  the  heart,  h  ;  (2) 
a  manouieter,  w,  connected  with  t\  and  registering  the  movements  of  \U  mercury  on  a  revolv- 
iiig  cylinder,  njl ;  (3)  two  ilaniotte'a  flask»^  a  and  //,  which  are  connected  with  the  other  limb  of 
the  cannnla.  Either  u  or  b  can  be  placed  in  eornniuoi cation  witii  the  interior  of  the  heart  by 
meani  of  the  stop-co«k,  «.  To  the  flaid  in  one  gi-atluated  tube  may  be  a^ideii  the  subiitauce 
who»e  elfet't  on  tne  heart  it  is  propost^d  to  investigate,  wliile  the  fiuid  in  the  other 
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HEART   PREPARATIONS   AND  MANOMETER. 
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renuLins  without  tht?  atldition  of  any  substance  oikI  luiii  ht^  wned  »is  a  control-fluid  ;  d  is  ai^lans 
>^sael  for  fluid,  in  which  the  heart  pulsates^  r'  and  e  are  ilertixuks,  f?  is  inserted  intti  the  fluid  in 
ti,  c  in  attadRHl  to  th**  (lernmn  silver  latmiila  \vhi»"h  is  shown  in  li^.  71.1 

[In  the  tonometer  of  Roy  {Hks.  72  and  73)  tlie  ventricle,  k,  or  the  whole  heart,  is  placed  In  an 
air-tight  i^haraber,  o,  filh«l  with  oiL  As  before^  a  ''  per- 
fusion "  etninulft  h  tied  into  the  heart.  A  piston,  ^/, 
works  up  nnd  down  in  a  cylinder,  and  is  adjusted  by 
mt'aiiH  of  a  thin  fllesihle  animal  mennbrane,  anch  as  is 
used  by  perfumet^.  Attached  to  the  piston  by  means 
of  a  thread  is  a  writing -Ifver,  I,  whieb  rwords  the  varin- 
tious  of  preaaure  within  the  chamber,  o.  When  th« 
ventricle  contracts,  it  l>€N.iome.s  smaller,  diminishes  the 
pressure  within  o,  ami  hence  the  piston  and  lever  rise  ; 
converfiely,  when  the  heart  dilatus^  the  lever  and  piston 
detc^nd.  Variations  in  the  volnra©  of  the  ventricle  mny 
be  rejfistered  without  in  nny  way  interfering  with  the 
flow  of  fluids  through  it.] 

[Two  preparations  of  tlio  frog's  heart  have  been  used 
— (1)  Tlie  ** heart,"  in  which  case  the  cannula  is  intro- 
daced  into  the  hmrt  through  tha  sinus  venosas,  and  a 
ligatare  is  tieil  over  it  amund  thf  auHde^  i.t,^  aht>y>c  the 
anrifulo'ventricular  groove.  Thus  the  aiiricu!o'Ven- 
tricnlar  ganglia  and  other  nervous  istructures  remain  in 
the  preparation.  Thin  was  the  heart  prej>aration  em- 
ployed l>y  Lvieiani  and  Rossbach.  (2)  In  the  '"heart- 
apex  "  or  apex  prepamtioOf  the  cannuia  is  intrcxlneed  as 
before ;  but  the  ligature  is  tied  on  it  over  the  vcntiicle 
ee?t:r[d  luillimetrea  Uhw  the  an nculo-ventricular groove, 
BO  that  tbia  premration  contains  none  of  the  aiiriculo- 

ventrieular  ganglia,  and,  according  to  the  usual  state- 

raent»  this  part  of  the  heart  Is  devoid  of  nerve  ganglia. 

This  is  the  preparation  which  was  used  by  Bowditcb, 

Kronecker  and  Stirliug,  Merunouicz,  and  others.] 
[The  first  efTect  of  the  application  of  the  ligature  iu 

both  ciiic«  18,  that  both  prcj^rations  cease  to  beat,  but 

the  *Mieart"  usually  re«unie«  it*  rbythniii'al  coutractionB  within  several  minutes,  while  the 

'*  heart-apex  "  doew  not  Lontract  s  pon  tun  eons  ly  until  after  a  much  longer  time  (10  to  90  njina,).] 
[If  the  '*  heart-apex  "  be  hlled  with  a  0"6  fier  cent  solution  of  common  salt,  the  con  tractions 

are  at  first  of  greater  extent,  hut  they  afterwanls  cease,  and  the 

preparation  pusses  into  a  condition  of  "apparent  death/'  lasting 

30-90  mins. ;  while,  if  the  action  of  the  fluid  he  nrolonged,  the  heart 

may  not  e^otract  at  all,  even  when  it  i«  Btimulated  electrically  or 

inechanirally.     It  may  be  made,  however,  to  pulsate  again.  If  it  be 

supplied  with  saline  solution  containing  blood  (1  to  10  ywir  cent.). 

If  the  ventricle  he  nipped  with  wire  foree^ts  at  the  junction  of  the 

upper  with  its  middle  third,  so  as  to  separate  the  lower  two-thirds 

of  the  ventrkle,  uliysiologially  hut  not  anatomically,  from  the  rest 

of  the  heart,  then  the  ajiex  will  cease  to  contract,  although  It  is 

Btil!   supplif^d  with   the   fpoj»'s  own    blood   {Btrnstein,  Bowdittk). 

The  physiologically  isolated  apex  may  he  made  to  beat  hy  clamp- 
ing the  aortic  brandies  so  as  to  prevent  blood  passing  out  of  the 

Iteart,  and  thus  raising  the  intracardiac  pressure.     The  rate  of  the 

beat  of  the  a{M?x  is  Indeftendent  of  and  slower  tbnn  that  of  the  rest 

of  the  heart.     This  ex[>erinient  proves  that  the  amount  of  ppesBiire 

within  the  apex-cavity  is  an  Im portent  faictor  in  the  causation  of 

the  spontaneous  heats  of  the  a[iex.     If  bloodsernm,  to  which  a 

trace  of  delphlnin  is  added,  Ixj  transfu.sed  or  ^* prrftiscd'^  through 

the  heart,  the  heart  t>egina  to  hcAt  within  a  minute,  continues  to 

tieat  for  sovoml  seconds,  and  then  sUnds  still  in  diastole  {Bmvdifch), 

(Quinine  and  a  mixture  of  atropine  and  mnscaiin  have  a  similar 

action.     These  ex  lie  rim  en  tj*  show  that, /j^wi'iWcdf  no  nerwn'*  apj^nr- 

«fw.»  exinis  within  fkf!  hrarf-dp^r,  the  cause  of  the  varying  contrac- 
tion ii  to  be  sought  for  In  the  musculature  of  the  heart,  and  that  the  stimulus  necessary  for 

the  systole  of  the  heart's  apex  may  arise  within  itiielf.     If  there  is  no  nervous  apparatus  of 

any  kind  present,  then  we  must  assume  that  the  heart-muscle  nu^y  execute  rhythmical  move- 
ments mdepen<leutly  of  the  nresence  of  any  nervous  mechanism-,  alt  hough  It  is  usually  assumed 

that  the  ganglia  excite  the  lienrt'TUUScle  to  |>ulsate  rhythmieally.     It  is  by  no  means  itrfinitdjf 


Mieme  of  Kronecker'a  frog-mano- 
meten  ft,  6,  Marriotte'a  tlaaks  for 
the  nutvient  fluids  ;  .t,  stop- cock  ; 
fj  ctinuula ;  wi,  manometer^  A, 
heart  \  dj  glass  cup  for  A ;  t\  c, 
electrodes  ;  cyl^  Tovolving  cylinder. 


Fig.  71. 

Ferfusfon  caunula  for  a 
frog's  heart,  c,  for  fixing 
an  electrode  \  d,  the 
heart  b  tied  over  the 
tianges  preventing  it 
from  slipping  out ;  «, 
section  of  d. 
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TONOMETER. 


proved  thttt  tbe  heart^pex  is  devoid  of  all  nervous  fltracturos,  wIul-Ij  may  act  as  origtaatars  of 

the*e  rliylluiiica!  imptilse*.} 
[AotioE  of  Drugs. — U  the  lii'art-npex  contains  no  nervous  structures,  it  muiit  form  &  good 

objcLt  for  the  stud^^  of  the  uction  of  drugs  on  tlio  eardiati  muscle.     Some  of  these  have  been 

nieoticined  already.  Ringer  finds  that  a  calcium 
salt  makes  the  contrjietioua  higher  snd  longer. 
Dilute  acids  added  to  sidiue  solution,  e.^.^ 
liictic,  cause  coiiipletc  relaxation  of  the  CArdiac 
uuisculature,  while  dilute  alkaliea  product*  an 
onpojiite  etTt'tjt  or  tonii^  eon  traction,  even  though 
the  apex  be  not  pulsating.  The  action  of  a 
dilute  acid  may  be  set  a^iinle  by  a  dilute  oikali 
and  rke  iy:iv;4.  Digital! n,  antiarin,  b^Lrinm, 
and  Yeratria  act  like  alkalies,  while  Baponin, 
mnsGAiin,  and  pilocarpin  huve  the  cliect  of 
acids  {§  65).  Au  iso luted  frog's  hearty  littigu«d 
after  hemg  su[»plied  with  a  solution  of  blood, 
is  caused  to  beat  more  vigorously  by  a  solution 
of  kresitinio    or  extract  ol  meat  {Moifs),] 

[The  *' heart"  pi'eparation  in  many  respects 
behaves  like  the  roregoin;fi  Lc.^  it  is  exhausted 
after  a  time  by  the  continued  ap[dication  of 
normal  saline  solution  (0*6  per  cent.  NaCI), 
wbile  its  activity  may  be  restoitnl  by  supplying 
it  with  albuminous  mid  other  tliudH  {p.  92).], 

IL  Direct  StimElation  of  the  Heart. 

— -x\ll   direct   cimliac   stimnli    ai't    uiort: 

energetieuily  on  tln^^   inner  than  on   the 

Fig.  72.  ontor  surface  of  the  lienrt.      If  strung 

Boys  tonometer,  as  made  by  the  Cambridge  stimuli   are  applied  for  too  b^ng  a  time, 

Scientific  Instrunieut  C'ompny.  the  ventricle  m  the  part  (irnt  piimly.stMl. 

(«)  Thennal  Stimuli  ^ — [Heat  atTects  the  nurfiher  or  freqiieney  nnd    the   amplitude  ol  the 
ptdsattona,  as  well  as  the  duration  of  the  systole  and  diastole  and  the  excilabUU^   of  the 
Leart]     Descartes  (1644)  observed  that  heat  increased  the  number  of  pnlnutions  of  an  ctd's 
heart.     As  the  temperature  iucreoBes,  the  number  of  beats  is  at 
\         ^y  first  considerably  increa.'fcd,  bnt  afterwards  the  beats  agiiiu  litecome 

sA/y/  fewer,  and  if  the  tem|>erature  is  raised  above  a  certain  limit  thu 

j^^C  heart  stands  stilly  the  myosin  of  wbic^li  its  fibres  consist  is  eoagu* 

HH^  latedf    and    *^  heat-rigor**    occurs.      Even    l>efore   this   sta^e  is 

j^jK^^'^^  reached,  however,  the  heart  may  stand  still,  the  muscular  fibrfis 

r       ^^Bti      I  appearing  to  remain  contracted.     The  ventricles  usually  ccas«  to 

i  iljW  ^**  l>efore  the  auricles  iSehctde),     The  ffiz^  and  r^ieni  of  the 

^^  contractions  increase  up  to  nbout  20"  C,  but  above  this  point 

they  dindnlsh  (fig,  74),  The  tiuu  occuiued  by  any  single  con- 
traction lit  20''  C.  is  only  about  i^tb  of  the  time  occupied  by  a 
contraction  occurring  at  5"  C.  A  heart  wbich  has  been  warmed 
is  capable  of  reacting  pretty  rapidly  to  intermittent  stimuli,  while 
a  heiirt  flt  n  low^  teraprature  reacts  only  to  stiiinili  occurring 
at  ft  considerable  interval  {Gauff). 

Cold, — When  the  temperature  of  the  blood  is  diminished,  the 
heart  beats  more  slowly.     A   frog's  heart,  placed  between  tw*o 

watch-glasses  and  laid  ou  ice, 
heats  very  much  more  slowly. 
The  pulsations  of  a  frogs  beivrt 
stop  when  the  heart  is  exposed  to 
a  temjMjrHturc  of  4"  C.  to  0",  If  a 
frog's  hejirt  be  taki^u  out  of  warm 
water,  and  suddenly  jdaced  ujion 
ice,    Lt   beats    more   rapidly,    and 


I 


Fig.  73. 

Roy's  heart  tonometer.   A,  heart ;  cj,  air-tight  chamber  ; 
p,  piston  ;  l\  writing- lever  ;  e,  outflow  tube. 


conversely,  if  it  be  taken  from  ice  and  pkced  over  warm  water,  it  beats  more  slowly  it  first 
and  more  rapidly  afterwards  (Arisi&w), 

[Methods— TIr*  effect  of  heat  on  a  heart  may  be  studied  by  tbe  aid  of  the  frog-uianometer, 
the  fluid  in  which  the  heart  is  placed  b^ing  raised  to  auy  temiiorature  retiuired.  For  demonstra- 
tion purposes,  the  heart  of  a  pithed  frog  is  excised  and  placed  on  a  glass  slid©  ander  a  light 
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tv,  surli  as  A  straw.      Tlic  slide  is  wamied  by  uieaus  of  a  spirit-lamp.     In  thia  way  the 
R-c^juciJcy  and  ftinjilitude  of  tlie  contractions  are  rcmiily  made  viatble  at  a  dbtouoe.] 

(A)  Mecbanieal  Stimuii. — Pressure  applied  to  the  Jiunrt  from  xvithoivt  accelerati-n  its  action* 

In  the  caw  of  Fran  Semfiii,  v,  Ziemsiien  found:  tlmt  slijifht  presiiure  on  thi^  imriciilo-veiitncular 

gttK>re  caused  a  iHicoDd  s  I  lort  eon  traction  of  both  vintrkloii  after  tlie  Ijcart-bcat.     Stronj?  (n-pssiire 

cauttca   a   very   irregular  action   of  tlin   cHtdiae   riinscle,     'J'his  may  readily  be   jjrodutied    by 

.  ooiofitessinr^  the  freshly  excised  lieart  of  u  dog  between  the  liiigera, 

^  Tho  intracardiac  preaaure  alao  affects  the  heart-beat  (p.  95). 

If  the  prciism'e  withiti  the  heart  be  iiicrt-aaed,  the  heart-beata  are 

gradually  increased  ;  if  it  be  dinuiiished,  the  iiniulier  of  beats 

liini  i  niches  ( Ludwuj  and  Thiiy),     If  the  intra-curdiac  pressn re  be 

very  greatly  iiieieaJieJj  tliu  heart's  action  becomes  wry  irregular 

and  fdower.     A  bi-art  which  has  ceaHod  to  beat  tuay  under  certain 

rircumstaiices  l>e  eause^l  to  execute  a  simjle  contract  ion  if  it  be 

stimulated  nicehsiincnlly. 

(r)  Hdctrical  Stimuli.— A  coaataut  eleetriciil  current  of 
modi'TUte  streugth  increases  the  nnmher  of  hcart-beatit»  Y. 
Zieinsseu  fmmd,  in  Ihe  ease  of  Fran  Seraliu  (§  47,  3),  that  the 
nnuiher  t»f  beats  was  doubled  while  ti  constant  uninterrupted 
stroog  cnnent  was  ycisscd  thiL>ugh  the  vi'ntricle.s  [If  the  con- 
stant current  be  vt^ry  strong,  or  if  tetaniaing  induction  cur- 
rent* be  applied  to  the  heart,  t.y.,  of  a  dog,  the  normal  heartd>eat 
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Fig.  74. 
A,  contmction  of  a  frog's  heart  at  19°  C.  ;  li,  at  U4'  L\  ;  C,  at  S   tj, 

isabolished,  the  ventricular  muscle  l>eiiig  thrown  into  astute  of  irregular,  arhythmic  contrac- 
tions whilst  there  in  a  great  fall  of  blood  pressure  [Lttdtckf  and  ilofa).  This  condition  is 
ispoken  of  na  delirinm  cordis  or  fibrillar  contraction.  It  is  cansfd  by  some  change  in  the 
nuisscular  fib re4s  of  tlio  ventricles  then iselves;  the  uicivenientM  are  very  complex,  last  long,  and 
occur  rapidly  ;  the  [leisisteuce  seems  to  be  due  to  the  gix*at  excitability  of  the  ventricular  tissue. 
It  appears  to  consist  of  n  raidd  succession  of  inco-ordiniital  perisbiltic  contrnctiuns,  wliieh  nmy 
be  brought  about  as  descriued  above,  or  by  the  action  of  some  doru easing  agents,  t\tj.^  {lotasgie 
bromide.  These  ventricular  iiluillar  contraetiojis  are  not  affected  ny  slimulation  of  the  vagus, 
Similar  electrical  stimuhition  of  the  auricli^s  causes  a  Huttering  movement,  more  like  rj  series 
«f  contractions,  without  any  distinct  sign  of  inco-ordination.  These  auricular  mo^'Bmeuts  are 
arrested  by  stimulation  of  the  vagus  (MndFifJiain),]  If  tlie  auriculo- ventricular  |;;ruove  be 
eompressod  so  as  to  cause  the  ventricle  of  a  frog's  heart  to  cease  to  beat,  on  ]>]uciug  one  elec- 
troile  of  a  constant  current  on  the  ventricuhir  wall  and  the  other  electrode  on  an  indilferent 
part  of  the  boily,  we  obtain,  on  making  the  current,  a  systolic  contraction  of  the  ventriijle  only 
when  tlie  cathtxte  tou^'hcs  the  ventricle  ;  and  convei^ely  ou  breaking,  only  when  the  anode  is 
on  the  heart  {BirdtrmanM). 

When  a  single  induction  shock  is  applied  to  the  ventricle  of  &  frog*a  heart  during  systole^  it 
bas  no  apparent  elfect  ;  but  if  it  is  applied  during  diastole,  tho  succeeding  contraction  takes 
place  sooner.  Tho  auricles  and  also  the  afwx  behave  in  a  similar  manner.  Whilst  they  aT« 
contractetl,  an  iniluclion  shock  lias  no  cliect  ;  if,  however,  tlie  stimulus  is  applied  during 
diastole,  it  causes  a  contraction,  which  is  followed  by  systole  of  the  ventricle.  Even  when  strong 
tetanising  induction  shocks  are  applied  to  the  heart,  they  do  not  produce  tetnnus  of  the  entire 
cardiac  muacuhiture,  or,  as  it  is  said,  "the  hea.rt  Vwow^  wo  ttUniMi'' {Krmnd'er  ami  Siirlitiff). 
Small  white,  local  weal-like  elevations— such  as  occur  when  the  intestinal  musculature  is 
stimulated — appear  between  the  electrodes.  They  may  last  several  minutes,  A  frog's  beart» 
whidi  yiehis  weak  ami  irregular  con  traction  a,  may  b«  made  to  execute  regular  rhythmical  con- 
tractions synchronous  with  the  stimuli,  il  electrical  stimuli  are  used  {Bm^ikh), 

[Break  induction  shocks,  if  of  suHicieut  strength,  cause  the  heart  to  contract,  while  weak 
«timuli  have  no  elfect ;  ou  the  other  hand^  moderate  stimuli,  when  they  do  cause  the  heart  to 
contract,  always  cause  a  maximal  contraction,  so  that  a  nrinimal  stimulus  acts  at  the  same  time 
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like  a  tnaximal  stimulus.  The'heart  etther  contracUi  or  it  dooa  not  contract,  apd  iwheo  it  con- 
tracts the  result  ia  ithvays  a  '*  maximal  contraction  "  {Kron^cket  and  Stirling).  Bowdirdi  founii 
that  the  excitability  of  the  heart  was  incr*'ased  by  its  own  raoveraents,  bo  that  after  a  heart  had 
once  contracted,  the  strength  of  tlie  j^timulus  reriuired  to  excite  ihe  next  contraction  may  Ite 
greatly  diminished,  and  y*±l  the  stiinnlus  be  effectual,  IFMually  the  (implitude  of  tlio  iirst  beat 
so  produced  is  nut  %o  ^ri*at  as  the  second  beat,  and  the  second  is  lesji  than  the  third,  so  that  a 
"staircase*-  ("Treppe"^  of  beata  of  sncces-iivdy  |;freater  eictent  wm  produced  (fig.  69).  Under 
certain  circumsLancf«,  however^  a  skeletal  muscle  gives  contractions  of  a  '*  staircase  "  character. 
This  staircase  arr^ingi'ment  occnrs  even  when  the  strength  of  the  stimulus  is  kept  constant,  so 
that  the  |iro<luction  of  one  contnietion  facilitates  the  occurrence  of  the  succec*iing  one.  A 
staircase  arrangftnent  of  the  pulsationa  is  also  seen  in  Lneiani'a  groupa  (p.  04).  The  question, 
whether  a  stimulus  will  cause  a  contraction,  depends  npon  what  particnlar  phase  the  heart  is  in 
when  the  shoi^k  is  applie«L  Even  comparatively  weak  stimuli  will  cause  a  htart  to  contract, 
provided  the  stimuli  arc  ajiplied  ftt  the  proper  moment  and  in  the  proper  tempo,  i.e,  to  say,  they 
become  what  are  called  *' infallible,"  If  stimuli  are  applied  to  the  heart,  at  intervals  which  are 
longer  than  the  time  the  heart  takes  to  execute  its  contraction,  they  are  elfectual  or  **  adequate," 
but  if  they  are  applied  before  the  period  of  pulsation  cornea  to  an  end,  then  they  aitj  inelTtiCtUiil 
[^roiu^ckcr].  It  la  quit«  clear,  therefore,  that  the  relation  of  the  strength  of  the  stimulus  to 
the  extent  of  the  contraction  of  thi*  cardiac  mnsr-le  is  quite  diEferont  from  what  occurs  in  a 
muscle  of  the  skeleton,  where  within  certain  limits  the  am plitmle  of  the  contraction  bears  a 
relation  to  the  stimulus,    while  in  the  heart  the  contraction  is  always  ifmidinaL\ 

Human  HeArt.  —V.  Ziemasen  found  that  he  could  not  alt^r  the  heart- heats  of  the  Imman 
heart  {Ftnii  Serafin,  §  47,  3)»  even  with  strong  induction -currents.  The  veniricular  diastole 
seemed  to  bo  less  complete,  and  there  were  irregularities  in  its  contraction.  By  opening  and 
closing,  or  hy  reversing  a  strong  coiisiaiit  current  applied  to  the  heart,  the  number  of  beats 
was  increased,  and  the  increase  corresponded]  with  the  number  of  electrical  stimuli;  thus, when 
the  electrical  stimuli  were  120,  140,  180,  the  number  of  heart-beats  was  the  same,  the  pulse 
beforehand  being  80.  The  normal  pulse- rat«  of  80  was  reduced  to  60  and  50  when  the  number 
of  shocks  was  reduced  in  the  same  ratio.  [In  Fmu  Setafin's  csijie  the  olectroiles  were  applied  to 
the  heart,  sepnratcil  from  it  merely  by  the  pericardium.  Ziemssen  found  that  tho  Faradic 
current  did  not  modify  the  heart's  action  when  the  thorax  was  intact,  but  that  the  constant 
current  did,  if  of  sutfieient  strength.  Herbst  and  Dixon  Mann  obtained  negative  roaults  with 
Ijoth  kinds  of  electricity  in  the  normal  thorax.] 

(d)  Ghemical  Stimuli. ^Many  chemical  substances,  when  applied  in  a  dilute  aolntiou  to  the 
inner  surface  of  the  heart,  increase  tho  heart-liteats,  while  if  they  arc  concentrated,  or  allowed  to 
act  too  long,  they  diminish  the  heart-beats,  and  paralyse  it.  Rile,  and  bile  salts,  diminish  the 
heart-beata  (also  when  they  are  absorbed  into  the  blood  &b  in  jaundice) ;  in  very  dilute  solu- 
tion* both  increase  tho  heartdicats.  A  similar  result  is  producnL  by  acetic,  tartaric,  citric,  and 
fihosphoric  acids.  Chloroform  and  ether,  applied  to  the  inner  surface,  rapidly  diminish  the 
leart-beats,  and  then  paralyse  it;  hut  very  small  quantities  of  ether  (1  ]>erceut.)  accelerate 
the  licart  beat  of  the  fr^>g  {Krofucker  and  M^G^reffor-MobrrLmn),  while  a  solution  of  1|  to 
2  per  cent,  jjassed  through  the  heart  arrests  it  temjiorarily  or  completely*  Dilutfl  solutions  of 
opium,  strychnia,  or  alcohol  applied  to  the  endocardium  increase  the  heart- beats;  if  concen- 
trated they  rapidly  arrest  its  action.  Chloral -hydrate  paralyses  tho  h»^art»  [Normal  saline  (0  6  p«r 
cent.)  fails  to  sustain  ventricular  contractions  in  the  excised  batrachian  and  eel's  heart.  When 
the  saline  is  perfused  through  the  heart,  in  about  twenty  minutes  the  heart  ceases  to  beat 
sponUtneously,  and  is  in  ex  citable  to  strong  induction  shocks  ;  but  the  weakened  action  may  be 
revived  by  perfusing  normal  saline  saturated  with  calcium  phosphate  and  containing  a  trace  of 
potassium  €nlon<le  {Ringer).} 

Action  of  Gaeea. — When  blood  containing  different  fjases  was  passed  through  a  froff's  heart » 
King  found  that  blood  containing  sulphurous  acid  rapidly  and  cooq>Ietely  killed  the  heart; 
chlorine  stimulated  the  heart  at  first,  and  ultimately  killed  it ;  and  laughing-gas  rupidly  killed 
it  also.  Blood  containing  sulphuretted  hydrogen  paralysed  the  heart  without  stimulating  it. 
Carbonic  oxide  also  paralysetl  it,  but  if  fresh  Wood  was  transfused  the  heart  recovered,  [Blood 
containing  O  excites  the  heart  {CaMt^lI)^  while  the  presence  of  much  COg  paralyses  it,  and  the 
presericp  of  CO^  is  more  injurious  than  the  want  of  0.  Blood  or  SDram  completely  saturated 
with  t'Oj  exhausts  the  heart  {SnffH  and  Kronecker),  but  it  recovers  itself  when  the  CO,  ia 
removed,     11  niul  N  have  no  elfect,] 

Cardiac  Foiaona  are  those  substances  whose  action  ia  characterised  by  special  effects  upon  the 
movements  of  the  heart.  Amongst  these  are  ueniiiml  potaah  salta,  which  cause  the  heart  to 
stand  still  in  diastole.  [An  excised  frog's  heart  ceasea  to  Wat  after  one-half  to  one  niinnte  when 
it  is  placed  in  a  2  per  cent,  solution  of  f^Kttassic  chloride.]    Even  a  very  dilute  solution  of  yellow 

niBsiate  of  |>otash  injected  into  the  heart  of  a  frog  causes  the  ventricle  to  stand  still  in  systole, 
tlar  (Java  arrow-poison)  causes  the  ventricle  to  stand  still  in  systole  and  the  auridca  in 
diastole.  Some  heart-poisons,  in  small  doses,  diminish  the  heart's  action,  and  in  lai^e  doaes 
not  un frequently  accelerate  it,  e,g,,  digitalis,  morphia,  nicotin.  Others,  when  given  in  sroall 
doses,  accelerate  its  action,  and  in  large  doses  slow  it— veratria,  aconitin,  camphor. 
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Specml  Actions  of  Cardiac  PoiaoiiB. — Tho  complkatcti  actions  of  varioas  poUons  upon  the 
heart  have  UA  observers  to  suppose  that  there  are  various  intra-cartlinc  tnechanismR  on  which 
these  substances  may  act.  Besides  the  muscular  Jtbrcs  of  the  heart  and  its  automalk  grin^iia^ 
some  toxicologists  oasntins  that  there  are  inhibitort/  (fa nfflia  into  which  the  inhibitory  fibres  of 
the  vagus  pass,  and  accdrntfor  ganglhi^  which  are  connected  writh  the  accclemting  nerve-libres 
of  the  hearL  Both  the  Inhititoryand  a^xclcralor  fjangha  are  connedcd  with  tJu  atttoniatie  ganglia 
by  conducting  chaiinels. 

Muacarin  and  all  other  trimethyl ammonium  bases  stimulate  permanently  the  iuhibitory 
ganglia,  so  that  the  heart  utands  still  (SchmUdcberg  and  Kojtpe).  According  to  G  ask  oil,  how- 
ever* whcD  the  action  of  the  sinus  is  arrested  by  musearin,  there  is  no  deflection  of  the  galvano- 
meter simikir  to  that  produced  by  the  excitation  of  the  vagus.  He  infers  that  muscario  does  not 
cause  arrest  of  the  beat  by  acting  as  an  excitant  of  inhibitory  mechanisms,  but  as  a  ilepressant 
to  motor  activity*]  As  atropin  and  daturin  pamlyse  these  ganglia,  the  standstill  of  the  heart 
brought  about  by  musciiriu  may  be  set  aside  by  atropin*  [If  a  frog's  heart  be  exeised  and  placed 
in  a  watch-glass,  and  a  ft?w  drops  of  a  very  dilute  solution  of  niuscarin  be  placed  on  it  with  a 
pipettej  it  ceases  to  be^t  within  a  few  minutes,  and  will  not  beat  again.  If,  however^  the 
muscariD  be  removed,  and  a  solution  of  atropin  applictl  to  the  heart,  it  will  rfsunie  ita  con- 
tractions after  a  short  time.]  Fhysostigmin  ar  Calabar  bean  excites  the  energy  of  the  cardiac 
muscle  to  sneh  an  extent  that  stimulation  of  the  vagus  no  longer  causes  the  heart  to  stand  still. 
lodlne-aldehyd,  chloroform,  and  chloral-hydrate  paralyse  the  automatic  ganglia.  The  heart 
stands  stilU  and  it  cinoot  be  made  to  tontnict  again  by  atropin.  Tbe  cardiac  muscle  itself 
remains  excitable  after  tbe  action  of  musearin  and  iodine  aldehyd,  so  that  if  it  be  stimulated 
it  contracts.  [According  to  (laskell,  antiarin  and  digitalin  solntiona  produce  an  alteration  in 
the  condition  of  the  muscular  tissue  of  tlie  apex  of  the  heart  of  the  same  nature  as  that  pro- 
duced by  the  action  of  a  verv  dilute  alkali  solution,  while  the  action  of  a  blood- solution  oontain- 
tng  muscarin  closely  reseniblea  that  of  a  dilute  acid  solution  (p.  110,  §  66).] 

[Some  Cardiac  PoiBonB--  The  cardiac  muficle  h  stimulated,  i.e.  ^  its  eontractiona  become  more 
en«rgetir%  the  rate  of  heart-beat  nmainin^  the  same  or  becoming  slower^ — under  the  inlluence 
of  veratria,  digitalin,  atrojdianthus,  antiann,  Ac,  while  it  is  depreaaed — as  shown  by  diininiahed 
energy  of  contraction,  and  with  final  stopjiage  in  diastole — by  muscarin,  piVocorpin,  flaponin^ 
aT>omorj)Iun,  potash  salts  in  large  doses,  &e.  Guanidin*  physostiguiin,  and  camphor  will  cause 
the  heart  to  l>Qat  rbythnilcally  after  comjdete  alilUstand  in  diastole  by  muacarin, ] 

On  the  thi-orv  that  inhibitory  ganglia  are  present  in  the  heart,  the  following  drugs — 
miiscarin  and  physostigraiu — by  stimulating  these  ganglia  cause  airest  of  heart**  beat  in 
diastole,  bnt  the  heart  still  contracts  to  a  ineehanical  or  electrical  stimulus.  These  ganglia  are 
depressed  or  p«mlj»ed  by  atropin,  sijarlein,  duboisin,  hyoseyumin,  daturin,  as  showmliy  the 
fact  th^it  stimulation  of  the  vagus  or  the  aiuus  vcuojiub  no  longer  arrests  the  heart's  action,  nor 
does  the  application  of  inUHcarin  cause  any  clfect. 

Xicottu,  Ma]>onin,  and  curare  depress  or'paralyae  the  vagus  ends  in  the  hearty  as  shown  by  the 
fact  that  atimulatiou  of  the  vagus  itself  no  longer  slows*  or  arrcjita  the  heart,  while  miiscarin 
applied  to  the  heart,  or  stiuiulation  of  the  sinus  venosus,  will  do  so. 

Drugs,  besides  acting  directly  on  the  cardiac  muscle,  or  it,s  intra-cardiac  nerve-end.-*  an<i 
ganglia,  may  influence  the  heart  in  many  other  ways.  One  of  these  is  by  their  attion  on  the 
Tagus  oenti^  in  the  medulla  oblongata,  as  shown  by  the  fact  that  if  they  stimalate  this  centre 
the  slowing  of  the  heart-beats  thereby  produced  disappears  after  the  vagi  are  cut  Amongst 
drug^  acting  in  this  way  are  digitalis  and  aconite  (after  Bothm  and  Brunton].] 

[Nature  of  a  Cardiac  CoatractioiL — The  question  iis  to  whetlier  this  is  a  siiiii>k 
contraction  or  a  eoni]  omid  tt'taiiic  contraction  haa  been  miteh  discussed.  8o 
much  is  certain,  that  the  syskdie  contraction  of  the  heart  is  of  very  nuich  longer 
flurntion  {8  to  10  times)  than  the  contraction  of  a  jskeletiil  mnscle  prr«iuced  by 
stimulation  of  it«  ini>tor  nerVe.  When  the  **ciatic  nerve  of  a  nerve-muscle  jire^ 
paraiion  is  ii<lj«steU  iijion  a  contracting  licnrtj  a  simple  secondary  twitcli  of  the 
litub,  and  not  a  tctiinic  s[)a.^ni,  is  j^rt^dnced  when  the  heart  (auricle  or  ventrtc  h>) 
eon  tracts.  This  of  itself  is  not  sullicient  proof  that  the  syi^tole  is  a  simple  «|iasm, 
for  tetanus  of  a  muscle  does  not  in  all  cases  give  rise  to  secondary  tetanus  in  the 
leg  of  a  rheoscopic  liml>,  Tims,  a  simple  *'  initial  "  contraction  occurs  when  the 
nerve  is  applied  to  a  muscle  tetanisMl  by  the  action  of  strychnia,  and  the  contracted 
diaphragm  gives  a  similar  rivsult.  Tlie  question  whether  the  heart  can  be  k'tiuiise^l 
has  heen  answered  in  tlie  negative,  and  as  yet  it  has  not  been  shown  that  the 
heart  can  be  tetanised  in  the  same  way  that  a  skelet'il  muscle  is  tetanised.] 

[MacWilliam  finds,  when  the  cprndriceps  extensor  cruris  contracts  to  cause  the  knee  jerk, 
that  a  sound  iiimilar  to  the  first  sound  of  the  heart  is  heard.  As  the  fanner  in  regarded  as  a 
simple  contraction,  it  iearijued  that  a  simple  contraction  can  produce  a  mUBcle-nound.    Frederic^] 
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regards  the  Tentnctilar  systole  not  as  a  simple  contraction,  but  a^  composed  of  three  or  moif* 
fused  contniotioiis  correspoiiditig  to  ttftaims.  Tliia  he  concludes  from  a  study  of  cardiograms  as 
well  Dfl  from  the oloctro-motive  plietiomeBa  of  the  heart] 

The  periplieral  or  extra-cardiac  nerves  (SS  3^9  and  370). 

59.  CABDIO-PNEUMATIC  MOVEMENT.— As  tlH-  heart  witliin  l\w  thorax 
occiipif^s  a  siiiidh'r  sjKit'c  during  the  systyh'  thiiii  during  tht?  difistole,  it  follows  that 
when  the  glottis  is  open  air  must  he  ilrjiwii  intcj  the  idiest  when  the  heart  funtraoUs; 
whenever  t\w  heart  rehixes^  ?>,,  tlnriug  diiistrtle,  air  must  he  expelleil  thmugh  tlie 
«>j«L"n  glottic*,  liiit  \ve  nutrtt  also  tak*-  into  aceoniit  the  degree  to  whieh  the  luiger 
intra-thonifie  Vi'ssels  ar<'  (illetl  with  IiIimmI,  These  uiov emtrnts  of  the  air  williiu  the 
hmgw,  although  slight,  sei-ni  ti>  !"•  id  im|H7rUxiiee  in  hyhernating  aniniaU.  lu 
animals  in  thi^  coniiition  tlie  agitation  of  tin*  gases  in  the  lungs  favours  the 
exchange  of  ('(J.^  and  O  in  the  hnigs,  and  this  slow  current  of  air  is  snrticient  t^ 
aerate  theldixxl  |Kissing  through  the  hnij.^.  [Ceradini  called  the  ilimiuntitui  of  tho 
volume  of  the  entire  heart  wliitdi  occurs  during  systtrle  meiocardia,  mul  the 
isuhse<[uent  inerea.'^e  of  volumej  when  the  heart  is  distended  to  its  maximum, 
anxocardia.] 

Method. — A  manomdric  flamr  may  ho  usttl,  laisert  one  liinb  of  a  Y-tube  iijto  the  o|»eiKMl 
traehea  of  tin  nnimal,  while  the  other  Undj  jKisses  to  a  small  gas-jet,  and  connect  tbe  other 
tabe  with  the  gjia  aupply.  Tlie  movements  ol  the  heai  t  affect  tlie  cohunn  of  jjas,  antl  thus 
altWt  the  Ikiiie,  It  may  also  he  done  in  man  by  inserting  the  tube  into  one  nostril,  wbilc  the 
other  nostril  and  th«  mouth  are  closed.  [A  .simpler  and  Ifss  i)ritatin|(  plan  is  to  till  a  wide 
curbed  gla88'tul>e  with  tobacco  smoke,  and  insert  one  end  of  the  tulx?  into  one  nostril  while  the 
other  nostril  and  the  month  are  elo&ed.  If  the  glottis  be  kept  open,  and  respimtion  be  stopped, 
Chen  the  movements  of  tlie  eohmin  of  aiiioke  n  ithin  tils'  lube  are  obvious.  Or  a  tnauoiueUr 
containing  a  4ro]»  of  a  coloured  tluid  may  t)e  ubihI  under  the  same  conditions.] 

The  cardiac  pneumogniph  (fig.  75)  coiisint^  of  a  tube  (D),  about  1  inch  in  Jiaineter  and 
8  to  8  inches  in  leiigtb ;  tlie  tubu  la  bent  at  a  right  angle,  and  eominunieatcs  witb  a  anudl  metul 
cafKSule  about  the  nm  of  a  saucer  (T),  over  which  a  membrane  composed  of  collodion  and  cjjistor 
oil  is  loosely  stretched.     To  this  menibraue  ia  atUiched  a  glasi^-rod  (H)  nsed  as  a  writing-style, 
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Fig.  75. 

Landoia'  cardio^pneumograph^  and  the  curves  obtained  therewith.     A  and  B,  trum  nmu; 

2  correspond  to  the  periods  of  th©  first  and  second  heart  -  sounds  ;  C,  Uom  dog  ^  V^  method 
of  using  the  apparatus. 
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which  records  its  movements  on  a  glass-plate  (S)  moved  hy  clock-work.  A  small  valve  (K)  is 
placed  on  the  aide  of  the  tubts  (D),  wbhh  enables  the  exncrimenter  to  breathe  when  nece«a«ry. 
T ho  tube  (D)  is  held  in  an  air-tight  manner  between  tne  lips,  the  nostrils  being  closed,  th« 
glottis  open,  and  resjiiration  stopped.     In  the  curveu  {tig.  75^  A,  13)  we  observe  that — 

{1}  At  the  moment  of  the  first  sound  (1)  the  respiratory  gases  undergo  a  sharp  esryiraiprff 


INFLUENCE  OF  RE.SPIRATORY  PREKSURE  ON  THE  HEART. 


lOI 


movement,  because  tit  Ibo  moment  of  the  first  part  of  this  veutricular  Bystob  tlie  blood  of  tli© 
vt'Utdclei  has  not  left  tbe  tborax,  while  venous  blood  ia  streaming  into  the  rigbt  auricle  through 
the  venne  cjuviv,  ami  l>enuis€  tho  dilating  branches  of  the  pulmonary  artery  compress  the 
ucconipanyii^g  brcinthi.  The  blood  of  th«  right  ventricle  lins  not  yet  left  the  thorax^  it  pa^fles 
merely  into  tht^  pulmonary  circuit.  The  expiratory  movement  is  dliminished  somewhat  («)  by 
tht3  iiinscular  mass  of  the  ventricle  occupying  slightly  less  bulk  during  the  contraction,  and  {$) 
owing  to  the  thoracic  cAvity  being  tilightly  increased  by  the  fifth  intercostal  space  being  pushed 
forward  by  the  cardiac  impulse. 

(2)  Immediately  after  (1)  there  follows  n  strong  inspiratory  current  of  the  respiratory  gases. 
Aa  soon  aa  the  blood  from  the  root  of  the  aorta  reaches  that  part  of  the  aorta  lying  outbid©  the 
thorax,  more  hlt»od  1cav*;3  the  cheat  than  passes  into  it  simultaneously  through  tht^  venfe  cava*. 

(3)  After  the  Bccond  sound  (at  2),  indicated  sometimes  by  a  slight  dei-vrt'ssiiDn  in  the  apex  of 
the  curve,  the  arterial  blood  accumula tea,  aud  hence  there  ia  another  expiratory  movement  in 
the  curve. 

{i)  The  peripheral  wave-movements  of  the  blood  from  the  thorax  cause  another  inspiratory 
movement  of  tbf  gases. 
(5)  More  Mood  Hows  into  the  chest  through  thi*  veiufl,  aud  the  next  heart-beat  occurs. 

60.  IKFLUEHCE  OF  THE  EESPIEATORY  PEESSUEB  OK  TEE  HEAET, 

The  variation  in  preasiire  to  avIhcIi  all  the  intra- thoracic  organs  an;  snhjeeted, 
owing  to  the  increase  nmi  ilec reuse  in  the  wizeof  the  ehe^st  eaiisetl  hy  the  reHpinitory 
movt^nientH,  exerts  rtn  inflnenee  on  the  niovejnenta  of  the  heart.  Kxaniine  first  the 
relatiorjft  in  ilifft^nmt  positive  confiiifous  of  (he  tin/rcu'^  tchen  the  /jloftia  h  open. 

The  diaatoHc  dilatation  of  the  cavities  of  the  hearty  lie^iiles  the  i>ressure  of 
the  venons  blood  aiid  the  ehistie  ,stretehing  of  tlie  relaxed  innscle-waU,  is  funda- 
njentiilly  dne  to  the  elastic  tractiOE  of  the  limgs.  Thin  in  .stronger  the  more  the 
Inngs  fire  distended  (insj>iration),  and  is  lesH  active  the  nutre  the  Inngs  are  con- 
ti-acted  (expiration).     Hence  it  follows  : — 

(1)  When  the  great4?3t  possible  expiratory  effort  is  made  (of  eonrse,  with  the 
glottis  open),  only  a  small  amoiiot  of  blood  flows  into  the  heart ;  the  heart  in 
diastole  is  small  and  eontiunt?  a  small  amoioit  of  blood.  Himee  the  systole  must 
also  be*  small,  thns  raising  a  small  jsnlse-heat 

(2)  On  takhig  the  greatest  jws^ible  Insplratioii  (with  the  glottis  ojien),  and 
therefore  eausing  the  greatest  stretehing  of  the  elastic  tissne  of  the  Imigs,  the  elastic 
tmction  of  the  hmgs  is^  of  eourse,  greatest  =i  30  mm,  Hg,  atid  may  interfere  with 
the  contraction  of  the  tliin-widled  atria  and  appendices,  in  conseqnenee  of  whieli 
the^e  cavities  do  not  eompletely  empty  themselves  into  tlie  ventrieles.  The  heart 
is  iJi  a  state  of  great  tliastolic  distention,  and  filled  with  bloml  ;  nevertheless^  in 
conseqnenee  of  the  limited  action  of  the  aurieles,  only  small  pnlse-beats  are 
observT'd,  In  several  individuals  l*onders  fonnd  the  pulse  to  he  smaller  and 
slower  ;  afterw^ards  it  became  larger  ami  faster. 

(3)  WTien  the  chest  is  m  a  position  of  moderate  re«t^  whereby  the  elastic  traetion 
is  mmlerate  =  7'5  mm.  llg,  we  have  the  eomlition  most  favtnirahle  to  Ihe  action  of 
the  heart— sufficient  diastolic  dilatation  of  the  cavities  of  the  heart,  as  w^ell  as 
unliimlereil  emptying  of  them  ilnring  systole. 

Voluntary  lEcreaae  or  diminution  of  the  intra-thoracic  preaBore  affects  the 
action  of  the  hciirt. 

(I)  Yalsalva's  Experiment  (1740).— If  tlie  thorax  is  fixed  in  the  position  of 
deei>est  inspiration,  and  the  glottis  he  then  elosed,  and  if  a  ]>uwerful  exjiiratory 
effort  be  nnide  by  bringing  into  action  all  the  expiratory  nnisch's,  so  as  to  contract 
the  chest,  the  cavities  of  the  heart  are  so  (!onipressed  thiit  the  eireidation  of  the 
blood  is  temporarily  interni[>ted.  In  tliis  expiratory  phase  the  elastic  traction  is 
very  limited,  and  the  air  in  the  hings  being  under  a  liigh  pressure  also  acts  u\Km 
the  heart  atitl  the  iutra-thoraeii?  great  vessels.  No  bloiMl  can  pass  into  the  thorax 
from  without  ;  lience  the  visiVde  veins  swtdl  up  auil  become  eongesteil,  tlie  Idotxl 
in  the  Ivmgs  is  ra|>idly  forci'd  into  the  left  ventricle  by  the  eomjjressed  air  in  the 
hnigs,  and  tlie  bltsKl  si>on  passed  out  of  tlie  cliest,  so  that  the  heart  and  lungs 
contain  little  blot>il,  thus  leading  to  a  greater  supply  of  hlootl  in  the  systemic  thiui 
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ill  the  [^uiinunary  ciri-tilatioii  and  the  heart.     Thv  heart-somids  disappear,  and  thr 
jndse  i.s  ulmMit  (E,  H,  Wehei\  Donders). 

(2)  J.  Hiiller's  Eacperiment  (1838).— Couvx'i.si4y,  if  afk-r  lla*  deepeijt  pos^iiWe 
cxpimtiijii  the  glottis  be  tlosed,  anil  the  ehest  be  now  diluted  with  a  great 
in.^pinitc<ry  etlcirt,  the  heart  is  powerfully  dilated,  the  elEL«^tic  traction  of  the  lungs, 
and  the  very  iitU-niuited  air  in  the.^e  organs,  act  so  a*  to  dilate  the  cavities  of  the 
heart.  More  blutul  lluws  into  the  riglit  hei^rt,  aii<U  "i  proiwrtioii  as  the  right 
auricle  and  ventritrle  uaii  ovcrtome  tlie  trat'tiuii  oiitwiirtls,  the  Ijlood- vessels  of  the 
kmgji  become  tilletl  with  blood,  and  thus  partly  oueupy  the  lung-space.  Mvtch  less 
blood  ia  drheu  out  of  the  left  heart-,  so  tliat  tlio  pulse  may  disappear.  Hence  the 
heart  is  distended  with  blootl  and  the  lungs  are  eongestetlj  while  the  aortic  system 
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Fig.  76. 
Appamttis  fordemoroHtraHng  the  action  of  ^xpiratit^n  (I.),  nnd  InapiTrntion  (IL)i  ^^  tlielMutaad 
blood  stream.     \^f  IK  hdigs  ;  H,  A,  heart ;  L,  I,  €lo««^  glottiM  ;  M,  w,  utanouietera  j  E»  <f, 
in^oin^  hloocl-stri-ant,  vem  ;  A,  «»  ontgoing  btood-streani,  artery;  D,  tliaplimgui  during 
escpiratian  ;  rf,  during  iiiftjapation. 

contains  a  small  amount  of  blootl,  i.e.,  the  systemic  circulation  is  com].tai*atively 
empty,  while  the  heart  ami  the  [adnnmary  vessels  are  engorged  with  blood. 

In  normal  respiration,  the  air  in  the  lungs  during  inspiration  is  under  alight 
pressure,  while  liuring  ex  juration  the  |«ressure  is  higher,  m  that  these  conditions 
favour  the  eireulatioii;  inspiration  favours  the  oi  currence  of  iliaHtole,  the  supjdy  of 
blood  (and  lyiiijdi)  through  the  venae  eavee.  In  opemtions  where  the  axillary  or 
jugular  vein  is  rut,  air  may  be  sucked  into  the  circulation  iluring  inHj)iration,  and 
cause  di*ath.  Expindion  favours  the  flow  of  blood  in  the  aorta  and  its  branches 
and  aids  the  systAihc  i-mptying  of  the  heart. 

The  ehistie  traetifju  of  the  lungs  aids  the  lesaer  circulation  through  the  lungs; 
the  hhxKl  of  the  puhnonary  capillaries  is  expt>sed  to  th<i  pressure  of  the  air  in  the 
lungs,  while  the  blood  in  the  pulmonary  veins  is  exposed  to  a  less  pressure,  as  the 
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elastic  traction  of  the  lungs,  by  dilating  the  left  auricle,  favours  the  outflow  from 
the  capillaries  into  the  left  auricle.  The  elastic  traction  of  the  lungs  acts  slightly 
as  a  disturbing  agent  on  the  right  ventricle,  and  therefore,  on  the  movement  of 
blood  through  the  pulmonary  artery,  owing  to  the  overpowering  force  of  the  blood- 
stream through  the  pulmonary  artery,  as  against  the  elastic  traction  of  the  lungs 
{Danders), 

The  above  appAratiu  (fig.  76)  shows  the  effect  of  the  inspiratory  and  expiratory  movements 
on  the  dilatation  of  the  heart,  and  on  the  blood-stream  iu  the  large  blood-vessels.     The  large 

flass  vessel  represents  the  thorax  ;  the  elastic  membrane,  D,  the  diaphragm;  P,  p,  the  lungs  ; 
I,  the  trachea  supplied  with  a  stop-cock  to  represent  the  glottis  ;  H,  the  heart ;  £,  the  veiie 
cavae  ;  A,  the  aorta.  If  the  glottis  be  closed,  and  the  expiratory  phase  imitated  by  |i|ishing  up 
D  as  in  L,  the  air  in  P.  P  and  the  heart  H  are  compressed,  the  venous  valve  closes,  the  arterial 
is  0{>ened,  and  the  fluid  is  driven  out  through  A.  The  manometer,  M,  indicates  the  intra- 
thoracic pressure.  If  the  glottis  be  closed,  and  the  inspiratory  phase  imitated,  as  in  IL,  v,p, 
and  h  are  dilated,  the  venous  valve  opens,  the  arterial  valve  closes ;  hence,  venous  blood  flows 
from  e  into  the  heart.  Thus,  inspiration  always  favours  the  venous  stream,  and  hinders  the 
arterial ;  while  cxniration  hinders  the  venous,  and  favours  the  arterial  stream.  If  the  frlottis 
L  and  /  be  ojien,  tiie  air  in  P,  P,  p,p,  will  be  changed  d urine  the  respiratory  movements  D  an»l 
d,  so  that  the  action  on  the  heart  ai>d  blood-vessels  will  bo  diminished,  but  it  will  still  i)ersist, 
although  to  a  much  less  extent. 


The  Circulation  of  the  Blood. 

61.  FLOW  OF  FLUIDS  THBOUOH  TUBES. —ToiiceUi's  Theorem  sUtes  that  the  velocity  of 
efSux  (v)  of  a  fluid — through  an  opening  at  the  bottom  of  a  cylindrical  vessel — is  exactly  the 
same  as  the  velocity  which  a  body  falling  freely  would  acquire,  were  it  to  fall  from  the  surface 
oi  the  fluid  to  the  base  of  the  orifice  of  the  outflow.  If  h  be  the  height  of  the  propelling 
force,  the  velocity  of  efllux  is  given  by  the  formula— 

V'^\j2.gh  (where  sr-=9*8  metres). 

The  rapidity  of  outflow  increases  with  increase  in  the  height  of  the  propelling  force,  h.  The 
former  ocdurs  in  the  ratio  1,  2,  3,  when  h  increases  in  the  ratio  1,  4,  9,  i,e.,  the  velocity  of 
efflux  18  as  the  square  root  of  the  height  of  the  propelling  force.  Hence  it  follows  that  the 
velocity  of  efflux  depends  upon  the  height  of  the  liquid  above  the  orifice  of  outflow,  and  not 
upon  the  nature  of  the  fluid. 

BetiBtance. — Toricelli's  theorem,  however,  is  only  valid  when  all  resistance  to  the  outflow  is 
absent ;  but  in  every  physical  experiment  such  resistance  exists.  Hence,  the  propelling  force, 
A,  has  not  only  to  cause  the  effltix  of  the  fluid,  but  has  also  to  overcome  renstajice.  Tlicbe  two 
forces  may  be  expressed  by  the  heights  of  two  columns  of  water  placed  over  each  other,  viz.,  by 
the  height  of  the  column  of  water  causing  the  outflow,  F,  and  the  height  of  the  column,  D, 
which  overcomes  the  resistance  opposed  to  the  outflow  of  the  fluid.     So  that 

A-F-f-D. 

62.  VELOCITY  OF  THE  CUBBENT.  BESISTANOE.— In  the  case  of  a  fluid  flowing  through 
a  tube,  which  it  Alls  completely,  we  have  to  consider  the  propelling  force.  A,  causing  the  fluid 
to  flow  through  the  various  sections  of  the  tube.  The  amount  of  the  propelling  force  depends 
upon  two  factors  : — 

(1)  On  the  velocity  of  the  current,  v  ;  (2)  on  the  pressure  (amount  of  resistance)  to  which  the 
fluid  18  subjected  at  the  various  parts  of  the  tube,  D. 

(1)  The  velocity  of  the  current,  v,  is  estimated — (a)  from  the  lumen,  I,  of  the  tube  ;  and  (b) 

from  the  quantity  of  fluid,  q,  which  flows  through  the  tube  in  theomit  of  time.    So  that  v^q  :  I. 

Both  values,  q  as  well  as  /,  can  be  accurately  measured.     (The  drcmnference  of  a  circolar  tube, 

3'14 
whose  diameter —(2  is  3*14  </.   The  sectional  area  (lumen  of  the  tube)  is  ;—  —r-d*).     Having  in 

this  way  determined  v,  from  it  we  may  calculate  the  height  of  the  column  of  fluid,  F,  which 

will  give  this  velocity,  ue.,  the  height  from  which  a  body  must  fall  in  vacuo,  in  order  to  attain 

the  velocity  v.     In  this  case  F-j-  where  gr-the  distance  traversed  by  a  falling  body  in  1  sec. 

-4*9  metres). 

(2)  The  previire,  D  (amount  of  resistance),  is  measured  directly  by  placing  manometers  at 
different  parts  of  the  tube  (fig.  78). 


AND  RESISTANCE 

The  projeUmg  foreo  at  any  ].Kait  of  the  tube  is^ 

/t-F  +  D 

A-  — +D  {Donder?). 

Tliia  is  prove^l  experimeD tally  by  taking  &  tall  cylindriMl  vemel.  A,  of  sufBcient  aize,  which  is 
kept  tilled  witli  water  nt  a  constant  luvel,  A.  Tbe  ri|;id  oiitfioiv  tulie.  fi?\  has  in  connection  with 
it;3  mimbcr  of  lubea  plj^ced  vertically,  1,  2,  3,  conetitutinj,'  a  piezometer. 


Jl 
Fig.  7a. 
Cylindrical  vessel  filled  with  water.  A,  cylindrical  vessel  filled  with  water  ;  aft, 

/t,  height  of  the  colninn  of  fluid  ;  outflow  tnbe,  alotjg  which  arc  placed 

D^   height   required    to   overcorae  at  intervals  vertical  tubes,  1,  2,  3,  to 

the    resialanee  ;    F^    height   caus-  estimate  the  pressure, 

ing  the  efllu:^. 

tul>e,  b,  there  iaan  opening  with  n  short  tube  tixed  in  it,  from  whicb  tlie  water  issues*  to  a  con- 
stant height,  providtni  the  level  of  /i  is  kept  constant  Thti  height  to  which  it  rises  depends  on 
the  heijcht  of  the  column  of  Ihiid  cjiusiug  the  velocity,  F.  As  the  piX'SHure  in  the  Tua-iiomotric 
tubes,  D\  I>^,  D*»  can  be  read  off  directly,  the  propelling  force  of  the  water  at  the  soctions  of 
the  tubes,  I,  I!,  Ill,  i«— 

A-F  +  L>i  J  F  +  D«;  F  +  D'. 

At  the  end  of  the  tube,  ft,  where  D^^O,  h^¥  +  0,  Lt\,  h-^F,  In  the  cylinder  itself  it  in  the 
eofifttaiit  iiressure,  h,  whkh  cflUHeii  the  movctiicnt  of  the  fluid.  It  is  clear  that  the  propelling 
forco  of  the  water  gradually  diuiiuishes  aa  we  pass  from  the  iuRow  towards  the  outflow  of  the 
tube^  ft.  The  water  iu  the  press u re-cylinder,  falling  fiom  the  height,  A,  otdy  rises  aj*  high  aa  F 
at  6.  This  dimiuutioij  of  the  proynjlliuK  power  h  due  to  the  presence  of  re«i»tinice«,  which  oppoae 
the  current  in  the  tube,  i.e.^  uart  of  the  energy  is  transformed  into  heat.  Aa  the  propelling 
force  at  h  is  represented  only  \\y  F,  while  in  the  vessel  it  is  A,  the  dilfereuce  must  be  due  to  the 
Bum  of  the  rcHiwtjincea,  D  ^  A  ^  F  ;  hence  it  follows  that  /i  =  F  +  D, 

Estimation  of  the  Besiatance, — When  a  tluid  flows  through  a  tnl^e  of  uniform  calibre,  the 
projtcl ling  force,  A,  diminishes  from  point  to  jxiiot  on  nccouril  of  the  uniformly  acting  resist- 
(4UCC,  hence  the  sum  of  the  resifltance  in  the  whole  lube  iis  directly  prnportional  to  ita  length. 
Iu  a  uniformly  wide  tube,  Huid  tlows  through  each  sectional  area  w^th  equal  velocity,  hence  v 
and  also  F  are  equal  iu  all  part^  of  the  tube.  The  dimtnulioo  which  h  (propelling  force) 
nndergoea  ean  only  occnr  from  a  diminution  of  pressure  D,  aa  F  remains  the  same  throughout 
(and  /(  =  F+D).  Experiment  with  the  pressure-cylinder  shows  that  the  pressui^  towards 
the  outflow  cud  of  the  tube  gradually  diminishes,  jn.  a  nnifm'mhj  wide  ttiUf  /A*  hfighl  of  the 
preJSitfi'  hi  the  nutnomtkrs  ij-prfx^*.^  tkt  rcsidmuxs  opposed  to  the  eurrrHl  affiidd  which  U  h*ts  to 
ovtreome  ht  its  eournrfrum  the  p>ini  imrditjiiiai  to  thefrtt  m^fcc  of  rjlux. 

Kature  of  the  Besiatance. — The  rcftistanco  opposed  to  the  flow  of  a  fluid  depends  upon  the 
ro/tf.* iV>«  ^j// A/- /xir^iV Aifj?  of  the  fluid  amoiig&t  thems^dve^.  During  the  curn'Ut,  the  outer  layer 
of  fluid  whirh  is  next  the  wall  of  the  lube,  and  which  moistens  it,  is  at  re^U  All  the  otW 
layers  of  fluid,  which  may  be  rei»re«euted  as  so  many  cylindrical  layers,  one  inside  the  other, 
move  more  rapidly  as  we  prnceed  towards  the  axis  of  tlie  tube,  the  axial  thread  or  stream 
Iwjing  the  most  rapidly  nioviog  part  of  the  liquid.  On  account  of  the  movement  of  the 
cylindrical  layers,  one  within  the  othtr^  a  jiart  of  the  pro{>elliug  energy  must  bo  used  up.  The 
amnurtt  of  the  resistance  greatly  dei>ends  upon  the  amount  t/  the  coh^sii^e  farce  which  the 
particles  of  the  Jhiid  have  for  eath  other  ;  the  more  flrmly  the  particles  cohere  the  greater  will 
be  the  resistance,  and  i^ice  vervtL  Hence,  the  sticky  blood-current  experience*  greater  resist- 
ance than  water  or  ether. 
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Heat  diniinisliea  the  cobeaion  of  tlic  particles,  hence  it  also  dirainislies  tho  resiijtance  to  the 
onrto\v.  These  rcsiatarnea  ate  first  devflojiciJ  lay,  and  result  fri>m,  the  movement  of  the  pnrtklea 
ol'  the  fluid,  they  being,  as  it  were,  torn  from  earli  other.  The  tiwrt  rapid  the  currnd,  therefore, 
£.<?.,  the  larger  the  number  of  particles  of  lluid  which  are  juilk'd  fismider  in  the  unit  of  time,  the 
preai^T  wili  be  th-  aum  of'  thf  rrsislance.  An  the  layer  of  lluid  lying  next  the  tubes,  and  moisten- 
ing it,  is  at  rest,  the  niateriiil  which  composeij  tlie  tub*;  excrta  no  iiiilueuee  on  the  resistance, 

Tubeaof  UnequftlBiamoter.— When  the  velocity  i>f  the  current  i«  uniform,  th«  resistance 
depends  Ufjon  the  diameter  of  the  tube — the  smaller  the  dinniettT  the  greater  the  resistance, 
the  greater  the  diameter  the  less  the  resistanc**.  The  resistance  in  naiTow  toli^s,  however, 
increases  more  rapidly  than  the  diameter  of  the  tube  decreases,  as  has  been  proved  ex]x?ri- 
luentally.  In  tube^  of  unequal  cAlibre,  at  dilFereiit  jtarts  of  their  course,  the  VLdocity  ot  the 
current  varies — it  is  slower  in  tliie  wide  part  of  tlie  tube  and  more  mpid  in  the  narrow  parts. 
As  a  general  rule,  in  tubes*  of  unei|ual  diameter  the  velocity  of  the  enixent  is  inversely  pro- 
jMsrtional  to  the  diameter  of  the  eorrca|>onding  section  of  the  tube  ;  i.r.,  if  the  tub*  be 
cylindrical,  it  is  inversely  |*roportional  to  the  S!|uaro  of  the  diameter  of  the  circular  trans vei"»e 
section,  lu  tube^i  of  uniform  diameter,  the  projielling  force  of  the  moving  fluid  diminishe» 
iini/tfrmly  from  [loint  to  point,  but  iu  tubes  of  inicqiatl  calibre  it  does  not  diminish  uni/vrtnl}/. 
As  the  reiiistance  is  greater  in  narrow  tube,-?,  of  course  the  |»ropelUng  force  must  diminish  more 
rapidly  in  them  than  in  wide  tubes.  Hence,  within  the  wide  parts  of  the  tube  the  ]nesaure  is 
greater  than  the  sum  of  the  resistances  still  to  be  overcome,  while  in  the  narrow  portions  it  is 
less  than  these. 

ToitaoeitieB  and  bending  of  the  veaselB  add  new  resistance,  and  the  fluid  presses  more 
strongly  ou  the  convex  side  than  on  the  concave  side  of  the  bend,  and  there  the  resistance  to 
the  flow  is  giieater  than  on  the  concave  side. 

Diviaion  of  a  tube  into  two  or  more  branches  is  a  .source  of  reaiatance,  and  diniinishes  the 
j>roi>elling  power.  When  a  tube  divides  into  two  smaller  tube«,  of  eoQfse  some  of  the  iMrticlea 
of  the  fluid  are  retarded,  while  others  are  accelerated  on  account  of  the  unequal  velocitiee  of 
the  dith^reut  layers  of  the  fluid.  Many  particles  which  had  the  greatest  velocity  in  the  axial 
layer  come  to  lie  more  towarfls  the  side  of  the  tube  where  they  move  more  slowly  ;  antl  con- 
versely matiy  of  those  lying  in  tlie  outei  layers  reach  the  cuntre,  where  they  move  more 
rapidly.  HeuLe,  some  of  the  propelling  force  is  used  ui>  in  this  process,  and  the  pulling 
asunder  of  the  inartiL'les  where  the  tube  divides  act*  in  a  similar  mauner.  If  two  tubes  join 
to  form  oHf  tulH%  new  reiiistance  is  theinjby  caui^ed,  which  mnnt  diminish  the  iiropelling  force. 
The  sum  of  the  mean  velocities  in  both  branches  is  iodcjaeudent  of  the  anirk  at  which  the 
iiivision  takes  place  {Jnmbsim).  If  a  branch  be  oi>eneil  from  a  tube,  the  ]irincipal  cuiTcut  ih 
accelerated  to  a  considerable  extent,  no  matter  at  what  angle  the  bmnch  may  be  given  ofl". 

63.  FLOW  Di  CAPILLAEY  TUBEB.-^Poiseuille  proved  exi^eriment^Uy  that  the  flow  in 
the  capillaries  is  subject  to  special  coiulitions— 

(1)  The  ipiantity  of  tluid  whitih  flows  out  of  the  same  capillary  tube  is  proportional  to  the 
pressure. 

(2)  The  time  necessary  for  a  given  «|Uantity  of  fluid  tu  flow  out  (with  the  like  presanio, 
diameter  of  tube  and  temperalure),  is  proportional  to  the  length  of  the  tubes. 

(3)  The  product  of  the  outflow  (other  things  Wing  equal)  iu  as  the  fonrth  power  of  tho 
diameter, 

(4)  The  velocity  of  the  current  is  proportional  to  the  pressure  and  to  the  square  of  the 
diameter,  and  inversely  nroporlioual  to  the  length  of  the  tulw. 

(5)  The  resistance  in  tnc  ca|HlIuries  is  proportional  to  the  velocity  cd"  the  current. 

ei.  FLOW  IN  ELASTIC  TTFBES,— (1)  When  an  uninterrvqded  }inifonn  current  flows  thTOUgh 
an  elastic  tube,  it  follows  exactly  the  muu  laifn  as  if  the  tul»e  had  rttjid  imih.  If  the  propel- 
ling power  increa.'^e.s  or  diminishes,  the  elastic  tulies  become  wider  or  narrower,  and  they  behave, 
as  far  as  the  movement  of  the  thud  is  concerned,  as  wider  or  narrower  rigid  tubes.  Haniel 
hi^  shown  that  elastic  tul>es  tranniniit  more  lluid  when  they  undergo  a  I'ljythmical  pulsatory 
movement  than  when  the  fluid  flows  into  them  under  coustiint  pressure.  The  advantage  of 
rhythmical  impulses  for  the  onward  flow  in  relation  to  a  fluid  in  motion,  as  compared  with 
a  continuous  uniform  pressure,  seems  to  be  due  to  the  alLernate  movement  keeping  the 
elasticity  of  the  arterial  walls  intact. 

(2)  wave -Motion.  —  If,  however,  more  fluid  be  fovced  in  jerks  into  an  elastic  tube,  i.e.,  itt' 
terrupitdltjt  the  hrst  jiart  of  tho  tube  dilatea  suddenly^  corresponding  to  the  quantity  of  fluid 
propeUed  iuto  it.  The  jerk  commimU^teB  nu  mtUl^dars/  movement  to  the  partichs  of  the  Huid, 
which  is  communicated  to  all  the  fluid  particles  from  the  beginning  to  the  end  of  the  tube  ;  a 
poitiiim  waw  is  tktfs  ntpidbt  propa^jatrd  throinjhffut  Ih*'  irhftk  kmjth  qf  the  tuhc.  If  we  imagine 
tho  elastic  tuf>e  to  be  closctl  at  its  peripheral  end,  the  positive  wave  will  be  reflected  from  the 
point  of  occlusion,  and  it  may  be  propagated  to  and  fro  through  the  tube  until  it  finally  dis- 
appears, lu  such  a  closed  lube  a  sudden  jet  of  fluid  produces  only  a  iPave-movrmeM^  i.c, 
only  a  vibratory  movement,  or  an  alteration  in  the  shape  of  the  liquid,  there  lieing  no  actual 
translation  of  the  jiarticles  along  the  tube. 
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(8)  Ifp  however,  fluid  be  jmmpod  interruptedly  or  by  jerka  into  an  elnstic  tube  filled  with 
fluid,  iu  wbidi  there  in  already  a  continuous  current,  tbe  movemenl  of  the  current  is  combined 
with  the  wavt*  movement.  We  must  carefully  distinguish  the  mijvtment  of  tht:  currtnt  of  tli£ 
fiuidf  i.e.f  the  traiiabtion  of  a  mans  of  fluid  through  the  tube,  from  the  wai:e- movefiunty  the 
oscillatory  movement,  or  movement  of  change  of  form  in  the  €f»iiimn  of  Huid.  In  the  former 
the  jjartif-'les  are  aclvudly  translated,  while  in  tbe  latter  they  merely  vibrate.  The  current  in 
eltHtJc  tubes  is  slower  than  the  wave-movement,  which  im  iiropa^ated  with  great  rapidity.  This 
last  caae  obtains  in  the  arterial  system.  The  blood  in  the  arteries  is  already  in  a  state  of  con- 
tinual movement,  directed  from  the  aorta  to  the  capillaries  ;  by  means  of  tbe  systole  of  the  left 
ventricle  a  (juanttty  of  fluid  is  suddenly  pumpetl  into  the  aorta,  and  eauaos  a  positive  watr,  the 
pulse  wave  whiL-b  is  propagated  witb  great  rapidity  to  the  terminations  of  the  arteries,  while 
the  (Mir rent  nf  tbe  blood  itself  moves  much  moi'e  slowly* 

Eigidand  Elaatic  Ttibfifl.— If  a  quantity  of  fluid  be  forced  into  a  ri^id  tultc  under  a  certain 
pressure,  the  same  c|uantity  of  fluid  will  flow  out  iit  onee  at  the  other  end  of  the  tul»e,  provided 
there  l>e  no  speeinl  resistance,  hi  nn  dastkiHhc^  immediately  after  the  forcing  lu  of  a  quantity 
oftlutd,  at  tirnt  only  a  small  fjuantity  flows  out,  find  the  remainder  flows  out  only  after  the 
propelling  force  has  ceased  to  act.  If  an  equal  (juantity  of  fluid  bo  periodically  injected  into 
a  rigid  tube,  with  each  jerk  an  equal  quantity  b  forced  out  at  the  other  end  of  the  tube,  and 
the  tiutf!o\v  lasts  exactly  as  long  as  the  Jerk  or  the  contraction,  and  the  pause  between  two 
fujiiodn  of  outflow  is  exactly  the  same  aa  between  tbe  two  jerks  or  contractions.  In  an 
elaatic  tube  it  i«  ditferent,  as  the  outflow  continues  for  a  time  after  the  jerk;  hence  it 
follows  that  a  continuous  outflow  current  will  be  produced  in  elastic  tube.^,  when  the  time 
bi'tweou  two  jerks  is  made  shorter  than  the  duration  of  the  outflow  after  the  jerk  bus  been 
completed.  When  fluid  is  pumped  penodiually  into  rigid  tubes,  it  causes  a  sharp  abrupt  out- 
flow synchronous  witb  the  inflow,  and  the  outflow  lieuornes  continuous  only  when  the  inflow 
is  continuous  and  uninterrupted.  In  eloittic  tubes,  an  intermittent  current  under  the  above 
conditions  causes  a  eoutinuotis  outlkiw,  whii-h  is  increased  with  the  systole  or  contraction. 

65.  STEUCTURE  AITD  PEOPEETIES  OF  THE  BLOOD-VESSELS.^ In  the 

bcdy  th©  large  vessels  carry  Uie  blcnxl  to  ami  froiii  tho.  various  tis.^ii«^.s  and  orj^faiis, 

while  the  tliin-WAlkil  cnpilluries  bring  tin*  blootl 
into  intiinnU^  relation  with  l\w  tissues.  Tliroiigh 
tbe  excessively  thin  walbi  of  the  capillaries  the 
titiid  finrt  of  the  blootl  transudes,  to  iioitrtsli  the 
tiasiies  outride  the  ca|dllarieH,  s;o  that  the  eapillaiT 
wall  ia  perniealde  ti»  fluids  uniJ  gase.^  ami,  we  shall 
see,  also  to  the  red  and  wliiti^  eorpiiseles  of  tbe 
Idotxl.  [At  the  sanu>  time  fluids  pju<^  from  the 
tissues  into  the  blootl.  Thus,  there  is  an  excliange 
between  the  blofnl  and  the  tlunln  of  the  tissues. 
The  fluid  lifter  it  pjisHes  into  tbe  tissues  consti- 
tutes tbe  lymph,  find  aets  like  a  strtuim  irrujai- 
intj  tln^  tissue  elements.] 

I.  The  arteries  are  distiuguislKHl  from  veins 
by  their  thicker  waihy  due  to  the  greater  develop- 
ment of  smooth  museubxr  and  ehistie  tissues — 
tbe  mid^lle  eoat  (tunica  media)  of  tlie  arteries  is 
speeially  tliiek,  while  the  outer  eoat  (t.  adventitia) 
is  relatively  tbin.  [When  cut  across,  the  walls 
do  not  eollajise,  as  is  the  e^ise  with  the  thin-w  ailed 
veins.  The  al»senee  of  valves  is  hy  no  means  a 
charaet^-'ristie  feature. ] 

A  typical  artery  cousi^stji  of  three  coftta  (figs.  79,  SO). 
(1)  The  tunica  intima,  or  inner  coat,  consists  of  a  layer 
of  (a)  ineKuhir,  long,  fusiforni,  nucleated,  »i]uauiou«  cells 
fonuing  tlie  excessively  thin  traniipareni  endothelium  im^ 
mediately  in  contact  with  the  blood-strcttni.  [Like  other 
endothelia!  cells,  these  cells  are  lield  together  by  a  cenieot 
suhafance,  whlth  is  blackened  by  the  action  of  silver 
nitrate  and  Huhscqui'nt  exposute  to  light,]  OutHide  this 
lies  «  very  thin,  niuie  or  less  fibrous,  layer — iub-cpithelial  layer— in  whith  numerous  spindle  or 


Fig,  79. 

Coatii  of  a  small  urtory,  a,  endothe- 
Hum  ;  bt  internal  elastic  latntnn  ; 
e,  circular  niu»rular  tibres*  of  the 
middle  coat  ■  rf,  the  outer  coat. 
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branched  protoplasmit*  cells  lie  enilnxlded  witbin  a  torre*i)Oiidirig  S3"8teni  of  iduflma  canilH. 
Oiatxide  thin  is  an  elastic  Immaa  (^),  basenieDt  inumbrane,  or  niembmua  propria^  which  in  tl»e 
siruillatt  arUrvs  is  a  s!tmt!turelc?ss  or  fibroUM  tilnstio  meuilirano — in  tkvteneB  of  wfdium  .tiV  it  is 
■  fenestrated  uienibraia"  {IfeHf*')^  wliile  in  the  hirgrsl  nrtt^riea  theT«  may  be  aevt^ml  layers  of 
elastic  lamintf?  or  r*?nestr«ted  elastic  membrane  mixed  with  tonnet'tive  tissue.  [In  some  arteries 
the  elastic  membrane  is  distinctly  fibrous,  the  fibre ij  being  chiefly  arraoged  longitudinally.  It 
can  btj  8tripi*d  off»  when  it  forms  a  brittle  elastic  membrane,  which  ha«  a  great  tendency  to  curl 
up  nt  iU  margins.  In  a  transverse  section  of  a  middle -si  zed  empty  arteiy  it  appears  as  a  bright 
wary  line,  bvit  the  eurve;^  are  produ^'ed  by  the  partial  coilajise  of  the  v-esscl  It  fornrsi  an 
iniportant  guidi*  to  the  pathologist,  in  enabling  blm  to  detenoiiie  whirb  coat  of  the  arterj- 
is  dieeased.  J  In  middle-aiied  and  large  arleriea  a  few  non-striped  tnuacnbr  fibres  are  disposed 
longiludinally  between  the  elastic  [dates  or  laminse.  Along  with  the  circular  mnsenkr  fibres 
of  the  middle  ooat,  they  may  act  so  as  to  narrow  the  arteryi  and  they  may  also  aid  in  keeping 
the  lumen  of  the  vessel  open  and  of  niufoim  calibre, 

(2)  The  timica  media,  or  middle  coat,  contains  mueh  non-9tn|)ed  muscle  (c),  which  111  tha 
wmallcst  arleries,   sometimes  called   artcrio/cSf    consists  of   tranarersely    disposed   non-striped 
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Fig,  80, 

TTanaverve  section  of  a  small  artery,  vein,  and  nerve.  A»  artery;  ft,  its  endothelium  ;  ft,  elastic 
latnina  ;  e*  muscular  coatt  with  ib*  ixwl-iibaped  nuclei  ;  d,  adveiititia.  V,  vein;  «,  its  endo- 
thelinm;  bj  thin  elastic  bimitia;  r,  thin  muscular  coat;  d,  adventitia ;  /,  fat  N,  traiia- 
verae  aectiou  of  a  nerve. 

miucular  Abrea  lying  between  the  eudotbulliim  and  the  T*  idventitk^  while  a  finely  granular 
tisDe  with  fpw  elastic  hbres  forms  the  bond  of  union  between  them.  As  we  proceed  from  the  very 
•smallest  to  the  small  arterie*,  the  number  ormoscuhir  iibies  be  come  ao  great  aa  to  form  a  well- 
markcid  6bn>iifl  tube  of  non-atriped  mii^ole.  in  which  there  is  cc^npanittvely  little  eonnective* 
ktMOc  In  thit  lat^  arteries  the  limount  of  connective-tissue  is  considcmbly  increaae^l,  aud  be- 
tween the  layers  of  fine  connective  tissue  nunieroiis  fas  mnny  as  50)  thick,  elastic  llbrous  or 
fenestmted  biminic  are  concentrically  arranged.  A  few  iion-stripeii  fibres  lie  scattered  amongist 
thrte,  and  some  of  them  are  arranged  transversely,  wliile  a  few  have  an  oblique  or  longitudinal 
direction. 

The  firs^t  part  of  the  aorta  and  pulmonary  artery,  and  the  retinal  arteiiea,  aie  devoid  of 
moacle.  The  descending  aorta,  com m on  iliac,  and  popliteal  have  longitudinal  tibrea  between 
the  transverse  ones.  Lonj^itudinal  buiulles  lying  inside  the  media  occur  in  the  renal,  upleiiic, 
and  interoal  ajiernitatii:  arteiics.  Longitudinal  bumlles  occur  both  on  the  outer  and  inner 
airfaces  of  the  umbilical  arteries,  which  are  very  muscular. 

(3)  The  tunica  adyentitia,  or  outer  coat,  in  the  sm^lhst  arteries  consists  of  n  stmcturele^ 
triembrane  with  a  few  ctmnective-tiswuc  corpuscles  attached  to  it  ;  in  mmcwhat  larger  arteries 
there  bt  a  layer  of  fine  fibrous  ela^itic  tissue  mixed  with  bu miles  of  tibrilJar  conucctive'tissue  {d). 
Id  arteries  of  middh  sizCj  and  in  the  largest  arteries,  the  chief  mass  coriifists  of  bundles  of 
fibrillar  connective -tissue  containing  connective*tisiiUe  corpusLles,  The  bundles  cross  each  other 
in  a  variety  of  directions^  atid  fat  cells  often  lie  hot  ween  them.  Kext  the  media  there  are 
oumerou.s  fibrous  or  fenestrateil  elastic  lamellte.  In  raetiium -sized  and  small  arteries  the 
elastic  tissue  next  the  media  takes  the  form  of  an  independent  elastic  membrane  (Heule's 
extentat  elaslic  membrane).  Bundles  of  no n.strii>ed  muscle,  aiTanged  longitudinally,  occur  iu 
the  adventitia  of  the  arteries  of  the  penis,  andiu  the  renal,  splenic,  spernatic,  iliac,  hypogaslnc, 
ind  superior  mesenteric  nrtertej^. 
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[The   following  tabular  atatement  may  facilitate   the  study   <^f   tlie  arterial 
coata. 

Uedium  Artery. 

j    (a)  EiitlotliL^iuiiL 

-     (bj   tSuli-tTRlutlieliid  liiyer. 

(     (c)   Elu.stie  lamina. 

j    Cnnjposeil  of  layers;  of  smooth  uiii^ciilar  fibrt?8  tliapoaevl 
I'imilarly,  ami  scattf^retl  amongst  the^<»  tiiere  are  some- 
t        times  eloi^tic  iibrt's. 

i    Comporfpil  of  connot'tive-tissiie,  t.^.,  white  tibrous  tisi^iK^ 
mixed  with  eliustic  fibres,  the  lattei  more  abundant  at 
(         the  inner  jiart  of  tlie  coat.] 


Tunica  intima 
{Inner  coat). 

Tunica  media 
{Middle  coat). 

Tunica  adventitia 
(Ouier  roaty 


II.  The  capiUftrlea  {tig,  81),  while  retaining  tlieiriHanater,  t^hhU  ami  rcmiite  so  as  to  form  net- 
works^ wbose  shaiie  mjd  arrangement  dilVer  considerably  ia  different  tissues.  As  to  their  size^ 
the  diaaiettT  of  tlie  cA|dllaric3  varies  co aside inbly,  bat  jks  a  geaernl  ride  it  is  such  as  to  admit 


freelv  a  sinKiti  row  of  blood-corpnscles.     In  th 
and  la  boae-marrow,  liver,  and  elioroid  10-20  ft. 


retina  aial  the  iiiuseles  the  ilmmeter  is  5-il^ 
[la  tlie  lungs  the  capillaries  are  rather  wi<Ur 
tban  elftewhered  The  tubea  coaftist  of  a 
single  layer  of  transparent,  excessively 
thin,  nucleatetl  cniiothelial  cells  joined  to 
each  other  by  their  margins.  [Each  cell 
consists  of  a  flattened  nucleated  pUte,  for 
the  most  pnrt  converted  into  a  transparent 
material.  In  capillaries  the  nuclei  project 
Hliglitly  and  nlternately  into  the  lumen 
of  thii  vessel  The  nuclei  contain  a  well- 
marked  intra-nvicloar  plexus  of  fibrils,  like 
other  nuclei-]  The  cells  are  more  fusifotm 
in  the  smaller  capillaries  and  more  poly- 
gonal ia  the  larger.  The  body  of  the  cells 
presents  the  characters  of  very  faintly 
refmctivc  protojilasm,  bat  it  is  doubtful 
whether  the  boily  of  the  cell  is  endowed 
with  the  property  of  cou tract ility  (pv 
110). 

If  a  "lilnte  solntioa  (j  ]>er  cent)  of 
silver  nitrate  be  iajected  int^  the  blood- 
vessels, tile  cement  substance  of  the  endo- 
iheliiim  [and  of  the  nntscidar  libres  na 
well]  is  ix'vealixl  by  tlie  ]>reiieae«  of  Ibe 
black  "silver  Enee.'*  The  blackened 
cement  salts ti ace  shows  little  specks  and 
large  black  slits  at  differeat  points.  It  ia 
not  cerluin  whether  tbese  are  actual  holea 
til  rough  which  lolourlcsa  cor^iuscles  may 
Ijass  out  of  the  vejutela,  or  a.re  merely  lar^jer  accumulations  of  the  cementsuhMlaace.  [If  a 
capillary  ia  examined  in  a  perfectly  fresh  condition  (while  living)  and  witlioat  the  addition  of 
any  reagent,  it  is  impossible  to  make  oat  any  line  of  deaiarcntiou  between  adjacent  celhi  owing 
to  the  uniforaj  refractive  index  of  the  entire  wall  of  the  tuhc.  J 

[Arnold  called  these  small  areas  in  the  hlnck  silver  liaesi  when  they  are  large  atomata,  and 
wiiea  sifiall  Btigiiia,ta.  They  are  most  nunieroas  after  venous,  congestion,  and  after  the  dis- 
turbance}* which  follow  iatlamniation  of  a  part.  They  are  not  always  present.  The  existence 
of  cement-substance  between  the  cells  may  also  be  inferretl  from  the  fact  that  indigo  sulphate 
of  soda  is  deposited  ia  it  {Tkmna)^  ond  iwirticle^  of  eiimubar  and  China  ink  are  lixed  in  it,  when 
these  substances  are  injected  into  the  Idood  {Fm}.] 

Fine  anoatomosiag  tibrils  derived  from  noa-aii'duUated  nerve*  terminate  in  small  end-buds 
in  relation  with  the  capillary  wall ;  gaaglia  in  connection  with  the  nerves  of  capillatiea  occar 
only  in  the  region  of  the  Hymjjathetic, 

*f  ho  small  vessels  next  in  stie  to  the  capillaries,  and  coatiiiuous  with  Ihem,  have  a  completely 
structure leiis  covering  in  addition  to  the  endothelium. 


Capillaries.  The  outlines  of  the  nticlcated  eudo- 
tlietial  cells  with  the  cement  blackened  by  the 
action  of  silver  nitrate. 
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III.  The  veins  are  genemlly  (Ustinguislied  from  tlio  arteri€\s  by  their  lumen 
being  tviffer  tlmii  tlie  lumen  of  the  correspomling  art^-rie.s ;  their  traJh  are  thinner 
on  ut!comit  of  iho  small^M*  iimomit  of  iiou-8triped  niuj^ek'  and  elastic  ti.sjiue  (the  non- 
striped  muscle  is  imt  niifre([uently  arranged  longitndimilly  in  veins).     [The  walls 
contain  relatively  much  more  white  iihrous  auil  k^s-s  elastic  tissue,]     They  are  also 
more  extetii^ife  (with  the  siune  strain).     The 
adventitia  is  usiially  the  thickest  coat.     The 
occurrence  t'f  valves  is  limited  to  the  veins 
of  certain  area**  (t^^^  82,  A).     [IMien  empty 
and  cut  across,  their  walls  collap.'^e*] 

8tractare.— (1)  The  Tanica  intima  coiit^istM  of  n 
layer  of  ahoihr  iwiA  hnHuixi-  endothelial  cellSf  andtr 
which  in  the  Hinallost  vyiu^  there  is  a  strut* tiirelesji 
elastic  inenibranc,  Bub-epithelial  layer,  which  is 
iibroaa  ia  veins  soiaewh.it  larger  in  fiize,  but  ia  all 
citiies  is  thinner  titan  in  the  iiiti'tiLa.  [It  ea.n 
flcnrcely  be  euUi'U  a  lamina.  It  is  rather  an  elastic 
bflMisi,  compoaed  of  a  felted  network  of  elastic  and 
white  fibre^d  In  large  veins  it  nmy  assume  the 
cbaracberH  of  a  feneat rated  aienibrdne,  which  IB 
double  in  floaie  jtarts  of  the  cniral  and  iliac  veins. 
Isolated  innsealar  fibres  exist  ia  the  intima  of  th^- 
femoral  ami  popliteal  veins. 

(2)  The  T.  media  oF  the  lar^'cr  veins  {Consists  of 
aheraat«  layers  of  elastic  and  ntinsenlar  tiHAut^ 
united  to  each  other  by  a  considerable  aiaoant  «tf 
con uKOtive- tissue*  hat  this  coal  is  ahvays  thinner 
than  io  the  covresiwiiding  aitenen.  This  eoat 
diminishes  in  the  following  order  iu  the  folltivving 
ve^seb: — popliteal,  ve^iiis  of  the  lower  extryniity, 
veins  of  the  apper  extremity;  superior  mesenteric, 
other  abdominal  veins,  hejMitie,  ptilnionary,  and 
coronary  veina.  The  foUowinf?  veins  eoalain  no 
niuacle  :— veins  of  Iwne,  eentral  nervous  system 
aad  its  meaibraneH,  retina,  the  superior  cava,  with 
the  large  trauks  that  open  into  it,  the  upper  part 
of  the  inferior  cava.  Of  coarse,  ia  these  eafe-s  the 
medici  is  very  thin.  I  a  the  smallest  veins  the 
media  is  fonued  of  Jine  connective-liasue,  with  very 
few  ranscular  fibres  seattered  in  the  inner  iiart. 

(3)  The  T.  adventitia  is  thicker  than  that  of 
the  cor resjjon ding  arteries  ;  it  contains  mu^h  con- 
necHve-Hnsue,  usually  arranged  Vojigitudinally,  and 
not  macli  elastic  tissae.  Ltingituilinally  arranged 
minnnttitr  Jibrat  occnr  in  some  veins  (renal,  portal, 
inferior  cava  near  the  liver,  veins  of  the  lower  ex- 
tremities). The  valvea  consist  of  line  tihrilliir 
connective-tisaue  with  branched  cells.  Aa  ehistic 
network  exiats  oa  their  convex  surface,  and  both 

surfaces  are  covered  by  endothelium.  The  valves  contain  many  rauscalar  fibres  (fig.  82). 
[Ranvier  has  shown  that  the  shape  ot  the  epithelial  cells  on  the  side  over  which  the  blood 
paints  are  more  elongated  than  oa  the  cardiac  side  of  the  valve,  where  the  loQg  axes  of  the  oelll 
are  placed  traasverselyd 

The  Binusee  of  the  dura  aiater  are  apaces  covered  with  endothelium.  The  »pawa  are  cither 
duplicutures  of  the  membrane,  or  channels  ia  the  substance  of  the  tissue  itself. 

CavenioiiB  spaces  we  may  luia^ino  to  arise  by  numeroas  divisioas  and  anastomoses  of  tolerably 
large  veins  of  aia-(|aal  calibie.  The  vctscalar  wall  appears  to  be  much  perforated  and  like  a 
s|KJnge,  the  internal  sjjace  being  traversed  by  threads  and  stn>nds  of  tissue ^  which  are  covered 
with  eadotbelinm  on  their  surfaces,  that  are  in  contact  with  the  blood.  The  suiToandiag  wall 
consists  of  connective- tis8ae»  which  is  often  vcrj'  tough^  as  in  the  corpas  c^vernosam,  and  it 
not  uufreqaeiitly  Cfaituitia  non-strij>e(i  aiuiiele. 

Caveraoas  formationa  of  an  analngoas  nature  on  artfrits  are  the  carotid  gland  of  the  frog, 
and  a  similivr  slracturc  oa  the  pahnonary  arteries  and  aorta  of  the  turtle,  and  the  coccygeal  gland 
of  man.     The  last  structure  is  richly  suj>plied  with  sympathetic  nerve -libres,  aad  is  a  coo  vol  a  ted 


Fig.  82. 

A,  valves  in  the  saphena  vein.  B,  IjOagi- 
tudinal  sectioa  of  a  vein  at  the  level  of  a 
valve,  a,  hyaline  layer  of  the  internal 
eoat  ;  b,  elastic  laaiina ;  c,  groups  of 
smooth  niUAcnlaT  fibres  divided  traDs- 
versely  ;  d,  loagitudiaal  mascakr  fibres 
in  the  adventitia. 
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masa  of  ampullatetl  or  fusiform  diliitatiotiB  of  the  middlo  sacral  artery,  surroundLd  aud  ihit- 
meated  by  n  on -striped  muscle. 
TaM  vftBorttDi. — [Theao  are  small  vesi}«Is  whicli  noiiriah  the  coata  of  tbe  arteries  and  veins. 


They  arise  from  one  part  of  a  vessel  and  entor  the  walls  of  the  same,  or  another  vessel  at  a 
lower  level.  They  break  np  cliinfiy  in  the  outer  mat,  and  none  enter  the  inner  coat]  In 
structure  tliey  resemble  other  small  blood-vessels.  The  blood  circulating  in  the  arterial  or 
venous  wall  is  returned  by  ainall  veina. 

[Lymphatics. —There  are  no  lymphatics  on  tbe  inner  surface  of  the  muscular  eoat,  or  undef 
the  intima  in  large  artenes.  They  &tq  uunieroua  in  a  gelatinous  layer  immediattdy  outside  the 
muscular  coatj  and  the  same  relation  obtains  in  large  museukr  veins  and  lyniphatii:  trunks 
{ffogfjanl] 

Intercellular  B!ood-Ghannehi,^lntereEllnlar  blood -channels  of  narrow  calibre,  and  without 
walls,  occjui  in  the  granulation  tissue  of  healing  wounds.  At  firat  blood-plasma  alone  is  found 
between  the  formative  cells,  but  afterwards  Ibo  blooibcurrent  forces  blood -corpuscles  through 
the  channels.  The  first  blood-vessels  in  the  developing  chick  are  formed  in  a  similar  way  from 
the  foninitive  cells  of  tbe  mesoblast. 

Properties  of  the  Blood-Teasels.— Tin?  hirger  blocMl-veijaels  are  cjliiKJrical  tub^ 
with  relatively  sUmi  wall 8  composed  of  tioveral  layers  of  various  tissues,  more 
es]>eeiaUy  elmtie  tissue  and  smtjijfh  nm^tmlar  Jih^es^  and  the  whole  is  lined  by  a 
8Uiooth  [)olisbrd  layer  of  endothelium.  One  of  the  most  imporUmt  properties  is 
the  contraotility  of  the  vascular  wall,  in  virtue  of  which  t!ie  calibre  of  the  vessel 
can  he  varied,  and  therefore  the  supply  of  blood  to  a  part  is  altered*  The  con- 
tractility  is  dtie  t<>  the  plain  museidar  tibres,  wldch  are,  for  the  most  i^wirt,  arnmged 
eireulaHy,  It  is  most  marked  in  the  «mall  arteries,  and  of  course  ia  absent  where 
no  muscular  tissue  cMxnirs.  The  amount  and  intensity  of  the  contraction  dcjiend 
upon  tlie  <levelopment  of  tlie  niuscular  tissue  ;  in  fact,  the  two  go  hand  in  hand. 
[If  an  art-ery  be  exi^isiHl  in  the  living  body  it  soon  eontmcts  under  the  stimidus 
of  the  atiuosphert'  acting  ujKin  the  Jiuiseiilar  tibres.  It  may  also  be  madi^  to  contract 
by  the  api>lication  of  an  eh^ctrical  current,  or  njeehanieal  stimuli,  and  in  the  intiict 
body  tbe  vasomotor  nerves  govern  the  muscular  libre^J  The  contraction  ttikes 
place  slowly,  lasts  a  long  time,  and  has  a  long  latent  period  like  smooth  muscle 
geneniUy, 

[Action  of  Drnga  on  the  T&aciilar  System, —Gaskeli  finds  that  a  very  dilute  solution  of  lactic 
mdd.  (1  :  10^0(90  parU  of  saline  solution)^  passed  through  the  blood -veaaelji  of  a  frog,  alv/ays 
onlargea  the  calibre  of  tbe  blood -vesst? Is,  while  an  alkaline  solution  Q  mrl  sodium  hydrate  to 
10,0<W  saline  solution)  always  diminishes  their  size,  usually  to  absolute  closure,  and  indeed  the 
artificial  constriction  of  the  blootl- vessels  may  be  almost  complete.  These  Huids  are  antagonistic 
to  each  other  aa  far  as  regards  their  action  on  the  calibre  of  the  arteiies.  Dilute  alkaline 
solutions  act  on  the  heut  in  the  same  way.  After  a  series  of  beata  the  ventricle  stops  hen  ting, 
the  standstill  being  in  a  state  of  coutmclion.  Very  dilute  lactic  acid  causes  the  ventricle  to 
stand  still  in  tbe  j^base  of  comtdotij  relaxation.  The  acid  and  alkaline  saline  solutions  are 
antagonistic  in  their  action  on  tne  ventricle.  Cash  and  Briinton  find  that  dilute  acids  have 
a  tendency  to  increase  the  transudation  through  the  vessels  and  produce  (jtikmn  of  the  surround- 
ing tissues.  They  also  ohser^'ed  that  barium,  calcium,  atrontium,  copper^  iron,  and  tin  produce 
contraction  of  the  blood-vessels  when  solutions  of  their  salts  are  driven  through  tbem,  white 
the  same  effect  is  produced  by  very  dilute  solutions  of  potaaaium.  Nicotiu,  atropin,  and 
chloral  differ  in  their  action  according  to  tbe  dose.  In  these  experiments  the  effect  was  ascer- 
tained by  the  amount  of  fluid  which  flowed  out  of  the  vessels  in  a  given  timed  'f  blood 
containing  certain  drugs  be  [>erfiised  tbrougli  the  blood  vessels  of  a  freshly  excised  organ,  the 
hlood-vesaels  are  dilated  ;  c.y.,  by  amyl  nitrite^  chloral  hydrate,  raorpbia,  CO,  (araklehyde, 
kairin,  quinine,  atropin^^  ferricyanide  of  potassium  (urea  and  sodic  chloride  in  the  renal  vessela), 
^they  are  contracted  by  digitaljn,  veratria,  bellebonn  {Kifh<Tt}.  Heat  causes  con  traction  of  the 
blood-vessels  of  the  frog's  mesentery  (Gartner),  According  to  Boy  the  blood- vea^la  ahorten 
when  heated. 

That  the  capillaries  undergo  expansion  and  contraction,  owing  to  variations  in 
the  size  of  the  protoplasmic  elements  of  their  walls,  must  be  admitttnl, 

Strieker  has  described  cupillariea  as  "protoplasm  in  ttibea,"  and  observed  that  in  the  tad- 
pole  they  exhibited  movements  when  stimulated.  tJoIubew  describfd  an  active  state  of  contrac- 
tion of  the  capillary  wall,  but  be  regarded  the  nuclei  as  tbe  partn  whitb  undirwcut  change, 
Ronget  observed  the  same  result  in  the  capillaries  of  new-born  mammals.  Tarchauolf  found  that 
meehaoical  or  electrical  stimulation  caused  a  change  in  the  shai^e  and  size  of  tbe  nuclei,  so  that 
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lie  regaixl«  these  aa  the  actively  contractile  prirt^.  [Severini  alao  attaches  great  impoi-tance  to 
the  contractility  of  the  capillariea,  aod  e^tpecially  of  their  nuclei,  as  iuflueucingthe  hlood-Atreara. 
Oxygen  acta  on  the  iiucli n  of  the  capillary  wall  (nicmbraim  nictitana  of  frog)  and  <^auseii  them 
to  swt'lL  while  CO^  ha,s  an  opposite  etfect.  The  circulatian  through  a  Imig  suddenly  filled  with 
0  or  atmofiphuTic  nir  is  at  first  very  rapid,  but  it  soou  diminishes^  while  with  CO^  the  circula- 
tion leimainii  conntant]  As  the  capillaries  are  excpsaively  thin,  soft,  and  delicate,  it  is  ohviouj* 
that  the  form  of  the  individual  eelb  must  depend  to  a  considerable  extent  upon  the  degree  to 
whiclj  the  vessels  are  filled  with  blood.  In  vessels  whicli  are  distended  with  blood  tlie  en- 
dothelial celh  are  Hattened,  hut  wliRii  the  capillaneti  are  collap»ed  they  project  moro  or  leaa 
into  the  lumen  of  the  vessel  {RmmHt.). 

[It  is  well  known  that  the  capillaries  present  preat  vftriations  in  their  diameter  at  different 
time,s.  As  these  variations  are  uanally  accompanied  by  a  corresponding  contraction  or  dilatation 
of  the  arterioles,  it  is  usually  assumed  that  the  variations  In  the  diameter  of  the  capillaries  are 
due  to  dilferences  of  the  pressure  within  the  capilbuies  themselves,  viz,,  to  the  elasticity  of  their 
walls.  Every  one  is  agreefl  that  the  capiUanaa  are  very  ehwiic  and  eitenaile,  hut  the  experi- 
ments of  Roy  and  Graham  Itrowii  show  that  they  are  contractile  as  well  aa  elastic,  and  these 
observers  conckule  that,  under  normal  conditions,  it  is  by  the  contractility  of  the  capillary  wall 
ag  a  whole  that  the  diameter  of  these  vessels  is  changed,  and  to  all  apjM?amnce  their  contra clility 
is  constantly  in  action,  "The  individual  capillaries  (in  all  pi-obability)  contract  or  expand  in 
accordance  with  the  renuiremeiits  of  the  tissues*  through  which  they  pass*  The  regulation  of 
the  vaacular  blood-flow  w  thus  more  complete  than  is  usually  imagined."  It  must  be  mentioned, 
however,  that  some  regard  the  walls  of  the  capillary  as  playing  purely  a  imssive  part  in  the 
TaHations  of  their  calibrci  although  they  admit  that  they  are  contractile  in  young  animals.] 

Physical  Properties  of  Blood-Vesselft^ — Elasticity. — Amongst  the  physical  pro 
perties  of  tiu;  blinnl -^rssols,  elasticity  is  iIil*  most  imi>L>rt^xiit  j  their  elastit'jty  in 
gjjiall  iu  ainount,  i\c\^  ilwy  tdier  little  resist^ince  to  any  forci*  opplicil  U>  them  so  as 
to  tliatend  or  eloiigiite  theui,  hut  it  is  perfect  in  qualiiij^  i.e,^  t\w  blootl-vessok 
rapidly  regain  their  original  sixe  and  form  afk^r  tln^  force  iMstt^nding  tht-m  in  removed. 
[An  artery,  in  virtue  of  itt*  thiek  elastic  walls,  when  empty  or  when  cxii  aero.ss,  does 
not  collapse,  but  remains  open.] 

Acwrding  to  E.  H.  Weber,  Volkmann,  and  Wertheiui*  the  elongation  of  a  blood-vessel  (and 
mm^  tisanes  generally)  is  not  projiortional  to  the  weight  used  to  extend  it,  the  elon^tion  being 
relatively  less  with  a  large  weight  than  with  a  small  one,  so  that  the  curve  of  extension  is  neaily 
[or,  at  least,  bears  a  certain  relation  to]  a  hyperbola.  According  to  Wundt,  we  have  not  ojdy  to 
consider  the  extension  produced  at  ^mt  by  the  weight,  but  also  the  yiibae<juent  '^elaatic 
after-effect,"  which  occuj's  gradually.  Tiie  elongation  which  takes  place  during  the  last  few 
moments  occurs  so  slowly  and  so  gradually  that  it  is  well  to  observe  the  effect  by  means  of  a 
magnifying  Icna,  YariatioDa  from  the  general  law  occur  to  this  extent,  that  if  a  certain  weight 
is  exceeded,  less  extension,  and,  it  may  he,  permanent  elongation  of  the  artery  not  unfrequently 
occur  K.  Bardtddjen  found,  especially  in  veins  elongated  to  40  or  50  per  cent,  of  their  original 
length,  that  when  the  weight  employed  increased  by  an  equal  amount  each  time,  the  elongation 
waa  proportional  to  the  t^juare-root  of  the  weight.  This  is  apart  from  any  elastic  after-effect 
Veins  may  be  extended  to  at  least  60  per  cout  of  their  length  without  passing  the  limit  of  their 
elasticity. 

IRoy  exY^erimented  upon  the  elaatic  properties  of  the  arterial  wall.  A  portion  of  an  artery, 
so  that  it  could  be  distended  by  any  desired  internal  piessuic,  was  enclosed  in  a  small  vessel 
containing  olive  oil  arranged  in  the  same  way  as  in  fig,  72  for  the  heart.  The  variations  of  the 
contents  were  recorded  by  means  of  a  lever  writing  on  a  revolving  cylinder.  The  instrument  is 
termed  a  aphygmotonometer.  The  fwrta  and  otitcr  iarija  art^rks  arc  most  elastic  and  most  dis- 
tensible at  pleasures  corresponding  more  or  lew  exactly  to  their  normal  blood -pressure,  while  in 
wins  the  relation  between  internal  pressure  and  the  cubic  capacity  is  very  different.  In  them 
the  maximum  of  distensibility  occurs  with  pressures  immediately  al>ove  2ero»  SjH^aking 
generally,  the  cul>ic  capacity  of  an  artery  is  greatly  increased  by  raising  the  intraarterial  tension, 
say  from  zero  to  about  the  normnl  internal  pressure  which  the  artery  sustains  during  life.  Thus 
in  the  rahbiJ^  the  capacity  of  the  aorta  \vm  quadruphdhy  raising  the  in tra-arterial  pressure  from 
zero  to  200  mm.  Hg,  while  that  of  the  carotid  was  more  than  six  Hmc^  greater  at  that  pressure 
than  it  was  in  the  undistended  condition.  Tlie  puhnonary  artery  is  distinguished  by  its 
excessive  elaatic  distensibility.  Its  capacity  (rabbit)  was  increased  more  than  twelve  times  on 
raising  the  internal  pressure  from  zero  to  about  36  mm,  Hg.  Veins,  on  the  other  hand,  are 
distinguished  by  the  relatively  small  increase  in  their  cubic  capacity  produced  by  gieatly  raising 
the  internal  pressure,  so  that  the  enormotia  changes  in  the  capacity  of  the  veins  during  life  are 
due  less  to  dilferences  in  tlie  pressure  than  to  the  great  differences  in  the  fpmntihj  of  blood 
which  they  contain.] 

Pathological — Interference  with  the  nutrition  of  an  artery  alters  its  elasticity  [and  that  in 
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cases  where  no  structural  clmngea  c&n  be  founil].  Marasmuet  preceding  death  causes  the  arteries 
to  beconse  wider  than  normal.  Id  some  old  people  they  become  atheromatoUB  and  even 
calcified. 

[The  capillaries  by  the  thinness  and  pernieahiHty  of  their  walls  are  well  adapted  for  the 
exchange  between  the  fltiiiisaud  g&se-s  of  the  blood  which  they  con  tain  ^  and  the  tisaues  lying 
outside  them  ;  white  by  their  extensibility  and  elasticity  they  can  adapt  their  calibre  to  the 
pt^ssure  and  (|Tiaiitity  of  blood  within  them.] 

Ums  of  Elasticity. -—The  elasticity  of  the  arteries  Is  of  the  utmost  importance  in  aiding  the 
conversion  of  the  uiienual  movement  of  the  blood  io  the  large  arteries  into  a  nniform  flow  in  the 
capillaries.  E.  H-  Weber  compurird  the  ebiatic  wall  of  the  arteries  with  the  air  in  the  air* 
chamber  of  a  lire-engine.  In  both  cases  ho  elastir  medikini  is  acted  upon — the  air  in  the  one 
case  and  the  elaslie  tissue  in  the  other— wliioh  in  turn  presses*  ii|Kni  the  fluiti,  propelling  it 
onwards  continually,  while  the  action  of  the  purnp  or  tlw  heart,  as  the  case  may  be^  is  inter* 
niittent.  The  ordinary  sprfty-prodncer  acts  on  this  principle.  A  uniform  spray  or  jet  is 
obtained  by  pumping  intermittentlv,  but  only  when  the  resijitaQce  is  such  as  to  bring  into  action 
the  elasticity  of  the  b,ig  between  the  pnnip  find  the  spray -oriliee.] 

GoheBion. — The  ei^lie^ion  of  blood- vt^s^tds  i.s  very  ^a*oat,  mid  in  virtue  of  this 
tbfV  nrr  aldt»  to  resist  even  eonsiderable  interimJ  pressure  without  giving  way*  The 
carotbl  of  a  sheep  i.s  r uptime  I  only  when  fonrteen  time.^  tlic  nsnal  pressni-e  it  is  called 
upon  to  h^iiT  is  put  upon  it  (  Voikmitfin).  (tivon  a  vein  and  an  artt-ry  of  the  mm^ 
ihickfiem,  a  greati^r  pressure  is  recpiired  to  ruptiu'e  the  former  than  the  latter.  The 
human  carotid  or  iliae  artery  renints  a  pressure  of  8  iitu)os|dieres,  the  veins  about 
the  half  of  tliis, 

[DiTision  of  an  Artery.— ^Mieii  an  artery  is  divided  in  the  livijig  body,  the 
IiIulmI  spouts  in  }rX^  U\im  the  i>roxinial  cut  end  of  the  tul>e,  Le.,  the  heart  end- 
Eftch  jet  fornus  a  ]»ariilxdic  curve,  and  the  tlow  chiles  not  cea.sc  Ix'tween  the  jet8. 
If  a  lurge  ark^ry  be  severed,  the  IdiUMl  may  lu^  projected  for  a  d instance  of  scvenil 
feet,  thi.s  l»eing  great4»r  the  larger  the  ^vrtery  and  the  nenrer  it  is  to  the  heart.  A 
very  suiall  uUMamt  »>f  liloml  may  flow  from  tlie  distal  cut  ('ud.  This  will  depend 
on  the  extent  to  which  collateral  anastomosis  takes  ]ilacc,] 

[In  the  eaae  of  a  divided  vein,  the  blood  flows  chiefly  from  the  distal  end,  and 
it  dcies  not  come  in  jet**,  l>ut  as  a  slow  contimtouH  flow.  The  flow  from  the  centi'al 
end  may  l»e  almost  nil  or  very  slight,  but  this  again  dejiends  on  the  amount  of 
collaterid  rireubiti«>n,l 

[Ligature  of  an  Artery  ruptures  the  inner  ci>at,  and  the  ve^s&el  swells  on  tlie 
proximal  side  of  the  ligature,  wlule  inHuediately  after  the  ligature  is  applied  the 
distal  part  of  the  vessel,  t.e,,  thi?  part  beyond  the  ligatur(%  collapses  and  lx*comes 
suniller,  and  no  puke  is  felt  in  it,  while  the  pulse  is  felt  in  the  proximal  part  right 
up  Ui  the  ligatured  si>ot.] 

[Xigatnre  of  a  Vein  <auses  the  vein  to  swell  on  the  distal  side  nf  the  ligature, 
while  on  the  pnixiuKil  or  rartiia*'  sitle  it  cidlai)se,*<,  mdess  there  be  a  very  free 
collateral  circulation.  No  (udse  is  felt  on  either  side  of  tin-  ligatmre.  These  results 
necessiirilv  follow  from  the  course  of  the  bloixi-strcam — moving  as  it  dtK*s  in 
opposite  dirtH'tions— in  the  two  vessels.] 


66.  INVESTIGATION  OF  THE  PITLSE. 

be  investigated  by^ 


-[The  characters  of  the  piiLse  may 


( 1 )  The  eye  (tn^)f di'ow). 

(2)  The  finger  (palimfiott). 

(3)  Instruments, 

The  examination  is  usually  confined  to  that  jiart  o(  the  radial  artery  which 
lie.?  immediately  above  the  wrist,  with  the  flexor  ti  udons  internal  to  it,  and  the 
ridge  of  the  ntdius  on  its  outer  aHjK^^tt,  while  the  slmft  of  the  mdius  forms  a  firm 
bony  supjKjrt  against  which  the  artery  can  be  compres.s*>d  by  means  of  the  finger, 
"Wlien  a  finger  is  plated  cm  the  mdial  artery — covered  here  only  by  skin  and  siilj- 
cutaneous  tissue— or  on  any  artery  in  the  Uving  body,  one  feels  a  diatinct  senae  of 


I 


Sec.  66J 


VARIOUS  SPHYGMOGRAPHS. 


113 


re^sistance,  whicli  iK'Conies  more  marked  at  n^gular  intervals  eorre8p>iiLling  to  each 
haart-beat.  It  feels  as  if  the  artery  exjiaiided  somewhat  under  the  finger.  This 
is  tliepw/ae.  One  eati  also  feel  that  in  the  intervals  it  seems  to  reeede  from  the 
finger.  In  some  situations  the  pulse  c^in  he  seem  Xo  such  pulse  or  beat  is  felt 
in  a  veim] 

[Two  or  three  fingers  are  placed  over  the  course  of  the  radial  artery,  and  the 
various  jih  en  omen  a  in  eonnectiou  with  the  fjulseare  noted.  It  takes  much  practice 
for  the  physician  to  aeipiire  the  tnetus  eruditus,  and  notwithstaniliuf^  tlie  value  of 
instruments,  every  physician  shouhl  make  a  cateful  study  of 
the  pulsed)eat  with  his  finger.  In  order  to  feel  tlie  pulse-beat 
or  to  take  a  pulse- tracing,  there  must  he  some  resishiiit  hoilvj 
e.f?.,  a  bone  behind  the  artery »  and  a  certain  degree  of  pressure 
must  be  exerttnl  on  tho  artery.] 

The  inlli^'itlual  phases  of  tlie  movement  of  the  pulse  can 
only  he  accurately  investigat€^l  by  the  appMcation  of  instru- 
ments  to  the  arteries. 

(1)  Poiaeaille  8  Boi  Pxilae-Meaaurer  (1829). — An  artery  is  exposed  and 
pkctMl  in  ati  oblong  box  tilkd  with  an  iudiflerept  fluid.  A  vertical  tube 
with  a  scale  attadied  coinuiuairfttfa  with  tlie  interior  of  the  l>ox»  The 
col  a  in  a  of  tluid  un«kr^'ot!S  a  vf^riiilion  with  every  pulse-beut. 

(2)  Henaaoa'a  Tubular  Sphygmometer  cou&ista  of  a  gla-ss  tuha  whose 
lower  unJ  is  cove  re  li  with  an  olastic  membrane  (fig.  83 )»  The  tube  is 
partly  tilled  with  Hg,  The  aiembraue  is  placed  over  the  position  of  a 
paTaatittg  artery,  so  that  ita  beat  causes  a  movement  in  the  Hg.  ClieliuH 
used  a  similar  instmrneut^  and  he  suet'eedod  with  this  inatrnmont  in 
eh  owing  the  existence  of  tlie  double  beat  (dicrotism)  in  tlie  nomiftl  pulse 
(1850). 

(3)  Vierordt'a  Sphygmograph  (1S55), — lu  this,  one  of  the  earliest 
aphygmographs,  Vierordt  departed  from  the  principle  of  a  tluetuating 
fliud  column,  and  adopted  the  principle  of  the  ht^er.  Upon  the  artery 
rested  a  snmll  pml^  which  moved  a  eoniphcate<l  system  of  levers.  At 
first  he  used  ft  straw  6  iiichpd  hnig,  which  rested  on  the  artury.  The 
point  of  one  of  the  levers  inscribi^d  its  movements  upon  a  revoIviTig 
cyUudfir.     This  instruiiu'ttt  waa  soon  diacardt^d.  ^'K-  S3, 

(4)  Maney'a  Sphygmograph  eoDsista  of  a  combiuatioa  of  a  lever  with      Sphygmometer  of 
an  elastic  ^spring.     The  clastic  spring  (%.  B4,  A)  is  B.xed  at  one  end,  r,  Herissou  and  Chelius. 
free  al  the  other  end,  and   provided  with   an    ivory  pad,  y,  which    Is 

pressed  by  th©  spring  upon  the  radial  artery^  Ou  the  upper  surface  of  the  pad  there  is  a 
vertically 'placed  Jine-toothed  rod,  k\  which  is  prcKJied  upon  by  a  weak  hpriag,  «,  so  thtit  its  teeth 
dovetail  with  similar  teeth  in  the  small  wheel,  l,  from  whose  axis  there  projects  a  long^  light, 


Fig.  84. 

Scheme  of  Marey^a  sphygmogmph.  A,  spring  with  ivory  pad,  tf,  which  rests  on  the  artery  ;  ^, 
weak  spring  pressing  it  into  t  ■  it.  writing  lover ;  P,  piece  of  smoked  glass  or  paper  moved 
by  clock-work,  U  ;  H,  screw  to  limit  e-xcursion  of  A  ;  S,  arrangement  for  Exiug  the  instru- 
ment to  the  arm  of  the  patient. 

wooden  lever,  i\  running  nearly  parallel  w^ith  the  elastic  spring*  This  lever  has  «,fii^e  style  at 
its  free  end,  *,  which  writes  uj)on  a  smoked  plate,  P,  moved  by  clock-work,  U»  in  front  of  the 
sftyle,     Marey  a  instrnnient,  as  improved  by  Mahomed  and  others^  Las  been  very  largvly  used. 

[Its  more  complete  form^  as  in  fig.  85,  whure  it  is  shown  applied  to  the  arm,  consists  of  — (1) 
a  steel  spring,  A,  which  ia  provided  with  a  pad  resting  ou  the  artery,  and  movea  with  each 
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movi^ment  of  tlie  art^iry  ;  (2)  tlie  lever,  C,  which  rtconJa  the  movement  of  Ihe  artery  and  spiiog 
in  a  mnpiified  form  on  thu  nnioked  i^aper,  G  ;  (3)  anarrangement^  L,  whereby  the  exact  pressure 
exerted  n^^Ksn  the  artery  is  in  treated  on  the  dial,  M  ;  (4)  the  clock- work  ^  H,  which  moves  the 
smoked  inqjer,  G,  at  a  imifcim  rate  ;  (S)  n  friimework  to  which  thtj  varkma  parts  of  the 
inHtmnierit  are  attaelietl,  ami  by  mtans  of  wJiich  the  instrnmer^t  is  fastened  to  the  arjn  by  stia^w, 

[Application.— Ill  applying  the  sphy^iioj^raph,  cause  the  patient  to  seat  himself  beside  a  low 
table,  anil  place  hb  arm  on  the  doublc-incliued  plane  (fig.  85).     In  the  newer  form  of  instni- 


Fig.    85. 

Marey'a  improved  Bphygmograph.  A,  steel  spring;  B,  first  lever  ;  C,  wiiting  lever  ;  C,  its  free 
writing  end  ;  D,  screw  for  bringing  B  in  contact  with  C  ;  G,  slide  with  smoked  jiajier  ;  H, 
clock-work  ;  L,*screw  for  increasing  the  pressure  ;  M,  dial  indicating  the  pressure;  K,  K, 
stra(>9  for  tilting  the  iDstrunicnt  lo  the  arni^  and  the  arm  to  the  double- IncliDcd  plane  or 
su  pport. 

ment,  the  lid  of  the  box  is  so  arranged  as  to  unfold  to  inttko  this  support*  The  fingers  ought  to 
^  be  semi- flexed.  Mark  the  ixiaition  of  the  radial  artery  witli  ink.  See  that  the  clock-work  ia 
'  wound  lip,  and  apply  the  ivory  {md  exactly  over  the  radial  artery  where  it  lies  upon  the  raditis, 


Fig.  86. 
Dudgeon's  sphygmograph. 

fixing  it  to  the  arm  by  the  iionelafitic  strap,  K,  K.  Fix  the  slide  holding  the  smoked  paper 
in  position.  The  l>e8t  paper  to  use  is  that  with  a  very  smooth  surface »  or  an  enamelled  card 
smoked  over  tlie  fiame  of  a  turpentine  lamp,  over  a  pi«e  of  burning  camphor,  or  over  a  fan- 
tailed  gas-burner.  The  writiTig-style  ib  so  arranged  as  to  write  npon  the  smoked  fm per  with 
the  lewt  possible    friction*     It  is  most  im|M>ttant  to   regulate   the  ptxisaure  exortA-d  upon  the 
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artery  by  means  of  the  milled  ImaJ,  L  Tbis  must  be  dctermtnetl  for  each  imlse,  but  tM  rule  ia 
to  grarltiftte  the  pressure  until  the  great*?st  amplitude  of  movement  of  tne  levei  is  olitained. 
Set  the  clock' work  going,  aud  a  tmciug  is  obtained,  whith  must  be  ** fixed"  by  dipping  it  in 


Fig.  sr, 

Lud wig's  fipbygmograpb, 

n  rapidly  drymg  varnish,  f.ff.,  pbotographie.     In  every  case  acratcb  ou  tbe  tracing  with  %  \ 
the  name,  date,  aud  amount  of  pressure  cmployetl,] 

[(5)  ^^Dudgeon'B  Sphygmograph,— This  is  a  convenient  form  of  spbygmograph,   althougli 


Fig.  88. 

Scheme  of  Brond^est'a  aphygmograpb.     S  S',  receiving  aud  reeordiiig  (S»  S')  tauilxmra  with 
writing  levers^  Z  and  ^' ;  K,  K\  conducting  tubes :  pt  over  heart,  p\  over  a  distant  artery. 

Broadbent  atid  Roy  regard  its  results  as  untrustxvortby.     The  Instrument  after  being  carefally 
adjuKted  upon  the  radial  artery  is  kept  in  position  by  un  intla^tiu  lilrap.     The  pressure  of  tbo 
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spring  is  regulatod  by  tbe  eccuDtiic  wbetl  to  any  amouut  from  1  to  5  ounces. 


inatrunracnts,  the  tracing  j^apur  is  moved  in  front  of  tlie  writing- need lo  by  moans  of  clock-work. 
The  writing  levers  are  so  adjuatetl  tliat  the  movements  of  the  artery  are  magnified  tifty  times 

[(6)  Lndwig^i  improved  form  is  a  very  aervifcalde  nistrument  (fig.  87).] 

(7)  Mjurey'a  tambonra  are  also  ens  ployed  for  rpj^bteriiig  the  movemeuts  of  the  piilse.  They 
arc  uflftd  in  the  same  way  as  the  panaphygmograph.  Two  paira  of  metallic  cnj>s  (tig.  88,  S,  8, 
and  S',  S',  Upham  a  capatdes)  are  piertal  in  the  middle  by  thin  metal  tul«s,  whose  free  eoda 
are  connected  irith  caotitchonc  tnl>es,  K  and  K'.  All  the  four  metallic  vcsaela  are  covered  with 
elastic  membranes.  Oti  S  mid  S'  are  tised  two  knobdike  pails,  p  and  p\  which  are  applied  to 
the  pulsating  arteries,  and  the  metal  arc#,  B  and  B",  retain  thnni  in  position.  On  the  oUier 
tambourfi  arc  arranged  the  writing -levers,  Z  and  Z',  Pressure  on  the  one  tambour  necessanly 
compresses  the  «ir,  and  makes  the  other,  with  which  it  is  connected,  exjMind,  so  as  to  move  the 
writingdevcr.  This  arrangement  does  not  give  absolntely  exact  resnlU  ;  still,  it  is  very  easily 
iised,  and  is  convenient  In  fig.  88  a  double  arrangement  is  shown,  whereby  one  instrument,  U, 
may  be  plafwl  over  the  heart,  and  the  other,  B',  on  a  distant  artery* 

(8)  Landoia*  Anglograpli. — To  a  bnsjil  puite  (fig. 89),  G  G,  are  fijced  two  upright  supports,  p, 
which  carry  between  tbem  at  tlvidr  upper  part  tho  movable  lever,  rf,  r,  carrying  a  rod  bearing  a 
pad,  e,  directed  downwards,  which  re.stJj  on  the  pulse.     The  short  arm  carni'a  a  counterpoise,  d, 


Fig,  8&. 

Scheme  of  Landois*  angiography 

80  is  exactly  to  balance  the  lor>g  arm.  The  long  arm  bajs  fixed  to  it  at  r  a  vertical 
rod  provided  with  teeth,  A,  which  is  pressed  against  a  toothed  wheel  firmly  fixed 
on  the  axis  of  the  very  light  writing  lever,  e,  /,  which  is  atipported  between  two  up- 
rights, qt  fixed  to  the  opposite  end  of  the  basal  plate,  G,  G.  The  writrugdever  is  e^pilibrated 
hr  means  of  a  light  weight.  The  writing-needle,  k\  is  fixed  by  a  joint  to  c,  and  it  wntes  on  the 
plate,  L  Tlie  flret  mentioned  lever,  d,  r,  carries  a  shallow  cup,  Q,  just  above  the  pad,  into 
which  weights  maybe  put  to  press  on  the  ptdse.  In  this  instrument  the  weight  c«n  bo  measured 
and  varied  ;  the  writingdever  moves  vertically;  and  not  in  a  curve  as  in  Marey's  apparatus, 
which  greatly  facilitates  the  measuring  of  the  curves  (fig.  89). 

Other  aphygmographs  are  used,  both  in  this  country  and  abroad^  including  that  of  Sommer- 
brodt,  which  ia  a  complicated  form  of  Marey^s  sphygmogmpb,  and  tbose  of  Pond  and  Macb, 

[Whatever  the  fonn  of  the  sphygmograph,  the  pressure  is  applied  to  the  artery  either  by 
moans  of  a  spring  {Marepj  Dudgeon,  &c.)or  by  actual  weights  which  press  ujjou  the  artery 
{Sommerhrodtf  Landois).  In  Marty's  form  the  lever  moves  in  an  arc  of  a  circle  on  the  paper  so 
that  the  upstroke  has  always  a  backward  inclination,  while  in  Sonimerbrodt'sthe  lever  moves  at 
right  angles  to  the  pa[ier,  and  makes  a  vertical  line.  Thus  the  form  of  the  curve  obtained  will 
vary  to  a  certain  extent  with  tbft  sphygmograph  employed.  As  a  matter  of  fact,  the  aphygmo- 
gi'sph  does  not  aid  one  so  much  in  diagnosis  as  baa  bee  ncl  aimed  for  it.  It,  however,  accentuates 
certain  phenomena,  which  cannot  h«  so  well  studied  with  thy  unaided  fingers.] 

In  every  puIie-ciUTe — sphygmog^am  or  arieriog;raia — we  can  distinguish  the 
ascendiufj  paH  (ascent)  of  the  iiirvr*,  the  ai>€r,  nud  the  flefft*efitli/ifj  /mrt  (descent). 
Secondary  elevations  scarcely  ever  occur  in  the  .i-S4H!ijtj  wliicJi  is  usually  represenk»d 
by  a  straight  line,  while  they  are  always  present  in  the  descent  (tig,  91),  Such 
elevations  occuniiig  in  the  descent  are  called  catacrotie,  and  those  in  the  ascentj 
anEcrotic.  When  the  recoil  elevation  or  dicrotic  wave  occiiri^  in  a  well-marked 
form  in  the  descent,  the  pulse  ia  said  to  be  dicrotiOy  and  when  it  occurs  twice, 
tricrotic. 

Measuring  Fnlse-Curves.^If  the  smoked  surface  on  which  the  traciug  Is  tnacribed  ia  moved 
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nt  a  uiiifoiTO  rate  by  means  of  l\w  clock-wiirk,  then  thf  lieiglit  aiui  Itingtli  of  the  curve  are 
measured  by  means  of  an  onliuan'  rnk.  If  we  know  tlie  mte  nt  wbicb  the  iia|>er  was  tnovedj 
tbeii  it  is  easy  to  (.'alcnlete  tbe  liuratioii  of  liiiy  event  in  the  cjurve, 

Gas-Sphjgmoficope. — A  siUftll  nietallic  or  glass  cafiaule  nioviJed  with  an  inlet  and  au  outlet 
tubttj  /ind  closed  below  by  a  fine  membra ne^  h  pkceil  over  an  art*ry.     The  inlet  tube  la  con- 
tiHctfd  to  a  gas  HUpply,  and  tbe  outlet  to  a  rat-tailed  ga^^- 
bnrner.    The  gna-jet  responds  to  eveiy  pulse- be  at*    Czerimik 
phattMfrapkrd  a  beam  of  light  set  m  motion  by  the  move- 
ments ot  tlie  pnlne. 

Htemautography.  —  Exposit  a  large  artery  of  an  animal, 
and  divide  it  m  that  tlie  atroam  of  blooil  issuing  from  it 
atrikes  against  a  piece  of  paper  drawn  in  frout  of  tlve 
blood'Streani.  The  curve  so  obtained  (jig.  90)  shows,  in 
adiiition  to  tlie  primary  wave,  F*  a  itistiuct  dicrotic  wave 
R,  and  .slij^ht  vibrations,  #■,  f\  due  to  the  varuitiims  in  th« 
eliisticity  of  ihti  arterial  wall,  which  show^  that  tlie  move- 
ments oi!cnr  in  the  blooi^l  it^self,  and  tire  communicated  as 
waves  to  the  arterial  walh  llv  estimating  the  amount  of 
blood  in  the  various  i>arts  of  t!ie  curvt%  we  obtain  a  know* 
ledge  of  the  amount  of  blood  discharged  by  the  divided 
artery  during  the  hv^tule  and  tliastolc  (i.f*.  the  narrowiu'^ 
and  dilatation)  of  tlie  artery— the  ratio  is  7  :  10.  Thus  in 
Ihe  unit  of  tit/it%  during  iirterial  ddiitation,  rather  mort* 
than  twice  as  much  blood  Hows  out  as  compared  u  ith  what 
occurs  during  arterial  con  tract  ion, 

67.  PULSE  TRACING  OR    SPHYGMOGRAM. 

— [T^e  Pulse. — With  t^nvh  yywtole  of  thf  htnirt,  a 

eertuiii  qiiaiititv  t>f  IdrfOil  i.s  fiircetl  iiit-u  tlit*  iil ready 

tilled  ami  partially  *li.<t*?iideil  artcrieii,  the  lesistniice 

in  the  vessels  h  lowest  between  the  prilsatioiis,  aut! 

at  tliifl  time  tlie  arteriiil  tilbi-is  are  somewhat  Hattencrl^ 

but  with  each  Hystrde  of  the  left  veiitricle  the  pidsi?- 

wave,  or  rather  thy  liquid  ]ire8,snre  within  the  ves-sel, 

is  increased,  thus  foreini^  the  artery  hat  k  iiit-i)  the 

C'ireiilar   form.      **Th«   idiange   of   tibape,   from   the 

flatt<med  condition  inipresi^ed  iifion  the  vewscd  hy  the  finger  or  th<*  sj^hygmograph 

lever,  to  the  rcuuid  eylintlri<ul  shape  which  it  uissnmes  innler  the  ilistending  for^e 

of  tlie  Idtiod  within  it,  eonstitut^'8  tlu^  pulse,"  and  it  indicateii  the  tlegree  and  dura- 


iff 


Hfiemautographic  curve  of  tbe  pos- 
ti'rior  tibial  artery  of  a  do^.  P, 
primary  pu hie- wave ;  R,  dicrotic 
wave  ;  f,  tf  eleTfttious  due  to 
elasticity. 


A  Fig.  91. 

A,  ralsC'trncing  by  Dndgeon'a  aphy^mogra[>h,  Sphygmogram  of  ratlial  arteiy ;  pressure  2  oz* 
Each  jiart  of  tlie  curve  hetwceij  tlie  base  of  one  ui>-stri>ke  and  the  ba^e  of  the  next  uji-strok*? 
oorresitonds  to  a  beat  of  thy  heart,  so  that  this  figure  shows*  hve  heart- I>cat4  and  jwirt  of  a 
aixtk     B,  Nonnal  pukc-traeing  taken  with  Marey's  sphygmngrujih  :  piesaure  2^  oz, 

tion  of  the  inerefiiH'd   pressure  in  the  arterial  system  eausid  l>y  the  ventricular 
8y at*  »1  e  ( BnmUmit) .  1 

Analysii.^A  sphygmogfram  ur  pulse-tracing  consiistii  of  a  series  of  curves 
{figs.  91^  92)  each  of  which  correaiionds  with  one  heat  of  the  heart.  Kaeh  j)ulse- 
ciirve  consists  of — 

L  Tlie  line  of  ascent  {a  to  h  in  fig.  91), 

2.  The  ajiex  (P  in  fig.  94,  and  h  in  fig.  91), 

3.  Tlie  line  of  descent  {b  to  h  m  fig.  91). 
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(1)  Tbi'  line  of  ascent,  or  up-stroke,  Ls  nciirly  vertieal,  and  ucL'iii'8  tluriiig  the 
tliktation  of  the  rtrt^rv  juiMkuril  Ijy  t\w  syHkili'  iif  the  left  ventriek,  when  tin? 
aortitj  Vcdves  are  forcttl  open  ami  the  ventricular  eontenis  are  jtrojectetl  into  the 
arterial  system,  [The  ascent  is  a  ntnirly  vertieal,  \inititernipted  line,  hvU  in  Home 
ci\sG»^  where  the  ventricle  eontrnet^  very  svahlenly,  as  oeeasionally  hujipens  in  juirtie 
regnrgitation,  it  in  qnitr  vrrtitiil  {tig.  *?7),] 

(2)  The  apex  t>v  percussion  wave  in  n  normal  pulse  is  poink^tl. 

(3)  Thr  line  of  descent  is  grmhm],  mid  rorrespomls  tn  the  dimiiuitiiin  of 
diameter  or   more    gi-adual    contraction  of    th(;  artiTy  after  tlie  ee.Siiation  of  the 

cardiac  t«ystf)k'.  It  is  internii>ted 
l>y  ttvo  romjifrteltj  fJisfijwt  eh^ra- 
titma  of  BetHilidury  waves.  Sueh 
elevati^ins  are  called  **catacTotic.*' 
The  mon*  distinct  of  the  two 
occurs  iis  II  weli-marked  elevation 
about  the  middle  of  the  ilescent 
{K  in  tig.  94  and/ in  tig.  (H);  it 
is  railed  the  dicrotic  wave,  «ir, 
with  reft  re  nee  to  its  niodt'  of 
la'ighi,  the  *^  reiuif  tcare,"  [As 
the  deseent  i!orri'spoiuis  to  the 
lilac  when  hhxid  is  flowing  out  of 
the  arteries  at  tlu^  [periphery  into 
the  riipillaries,  its  direction  will 
*'^^'  ^-'  del  tend  vn    the    rapitlity  of   the 

Kadial  i-ulHe^trnriugby  HoyaiKi  Ailami'siiiedio,].         uuttlow.      Tims    it   will   In-   more 
Kxtin-va^ukr  pix..uic. ^  100  n.iu.  Hg.  ^^^-^^  -^  pandysis  of  tile  arterioles* 

imd  very  rapid  in  aortie  regurgitation,  where,  of  eom-se,  naich  of  the  hlinKl  flows 
hackwaril  into  the  left  ventricle  (tig.  97),  In  this  ct\se,  the  artery  will  recoil  sud- 
denly from  nnder  tlie  tiug«*r  or  pad  of  the  instrnnient,  and  tliis  constitutes  the 
''pulsf  of  Liuiity  arteries."] 

The  dicrotic  wave,  or  recoil  wave,  rorresponds  to  the  time  following  the  closure 
of  tlie  aortic  vsdves,  and  is  ]irecedefl  in  the  dct^ceiit  hy  a  flight  depl^ession,  the 
aortic  notch, 

[Tlie  tidal,  (»r  pre-dicrotic  wave,  occurs  he tween  thi>  a]a'X  and  the  dicrotic  wave 
(tig.  01,  <?)'  it  occurs  on  the  thscent,  ami  during  the  emitnuititai  of  the  ventricle. 
The  tidal  wave  is  hest  marked  in  a  hard  pulse,  i.e.,  where  the  hkKMhpressure  is 
high,  w>  that  it  is  usually  well  marked  in  cirrhotic  diseiuse  of  the  kidney,  aceom- 
imnicd  !iy  hypertrophy  of  the  left  ventricle,] 

There  may  he  olhi*r  iecondary  waves?  in  the  lower  part  of  the  tlescent. 
[Respiratory  la  Base  Line, — If  a  line  V*  drawn  so  its  to  t^aich  the  base**  of  ail 
the  up-strokes,  we  olitain  a  straight  line,  hence  calleil  hy  this  name.     The  base  line 
is  altt^rcd  in  disease  and  during  forced  inspiration  (J^  74).] 

[Pulse-traeiugR  oht*iined  in  dilierent  ways  from  difrerent  animals  and  man 
resemliJrr  each  other  in  that  they  all  show  an  iniinterrupted  mpid  uiJ-stroke,  culminat- 
iiig  in  the  i>oint  of  the  curve  which  forms  the  percussion- wave  or  tirst  secondary 
wave  of  the  jiulse.  Between  tin'  a]iex  and  the  next  smidl  wave  is  a  noteli,  the 
pre-dicrotic  notch,  follow e*!  immediakdy  l\v  the  tidal  wave.  After  this  ia  the 
deejar  dicmtic  notch,  and  then  the  dicrotic  wave.  Tlii.s  la  followed  hy  a  more  ar 
less  prominent  short  wave,  between  which  ami  the  lowest  part  of  the  curve  is  a 
large  flattened  wave,] 

[Hoy  aiui  Adami  ado])t  a  somewhat  ditferent  terminology,  Kised  on  the  views  they 
hold  as  to  the  cause  of  the  several  parts  of  a  j)ulse-tni('ing.  The  tenn  lip-stroke  is 
retainedj  hut  the  percussion-wave  they  call  the  papillary  wave  or  tirst  .secondary 
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wttve.  Acccirtliiit,^  to  theiti^  it  is  dut?  to  the  contrnttiou  of  tlie  ]iii|>illury  iiiiisLle^, 
and  resides  from  llie  rist^  of  pressure  due  to  rontrailiini  of  Ihi-  |iii[»illary  niurtclea. 
The  iit'xt  Heeondiiry  or  tiihd  wave  they  mil  OEtflow  remainder  wave>  aud  it 
L-orre-Hpoiids  m  time  with  tlic  outflow  from  tlie  v*-^ntrirles,  um\  witli  it  the  (mtHow 
from  the  ventriides  tf^'minat-o:^.  After  this  eouies  ih^'  dicrotic  notch,  which  they 
ascrilie  to  **  tlie  inertia  of  tlie  hlootl  in  tlnj  aort^i  and  larjjjer  artt-rieH,  ^vhich  has 
^'ained  a  eert^iin  velo^'ity  during  the  iterrtxl  of  outflow  front  the  ventricle,  ami 
which  uiion  the  blood  ceasing  to  leave  the  ventri<  le  iiec  (i^sarily  i  auses  a  negative 
wave,  commencing  at  the  root  of  tlie  tmrtJi,  and  ]vh>pagated  in  tlie  <unne  dircx-tion 
an  the  ]H>«itive  wave."  Tlien  foHtiws  the  dicrotic  wave,  which  tliey  ascribe  to 
inertia,  and  then  the  long  slow  de?5cent  marked  l»y  a  ruuiided  slnnildcr,  and  perhaps 
ant^ther  small  inertia  wave.] 

[In  «oiiie  cases,  e.g.,  mitral  regurgitation,  the  jjieHlicrotic  wave  may  \*6  xtTitmnt  in  somt* 
pu be- beats  and  absent  in  otbera  {\i$^,  1^3),  wJi(?r«  th«  tidut  wiive  i?  presr^rit  in  tfip  lariffnt  jmhe, 
and  absent  in  the  others, 
while  the  base  line  is  nii- 
even.  In  mitral  stenosi.** 
tlie  amoQDt  of  blipod  dis- 
eliarged  ioto  tlie  kit  ven- 
tricle frequently  varies, 
hencti  tilt*  variations  in 
the  ehamcters  of  the  or- 
terial  iiulse,]  Fig.  93. 

Tiie   Bulse-iurve   indi-  liTe^hn*  i>nlitc  of  mitral  regargitation. 

c&ias    the    variations    of 

pressure  which  thi.*  hlood  exerts  on  the  iirtcriul  uallH,  for  the  lever  rises  jrnd  falla  with  the 
pressure,  heaee  v,  Krie»  ealb  it  the  *  *  preBBiire-pulfle/* 

68.  OEIQIN  OF  THE  DICEOTIC  WAVE.^The  dicrotic,  oi   recoil  wave, 

which  is  always  ]>re.seuiin  a  iionnal  i>ulse,  is  e^iused  thns: ^During  the  ventritidar 
Bystole  a  nniS8  of  hlooil  is  ]>rn[)elle(l  into  tlie  already  fnll  aorta,  whereby  a  positive 
wave  is  rapidly  transmitted  fr<»ni  the  aorti  tlironghoiit  tlie  arterial  system,  even  to 
the  HKiiillest  arterioles,  in  which  fhitf  jtnviarf/  irave  tat  exUmjuishet! .  Am  soon  as  the 
semi  liuiar  valves  are  closed,  anil  no  more  hlood  flows  into  the  arterial  system,  the 
artt^ries,  ^vldeh  were  previously  distende^l  hy  the  mass  of  lilornl  smhlenly  thrtiwii 
int*i  them,  recoil  or  contract,  so  that  in  virtne  of  the  elasticity  (and  contractility) 
of  their  walls,  they  exert  a  coimlcr-|iressure  upon  the  eohinm  of  bloml,  and  thuB 
the  hlood  is  forced  onwanls.  There  is  a  free  pasvsage  im  it  towards  the  [seripherj, 
bnt  tnwanls  the  centre  (heart)  it  impinges  njjon  the  already  closed  seml-lnmir 
valves.  This  develop  a  new^  positive  wave,  which  is  {iroi>agaU?d  peripherally 
through  the  arteries,  wliere  it  disappears  in  their  finest  branches.  In  thost)  eases 
wliere  there  is  snfHcient  time  for  the  complete  lievelopmetit  of  the  pidae-cnrve  (as 
in  the  short  eonrse  of  the  carotitls,  and  in  the  arteries  of  the  npi>er  arm,  hut  not 
in  those  of  tin?  lower  extremity,  on  aecf>unt  of  tlunr  length),  a  seeonil  reflected 
wave  may  be  caused  in  exactly  the  same  way  as  tlie  first.  Just  as  the  ]ndse 
uecurs  later  in  the  more  peripherally  placed  arteries  than  in  those  near  the  heart, 
so  the  secondary  wave  reflected  from  the  closed  aortic  valves  must  aj^jiear  later  in 
the  pf^ripln^ral  arteries.  Both  kinils  of  waves,  the  primary  pulse-wave,  the 
secondary,  and  eventually  even  tlie  tertiary  reflected  wave — arise  in  the  siime  place, 
and  take  the  same  course,  and  tiie  longer  the  course  they  have  to  travel  to  any 
part  of  the  arterial  system,  the  later  they  arrive  at  their  destination, 

[AaioiigHt  the  conditions  which  favwur  Jicrotism  are  low  hlood- presaare  and  a  rapid  sharp 
cardiac  eoutracLioa.  When  the  blomh pressure  is  low,  there  is  leas  reiistance  t^j  the  inflow  of 
blood  at  the  aorta  fioiii  tlio  left  venlriclo,  so  thut  its  systole  occurs  aharply,  forcing  on  the 
bh>i>d  and  diHtcndmg  the  arterial  wiilh.  The  eUi^tic  coatii  rebound  on  th«  con tui tied  bloody  and 
thus* start  a  wuve  from  thv  clo»ed  sciaiMin^ar  v^ulves.] 

[Roy  and  Ailauii  have  shown  tliat  inereatsiHl  depth  of  the  diurotic  notch  is  obtained  *'by  any 
cauae  which  dinuoishcs  thu  vohnne  of  hlood  which  ia  thrown  uMt  hy  the  vcatricle  at  each  con- 
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tnictioD,  and  (contitijy  to  tlie  usmil  tenL-hmg  on  this  subject),  also  by  any  cause  which,  ooetfmj 
paribus^  niines  the  jii^wure  withiLi  the  syntemic  urteiiea.  Agaiti,  a  piLilai?-wftVc  with  greatly  in- 
creased dicro  lis  m  may  occur  with  iritra'arterial  ]jressures  at  or  ft^tove  the  nonniih"  There  ore, 
hovveveri  diirert'iKea  betvvei'u  the  incrpasefi  dicrotis^in  of  hijrli  nnd  of  kiw  presMHire.     Fmm  this  it 


Xlll 
Fig.  U. 

1,  n»  in,  sphy^io^rmms  of  cHrotid  artery;  IV»  axillary;  V  to  IX,  radial;  X,  dicrotic  radial 
pulse;  XI,  XII,  ciiiral;  Xill,  po&torior  tibial;  XIV^  X\^  |»edal.  In  all  tbi<  cunres  P 
tudientes  a].>ex  ;  R,  dicrotic  v  iive ;  c^  f,  elevations  due  to  tlasticity ;  K,  elevation  e^^used 
by  the  closure  of  llie  semidnnar  valves  of  the  aorta. 

follows^  tlmt  the  mere  form  of  the  puke-wave  is  not  a  safe  guirle  to  the  height  of  the  medimo 
arterial  premire,] 

The  following  poiiihs  rpgartHiig  the  dicrotic  wnve  hitvf  been  nseertainetl  experi- 
mentally, chitdly  hy  Liuidois : — 

1 .  The  dicrotic  wave  occurs  latc'r  in  the  tlesccnding  part  of  the  ciif^Tj  the  further 
the  artery  experimented  npon  h  distant  from  the  heart.  Compare  tlie  enrves, 
fig.  94, 
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Tbe  ahorteat  acc«eaible  course  is  that  of  the  carotid  ;  wbere  tha  tlicjrotic  wave  readies  its 
Timximuiu  0  35  to  0  37  see.  afttT  the  berriiiumg  oC  tliu  pulsy.  In  tbe.up[ttT  rxtxi^miiy  iLe  aiJflx 
of  the  dicmtic  wiive  h  036  to  O'iJS  or  0'4Q  sec,  after  the  l>eginiiiog  i>i'  the  i^iilse-beat.  The 
1 01  igfjHt  course  is  that  of  tht^  artciks  of  the  loMcr  exlifmity.  TluMiji-ex  uf  tue  dieiotie  wave 
occura  ^>•45  to  0  5*2  or  0*59  sec.  after  tlie  begiuuiiig  of  thf  ewrve.  It  varies  with  tbe  height  of 
the  iudivtilual. 

2.  Tlic*  tlicrotic  elevation  in  the  descent  is  lower,  and  is  less  distinct,  the  further 
the  artery  is  situatird  fivmi  tlie  heart,  so  that  the  longer  the  distanci'  wliiih  the 
wave  has  to  travel  the  h^&A  (ii.stinet  it  het'ouiea 

3.  It  is  liest  niurked  in  a  pnl&e  when'  the  jirinmry  imJse-wave  is  Hhort  and  ener- 
getic.     It  in  gieatest  Rdatively  when  the  ny stole  of  the  heai't  i.s.s]n»rt  and  (*nergetic. 

4.  It  is  better  marked  fhf^  hnrer  the  ftm^ion  of  tin*  Idoixl  within  the  arteries^  [and 
is  best  developed  in  a  mfl  pulbe].  In  hg.  94,  IX  and  X  were  <>l>t"iined  when  the 
tensimi  of  tlie  iirterial  was  hw;  Y  and  VI,  medium;  ami  Vfl  with  liigft  tension. 

[Soft  and  Hard  Pulse. — A  soft  pulse  may  l>e  oin^  with  low  arterial  tension  ;  in  a 
hard  jiulse  the  tensir>n  is  high.  In  a  wt»ft  pulse  tlie  dicrotie  wave  is  always  well 
mitrlvrtl,  and   tlie  tidai  wave  sninll  nr  al>si'nt.      In  a  soft  pidwe  and  ]iulse  of  low 


Fig.  95. 
SchemrttA  of  pulse- tracings.     I,  normal ;  2,  low  tension'  aiwl  soft  pulse  ;  3,  high  tensioo  ami 
iMird  pulae  ;  4,  Hoft  pulse  fully  dicrotic  ;  5^  very  woft  pulse  nuil  hypcrd irrotie  ;  K,  respiriitoi-y 
or  base  litie.     The  ilottwl  line  m  put  in  to  aUow  the  relation  of  the  tidal  wave. 

tension,  if  a  line  be  dmwii  from  the  apex  of  the  sphy^rnfjgi-am  to  the  lowest  jKiint 
of  the  aortic  notnh,  the  tiilal  wave,  if  present  at  all,  falls  below  this  line,  as  in 
the  diagram  (fig.  95). 

In  a  hard  pnlse  the  tension  is  high,  and  the  tidal  wave  is  well  marked ^  externling 
above  a  liin^  drawn  from  the  ajn-x  to  the  lowest  point  of  the  af>rtie  noteli,] 
[  CondJCioDii  influ«ndng  Arterial  Tension.-- It  in  dimiiiiBhed  at  the  beginning  of  inspiration 

]74],  by  hrt-iuonhaf^e,  sto]>|»ftge  of  thf^  brrirt,  biar,  an  elf^vated  position  of  parts  nf  tbe  bwly, 

«myl  nitrite  J  oitm-glyeerin,  and  the  nitriteB  genemlly.  [Botb  drags  accelerate  the  palse-beata 
and  prod  ace  marked  dierotism;  with  nmyl  nitrite  the  full  tflect  is  oblaiued  ta  from  15  to  20 
after  the  inlinlutton  of  the  dose  (liijf.*9tij  A,   A'),  bat  witli  mtro-glycerin  not  until  6  or  7 


Fig,  m. 
Pulae- tracings.     A,  normal;  A\  one  niimtte  aftw  inbiiktioa  of  amvl  nitrite;  B,  normal; 
B'  after  a  tlose  of  nitro-glyeerita'  {Sti/itntj  a/ta  Mtinrlf). 

min.  (lig.  9fl,  B»  B')  and  in  the  latter  ease  the  elft-cita  last  hmgen]  It  is  increajied  at  the 
lieginniug  of  expiratioji  by  aecelerateil  action  of  the  heart,  stimahition  of  va-so  uiotur  nerves, 
diminished  outliow  of  blood  at  the  periphery^  and  by  inlkuimatory  couueslion  due  to  certain 
poiaons,  as  b'ad  ;  compression  of  other  large  arterial  tranks.  action  of  cold  nud  electricity  on 
tbe  small  cutaneous  vesistdi?,  and  hy  impeded  outflow  of  venous  hlood.  Wbeu  a  large  arterial 
trunk  is  exposed,  the  stiiaalation  of  the  air  causes  it  to  contract,  resulting  in  an   increnBed 
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SECONDARY   ELEVATIONS    IN   A   PULSE-CURVE.  [SeC,  68. 


Aortic  regurgitation. 


teiiKiou  wltliin  tlie  ves^L     \n  many  diseased  conditions  the  oj-terial  tension  is  greatly  increased 
— lc*tj*,  in  Bright*s  dittease,  wLere  ibe  kidney  is  uoutracted  (*' granular"),  and  where  the  loft^ 
ventricle  h  hypertrophied,] 

In  all  these  condilione  innrcasctl  arterial  tensiou  is  indicated  liy  tliti  dicrotic  wave  being  less 
high  aud  less  distinct,  while  with  diminibhed  arterial  tension  it  in  n  lurger  and  apparently 
more  independent  elevatioiK  Moens  Una  i^hown  thcit  the  time  between  the  primary  etcvtitiou 
and  the  dicrotic  wave  inereiUMs  witli  incrensp  in  the  diameter  of  the  tuhe,  with  dimiontion  of 
its  thickness,  and  when  its  cnelhoient  nf  elasticity  dimiiiblies. 

[The  dicrotic  wave  is  alusent  or  but  slightly  fiiarked  in  eiise.s  of  ullieroma  a  nil  in  sortie 
regriir^itation  (fig.  97).     In  this  fig.  obaerve  also  the  vertical  character  uf  the  up-stroke.] 

Elastic  Elevations. — B<jsides  the  tllcrotic  wave, 
ii  jiumbta'  (d  i>mid\  lesH-mnrkeil  elevations  occur  in 
tlie  tourso  of  tln^  descent  iii  a  spbygiuognitn  (lig. 
*J4,  ej  e).  These?  elevations  are  caused  by  the  ebistic 
tube  being  thrown  into  vilmitiona  by  the  rapid 
I'lurgetif  jnilst'-wav^^  just  as  an  ehistic  nieujbrane 
\  ibrativ^  when  it  h  su^blenly  stretched.  The  urt+Ty 
iilso  exeeuti's  vibnit(*ry  move  mentis  w]ien  it  pai*.ses 
sutbleuly  from  the  distended  to  the  relaxed  eondi- 
tioii.  The.se  small  elevatiinis  in  the  ]nd8(^ciirve, 
rauseil  liy  tin-  cdiustie  vibrations  uf  the  arterial 
wall,  are  mll«Ml  **  elastic  elevations''  lay  Lunb^iii. 

(1)  The  elastic  vi}(niti(>n>'  hierease  in  number  in  une  and  tlie  same  artery  "with 
the  degree  of  teiisiLHi  of  the  elastic  arterial  wail.  A  very  higli  tension  oceui's  in 
tlic  eold  stage  of  int^^rniittent  fever,  in  whieli  ca.'^e  thef<e  elevations  are  well  marke<l. 
{2)  If  the  tension  of  the  arterial  wall  lie  givatly  diminished,  these  elevations 
may  disappear,  so  that,  whik^  dindnisluHl  tension  favours  the  i)rodneticjn  of  the 
dicrotic  wave,  it  acts  in  the  opposite  way  with  reference  to  the  ^'clastic  eleva- 
tions," (3)  In  d isea.se s  of  the  arterial  walls  atlt'ctiog  their  ela-stieity,  thone 
elevations  are  either  greatly  diminished  or  entirely  abolished.  (4)  The  fsirther 
the  art4»ries  are  di^st^int  from  the  heart,  the  higher  are  the  elastic  elevations.  (5) 
When  the  mean  [>ressure  within  the  arteries  is  increa.sed  by  [ire venting  tlie  outflow 
of  tdood  from  them,  the  e  last  if*  vibrations  are  higher  and  nearer  the  a[)ex  of  the 
curve.  (6)  They  vary  in  nmnlier  and  length  in  the  pulse-curves  obttiiited  from 
different  arteries  of  the  Ixnly, 

When  the  arm  i*i  lield  in  an  njmght  position,  after  five  minuter  the  blu<Kl-veMel8  emfity 
themselves,  and  colkpacj  while  the  elausticity  uf  the  ftrtenea  is  dimiaisheiL 

69.  Bicrotic  Pulse.  -Sometinu's  durijig  fever,  especially  when  the  temjiemture 
is  high,  a  dicrotic  [udse  may  be  felt,  each  pidse-beat^  as  it  were,  lanng  composed 
of  two  heats  (tig.  94,  X),  one  beat  being  large  and  the  otlier  small^  and  more  like 
ati  after-l>eab  Ii«jth  1m  ats  eorresiioml  to  tme  beat  of  the  heart.  The  two  heixts 
are  quite  di.Htinguisladile  hy  the  ti-^nch.  The  ]dienomenon  is  only  an  exaggerated 
conditii>n  of  what  occurs  in  a  nortual  pulse.  T/te  itetrnMe  Httcnntl  beat  is  nofkiwj 
nttjre  (hati  the  (jrentfij  imr^aned  dicrotic  ehvatitjn,  which,  under  ordinary  conditions, 
is  not  felt  by  the  finger. 

CoaditionB  for  dicrotism.— The  occnrhsuco  of  a  dicrotic  palse  is  favoured  (1)  by  a  short 
primary  pnl^-wav*;,  as  iti  fevers,  vvhrre  the  heart  h«ata  rapidly, 

(*2)  By  ilimi/ujthctfttrtrrml  kjt:iiou,  A  short  systole  and  dinanished  artrrial  blood- pressure  me 
the  nio.'^t  favoai-able  conditions  for  caasing  a  dicrotic  [lulse;  [So  that  dicrotisin  Is  hest  marked  in 
a  soft  pnlse  (p.  ]2i>).]  The  double  heat  may  I*  felt  only  at  eertain  j>arta  of  the  arterial  system, 
whilst  at  other  piuts  only  a  single  b^at  is  felt.  A  favourite  site  is  the  mdial  artery  of  one  or 
other  side,  where  conditions  favonrable  to  its  occaience  appear  to  exist.  This  seemii  to  be  da© 
to  a  li)Ciil  dimiautidii  of  the  blood -pressure  in  this  area,  owing  to  the  paralysis  of  ita  vaso- 
motor nervtis  {Lamiofs}.  If  the  tension  he  increased  by  compressing  other  large  arterial  trunks 
or  the  veins  of  tlie  |»art,  the  dotible  brat  lieconitg  a  simple  pulse-beat.  The  dicrotic  pulse  in 
fever  iteems  to  be  dae  to  the  increased  tem|n*riitunj  (39''  to  40'  C),  whereby  the  artery  is  mor« 
tiisieuded,  and  the  hoart-ht-at  is  shorter  and  more  prompt. 
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(3)  It  is  absolutely  ueeessary  tbut  the  claslicitt/  of  thr  arterial  tvuli  be  nonnaU  The  dicrotic 
pubt*  tlot'is  not  cKicur  111  old  persons  witli  aLh^rotnatous  urteiieii. 

Monocrotic  Puke.  —  lu  tig.  9S,  A,  B,  C^  wc  obiiianre  a  gradual  pa&sagc  of  the  uoraial  radiid 
curve,  A  J  into  tin;  ilinotie  Ijieat,  B^  aud  C^  whire  the  dicrutic  wave,  r,  apijcars  as  an  indef>cDiJI«nt 
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Fig.  99. 
Hyjwrdicrotic  ptilr^c. 


Fig.  SJ^. 
BisvelopmeDt  of  the  Pal&us  dicrotas — P.  c4ipriiaTis  ■  I\  nionocrotujs, 

elevation.  If  the  frequency  of  the  pulse  inei'ca.ses  more  und  more  in  fever,  tlie  next  follow- 
ing pulae-hciit  iniiy  occur  iii  the  aseiudin^,'  juut  of  the  dicrotic  wave,  D,  E,  F,  atni  it  ujay  Ix"  even 
close  to  the  ii(>ex  of  the  Utter  (G)  (P*  caprizans).  If  the  next  following  beat  otciirs  in  the  depres- 
sion,  /,  between  the  |U'iinai7  elevation,  7%  and  the  dictotic  elevatiou,  r,  tbi^  lutter  entirtdy  disap- 
pcii rci^  a u d  t h c  c u  i- vc ,  H ,  ?Uisuuie»  w hat 
Landois  cull**  the  "munociMtiu"  typo. 
[Degrees  of  Dicrotiflm.  "When  the 
aortic  notch  rciichcH  the  respiratory 
or  biisc  lint",  tiie  lirlal  wave  Eiaviug 
disapijeared,  the  pulse  is  said  to  be 
fully  dicrotic  (fi^.  95.).  When  the 
aortic  notch  hills  below  the  base 
Hue,  t.i:. ,  helow  whore  the  np-stroke 
be^iiiH,  the  puLne  is  said  to  \iv.  hyperdiciotic  (trgs.  95,  99).  This  form  occurs* during  high  fever 
(104'  F.),  aud  is  usually  a  grave  aigu,  indicatiug  exhaiMion  and  the  need  for  slimulfluts.] 

70.  CHAEACTEES  OF, THE  PULSE.  -[The  ihivc  factors  coaterned  itj  the 
lU'othictiDn  of  the  pulse  iin/,  (1)  tlii'  jictian  \A  the  heart,  (2)  the  elasticity  of  the 
lar^e  vessels,  (3)  the  inrsistaiice  in  tlu'  small  arteries  and  capillariea.  Any  or  uli 
or  several  of  thci^e  fttetors  imw  be  iiUKlilled.] 

(1)  Frequency.— According  as  a  greater  or  less  number  of  beiLts  occur.s  in  n  given  time^  r.j/., 
j>er  Diiuute,  the  pulse  is  auid  to  Li^  frequent  or  infre»|ucnt.  The  normal  rate,  in  man -=71 
per  minute,  and  somewhat  tuoi-c  in  the  female  ;  in  fev^r  it  may  exceed  lliO  (*260  have  been 
counted  by  Bowleji),  while  in  other  dise&sea  it  may  fall  to  40,  utid  even  1€  to  15  ;  hut  such 
c^'iseH  are  rare  and  are  juohably  due  to  an  affection  of  the  cardiac  nerves  (§  II),  The  frequency 
of  the  pulmi  is  UHtially  intireaited  when  the  respirations  are  theiw}\  hut  not  Uiorc  numerouh,  ».<■., 
Trtpid  shiilloAV  riHpii-utions  do  not  affect  the  frequency  of  the  pulae,  but  deep  respirationa  do. 
[The  frpiiueucy  inny  Ui  regular  or  irregular  with  reguid  to  time.] 

{'!)  Celerity  or  Eapidity,  -  U  the  jmlj^-wave  is  develojieJ,  so  that  the  distention  of  the^avtery 
iilowly  reaches  its  heigh t,  and  the  ntlaxation  also  toke«  i>lace  gradually,  we  have  the  p.  tardus 
Q\'  dmr  or  hnfj  puke;  the  oji|»o»ite  condition  jjive^  rise  to  the  p.  celer  or  ipikk  or  nd^ml  jHilse. 
The  mpidiiy  of  the  juilse  is  iiieTeaaed  by  quick  action  of  the  heart*  ixjvvKr  of  expansion  of  the 
arterial  wiiHh,  easy  emux  of  blood  owing  to  the  dilatation  of  the  ^tnall  arteries,  and  by  nearness 
to  the  bejirt.  [The  qukkae-is  ban  reference  to  a  ^intjlti  pulse>be«t,  the  frameiKy  lo  a  nmnUr  of 
beats,]  In  a  ijuick  pulse,  the  curve  is  higli  iind  tlie  angle  at  the  ajiex  ia  acute,  while  in  a  slow 
pulne  the  as«  Lvtit  in  low  jind  the  angle  ut  the  apyx  is  large. 

(3)  Condi tiona  affecting  the  Pube. Bate.-- Frequency  in  Healtiu  —  In  man  the  nonnal  pulae- 
rate=»71  to  72  beats  \h^i  minute,  in  the  female  about  80.  In  some  individuals  the  pulse-rate 
mav  be  higher  (90  to  100)^  in  otiiera  lower  (50),  and  Huch  a  fact  must  be  borne  in  mind. 

(a)  Age  :^ 
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liwitN  |icr 

h*'nU  fwr 
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Mhmte. 

Newly  born, 

.      130  to  HO 

6  years, 

.     94  to  90 

25  to  50  years, 

70 

1  ycaj", 

.     120  to  130 

10  „ 

.    about  90 

60  years,    . 

74 

*J  years, 

.      105 

10  to  15  years, 

.      78 

SO      n         .         . 

79 

3     „ 

.     100 

16  to  20    ,, 

.      70 

80  to  90  years,  , 
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.       97 

20  to  25     ,, 

.      70 
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LengUi  of  Dody 

ru]^. 

In  cwi. 

lulniUtod.    Ubiientil, 

80  to    90, 

90 

133 

90  to  W), 

86 

91 

100  to  no. 

81 

87 

110  to  120, 

78 

84 

120  to  130, 

75 

78 

130  to  140,         . 

72 

76 

Pillar. 

Cftlcukted. 

Ohaervcrt, 

69 

74 

67 

68 

65 

65 

63 

64 

60 

60 

{b)  The  length  of  the  body  has  a  certain  relation  to  tlni  frequency  of  the  puke.  The  following 
reaults  have  betni  obtained  t>y  Czarneeki  from  the  fiimiula?  of  VDlkma"nii  and  Ramoaux; — 

Len^tli  (4  Bo4ly 
111  cm. 

140  to  150,  . 

IfiOtO  160,  . 

160  to  170,  . 

170  to  180,  . 

Above  180.  . 

(c)  The  pulee-rate  ia  increftsed  hif  mtisatfar  «r/iriVt/,  htj  every  iitcrtast  of  thi  arkrial  blood- 
prf4iJ*ttrf^  hy  tnlmg  qf  f 0*1x1  ^  {nrrrnsf'd  tcnqycralure^  jxritt/ul  sefisatimtSj  hy  jmijthical  disturhancfs^ 
tmdlin  t\rtrrme  dcftifitif].  Incrcaard  ftctttf  fever,  or  |>yr€xia  increnses  the  frecjnen^y,  and  a^  a 
rule  the  inert^ase  varies  with  the  height  of  the  tcnijH'rature.  [Dr  Ail  ken  states  that  an  increase 
of  the  temperature  of  I"  F*  above  98"  >\  corresimrnds  with  ati  ttjcrettiie  of  ttrii  pulse- Ix-ats  per 
minute;  thus — 

T«inp.F.  1'iilsc  riatc.  I  Tenip.F.  Tuliw-Katc.  I  Temp.  F.  PuJae-Rjltc 

»8^       -         .         .         60        I      101"    .         .         .         S>0         j     104*     .         .  120 

99'       ,         .         .  70        I      102"     .  .         ,       100         I      105"     ...  130 

100"       ...         80        I      103"    .         .         ,110         I     106'    .         .         ,  140 

Thia  is  mert*ly  au  approximate  estimate.]     it  is  more  fietjuent  when  a  pei-8on  is  9(^Hdhtg  than 

ivben  he  lies  down,     ^f^m^•  isreelerates  the  pulse  ami  increases  the  blowUpreasure  lu  dog»  and 

tmeii.     Inerenacd  baroiiietne  pres^^iire  iliTiiiriisljies  the  fre<jueney. 

The  Variation  of  the  Pulae^Eate  during  the  Bay, ^3  to  6  a.m.  -  61 1>eats  ;  8  to  11  ^  a.m.  =74. 
It  then  falls  towards  2  r.M.;  toward;*  S  (at  dinner-time)  another  increase  takes  place  and  goes 
on    until  6   to   8    p.m.  ^70;  and   it  falls  until   mkhiight'-54.     It  then  rise«  again   towards 
2  A.M.»  win  II  it  soon  falls  again,  and  afterwards  rise*  as  before  towards  3  to  6  a.m* 
[Pulae-B&te  in  Anjmala. — [Cofin). 

Vet  Min, 

.      120-150 

120 

110 

188 

140 

24 

20 

80 

77) 

(4)  Yari&tlofLB  in  the  Pulae-Rhythin  (Allorhythmia),— On  applying  tbe  fittgei-s  to  theiiormal 
pulse,  we  feel  bent  after  beat  oueurring  at  apparently  equal  iniervals.  Soriietimeft  in  u  ijomial 
seriea  a  beat  i»  omitted- pnlsns  intermittenii,  or  intermittent  pulse.  [In  feeling  an  inter- 
mit tent  ]uilfte,  we  imagine  or  have  the 
ujpression  that  a  l»eat  is  omitted. 
This  may  be  dne  to  a  rt-fit-x  orreat  of 
he  ventncular  contraction,  eansed  by 
iigeAtive  dernugenicut,  in  which  ease 
'  It  has  oo  great  aigiiificance ;  but  if  it 
hiii,  inii»  bt^  due   to   faibire  of  the  ventiieular 

fiction,  iuterniitteut  judse  is  a  serious 
Rjiiij^tom,  btiing  fretjuentiy  present 
when  the  muscidar  walla  are  degenerated.]  At  otbt-r  times  the  beats  Iwcotne  smaller  and 
smalleri  and  after  a  certain  time  begin  a^  large  as  ht?fi^re  =  p.  myuruB,     When  an  extra  I  eat 

U  intereiilat«d  lu  a  normal  st'iies-'P.  inter- 

currena,     The  regular  alternation  of  a  high 

iitid  a  low  beat  =  p.  alternauB  (tig.  100).      In 

th(]  p.  bigeminita  of  TmulM>  the  benta  occur 

in  jwirs,  so  that  there  is  a  longer  pause  afUT 

t' ve ry  t  u  o  ht-ata  ( hg.  101).   T ra ube  fo u n d  that 

he  could  produce  thia  form  of  pulse  in  curar- 

Fij^.  lOL  isfd  dogs  by  stopping  the  artilieial  res^dra- 

Pulaiw  big«minua.  ^^^?  tor  a  long  lime.     The  p    trigenunui 

^  and  quadngemmuB  oecnr  m  the  same  w^&y, 

but  the  irregularities  occur  after  every  third  and  fonrth  beat.     Knoll  found  that  in  animals  such 

irregularitie»  of  the  pnl»e  were  apt  to  occur,  as  well  as  great  irrcgnlarity  in  the  rhythm  generally 

wheti  there  is  much  resistance  to  the  circulation,  and  eonsei^nently  the  heart  has  great  demands 

ii|>on  its  energy.     Tlie  aame  occurs  in  man  where  an  impi-ot^er  relation  exists  between  tlic  force 
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of  the  cardbc  muscle  iiiid  the  work  it  has  to  do  {Ri^gtl). 
action  i^  called  B^rhythmin  cordii^ 


Com|)kto  irregukrity  of  the  heart's 


71  VARIATIONS  IK  THE  CHAEACTEES  OF  THE  PULSE.— Compresaibility.— The  rela- 
tive strength  or  compreBflibliitj  of  the  pulse  (p.  fortia  aiul  debilis),  Lr.,  Vk-Jiether  the  pulae  is 
stn^iuf  c*r  w>  <Uv  is  eHtiiiialcsl  by  the  wtfight  which  the  piil?^  ia  able  to  raise.  A  8|iby^iiogr»ph, 
provided  with  an  index  itidiotting  the  amount  of  pressur*^  exerted  upon  the  spring  presiding  npou 
the  arten%  nmy  be  u*pd  {lag,  85).  In  this  cast'!,  as  soi>n  as  tlje  pressure  exerteil  u]h>jii  the  artery 
overcomes  the  piils^^-beat,  the  lever  ceaseg  to  mote.  The  nright  t'mphycd  indieaitfs  Ihr.  strength 
of  the  pit  J  ^',  [  I'he  linger  niay  hi,  and  geiieially  is  u-^eil.  Th«  finger  k  pressed  upon  the  artery 
until  the  pulse- beat  \\i  tht*  artery  Itctfotuf  the  point  of  pressure  is  oblitemted.  In  health  it  re- 
quires 'A  pressure  of  several  ounces  to  do  this.  Handheld  Jones  uses  a  sphygmometer  lor  this 
purj)i>se.  It  is  oonstrticted  like  a  cylindrical  letter-Wfight,  and  the  pressure  is  exerted  hy  means 
of  a  apirfll  sprintr  which  hii»  been  carefully  graduated.]  The  pulse  is  h ant  or  xct/f  wlien  the 
artery,  according  to  tlis  mean  blood- pressnie,  gives  a  feeling  of  greater  or  less  resistiiuce  to  the 
finger,  and  this  i|uite  iiidei>eiident  of  the  energy  of  the  individual  pulse-bcHts  (p.  durua  luid 
mollis).  In  eatinrnting  the  tenftion  of  the  artery  and  the  ptilse^  I'.c,  whether  it  in  hard  or  m^/K, 
it  is  important  to  observe  whether  the  artery  has  this  qimility  only  during  the  pulse-wave,  i.e., 
if  it  is  hard  during  diaj*tole,  c*r  wliether  it  \%  hard  or  soft  during  the  }>eriod  of  re^it  of  the  arterial 
wall.  All  arteries  are  harder  and  less  com presfiible  during  the  pulse-beutthan  during  the  period 
of  rest ^  bnt  an  arterj^  which  is  very  hard  dnnng  the  pulse  tjeat  mny  \m  hnrd  also  during  the 
tiause  between  the  puke-beats  ;  or  it  may  ho  vgtj  soft,  as  in  insuthciency  of  the  aortic  valves. 
In  the  latter  chbi%  alter  the  systole  of  the  left  ventricle,  owing  to  the  incompt^iiey  of  the  aortic 
semi  lunar  valves,  a  large  amount  of  blood  Hows  Itack  into  the  ventricle,  so  that  the  tirtertes  are 
thcrt^by  suildenly  rendered  piirtially  empty.  [The  sudden  collapse  of  the  artcrj"  gives  rise  to 
the  cbanicteriJitic  **pnl.Heof  unfdled  arteries  "(Hg.  97),  sometimes  also  called  "  Corrigan'a  pulse."] 

Under  similar  conditions,  the  voltamo  of  the  pulse  is  obvious  from  the  size  of  tlie  spnygtno- 
gram,  so  that  we  speak  of  a  hinja  and  a  smftU  or  thready  pulse  (p.  mnguus  and  parvus),  Sorae- 
tinies  the  puke  is  so  thrc^y  and  of  such  dindnished  volume  that  it  can  scarcely  be;  felt  A 
large  pulse  occurs  in  disease  wheo,  owing  to  hypertrophy  of  the  left  ventricle,  a  large  amount 
of  hhjod  is  forced  into  the  aorta,  A  sum/ 1  pulse  occurs  under  the  opposite  condition,  when  a 
small  amount  of  blood  i*  forced  into  the  aortu,  either  from  u  diminution  of  tW.  total  amount  of 
the  blood,  or  from  the  aortic  orifice  being  narrowed  [aortic  stenosis],  or  from  disease  of  the 
mitral  valve  ;  again,  where  the  ventricle  contracts  feehly,  the  pulse  becomes  small  and 
thready. 

Compare  the  two  radia.k.  Sometimes  the  pulse  differs  on  the  two  sides,  or  it  may  be  aljsent 
on  one  side.  [The  puJse-wave  in  the  two  radials  is  often  difTorent  when  au  aneurism  is  present 
on  one  side] 

Angiometer. — Waldenburg  constructed  a  **  pulse-clock"  to  register  the  tension,  the  diameter 
of  the  artery,  and  the  volume  of  the  pulse  upon  a  dial,  U  does  not  give  a  graphic  tracing,  the 
results  being  marked  by  the  position  of  an  indieator. 

72.  THE  PtTLSE-CimYES  OF  VARIOUS  ABTEEIES,^!.  Carotid  (fig,  &4  I,  11,  HI  ; 
fig.  94,  G  and  Cj),  The  ftscentling  part  ia  very  (steep— the  airt!X  of  the  curve  (fig.  94,  P)  is  hharp 
nnd  high.  Below  the  apex  there  is  a  small  notch— the  *' aortic  notch  "(fig.  9i,  K) — which 
defwrnis  on  a  positive  wave  formed  in  the  root  of  the  aorta,  owing  to  the  closure  of  the  aortic 
valves,  and  propagated  with  almost  wholly  undiminished  euergj'  into  the  carotid  artery.  Quit*j 
close  to  this  notcli,  if  the  curve  l>e  obtaineil  with  mitiimnl  friction,  the  first  idastic  vibration 
Oiwirs  (fig.  94,  11,  «).  Above  the  middle  of  the  descending  p>art  of  the  curve  is  the  dicrotic 
elevation,  R,  produced  by  the  reflection  of  a  Msitive  wave  from  the  alroady  dosed  s<'mi-lunar 
valves.  The  dicrotic  wave  is  relatively  small  on  account  of  the  liigli  tension  in  the  carotid 
artery.  After  this  the  curve  falk  rapidly,  hut  in  its  lowest  thinl  two  small  elevations  may  \te 
seen.  Of  those  thti  former  is  due  to  elastic  vibration.  The  latter  represents  a  second  dicrotic 
ware  (fig.  04,  HI,  R).  Here  there  ia  n  trit^  tricratism,  which  ia  more  easily  obtained  from  the 
carotid  on  account  of  the  shortness  of  the  arterial  chnnnel, 

2.  Axillary  Artery  (fig.  94,  IV).  In  this  curve  the  ascent  is  very  steep,  while  in  the  descent 
near  the  apex  there  is  a  small  (aortic)  elevation,  K,  caused  by  a  jwsitive  wave,  produced  by  the 
closure  of  the  aortic  valves.  Ilelow  the  middb  there  is  a  tolerably  high  dicrotic  elevation,  H, 
higher  than  in  the  carotiii  curve ;  hecaus*'  in  the  axillary  artery  tlie  arterial  tension  ia  less,  and 
permits  a  greater  devtdopmeiit  of  the  dicrotic  wave.  Further  on,  two  or  three  small  tdastic 
vibrations  occur,  c,  e. 

a.  Radial  Artery  (fig.  94,  V  to  X  ;  fig.  lOe,  R  and  Rj).  The  line  of  ascent  (fig.  94}  is  toler- 
ably high  and  sudden — somewhat  in  the  form  of  a  long/.  The  ajiex  P  is  well  markt^d.  Below 
this,  if  the  tension  be  high,  two  elastic  vibrations  may  occur  (V,  e,  ^),  but  if  it  be  low  only  one 
(VI  to  IX,  e).  About  the  middle  of  the  curve  is  the  well-marked  dicrotic  elevation,  R.  This 
wave  is  least  pronounced  in  a  small  hard  pulse,  and  when  the  arteiy  is  much  distended  (fig.  94, 
VII,  R)  J  it  is  larger  when  the  tension  is  low  (fig.  94,  IX,  It),  and  is  greatest  of  all  when  the 
pulse  is  dicrotic  (X,  K),   Two  or  three  small  elastic  elevations  occur  iii  the  lowest  i»art  of  the  curve. 
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4.  Femoral  Artery  (fig,  91,  XI,  XII).  The  anceut  h  steep  ami  high— the  apex  of  tho  curve 
is* not  u 0 frequently  broad »  and  in  it  the  closure  of  tho  aortic  VAlves  (K)  is  intlic«te<l.  The 
curve  falls  rniiidly  towards  its*  lowest  tliiril.  Tlie  dicrotic  ckYfttion,  R,  occurs  late  after  the  ttu- 
giuuing  <if  the  curve,  and  there  are  also  smalt  elastic  c^levationa  (f^,  e). 

Pedal  Artery  (fig.  M,  XIV,  XV),  and  Poaterioi* Tibial (Xlll).  In  jinls*?  curves  obtained  from 
these  arteries  there  aro  well-marked  indicatious  that  the  ap[»;irHtU8  (heart)  pro»Jucing  the  waves 
is  jdaced  at  a  conaiderable  distance.  Tho  ascent  is  oblique  and  low — the  dicrotic  elevation  occur* 
late-  Two  elastic  vibration*  (fig.  94,  XIV,  r,  e)  oecur  iu  tlie  descent,  but  tliey  are  very  cloije 
to  tho  ape^,  while  the  elastic  vibrations  at  the  lower  part  of  the  curve  are  feebly  marked.  Fig. 
102  h  from  the  posterior  tibial.     When  measured,  it  gives  the  following  result : — 

n  to  2        .        .  9'5\ 

1  to  3        .         ,  20      I  , 


1  to  4 
J  to  6 


30'6  j 
68     j 


vibration  is-  0'01618  aec 


73.  AnacTotlflni, —  .4s  a  gt-neral  rule,  tlie  line  of  aiicent  of  a  pidae-curve  has  the  form  of  an/^ 
Mnd  is  ii*'arly  vertical  The  arterial  walls  are  thrown  into  elastic  vibration  l)y  the  pulse-lient, 
and  the  niuuber  of  vibrations  depends  greatly  ufwiu  the  tension  of 
tin'  arteriid  walls.  The  distention  of  the  artery,  or  what  is  the 
Jiiinn  thing,  the  ascent  of  the  sphygniogram,  usually  occurs  so 
mpidly  tliFit  it  is  equal  to  one  elastic  vibration.  The  elongatetl  / 
fhn|>e  of  the  ascent  is  fuudam  en  tally  just  a  prolonged  clastic  vibra- 
tion. When  the  uumlwr  of  vibrations  causing  the  elastic  varintion 
is  HTiiall,  and  when  the  line  of  ascf  nt  is  pro  longed  ^  two  elevations 
occas^ioually  occur  iu  the  line  of  asrent.  8uch  a  condition  may 
occnr  normally  (fig.  94,  VI U,  at  1  and  *2  ;  X,  at  1  and  2).  When  :i 
series  of  closely -placed  clastic  vibrations  occur  tn  the  upner  jiart  of 
the  line  of  nseent,  so  that  the  apex  appears  dentate  ana  forms  an 
nugle  with  the  line  of  ascent,  tlieo  the  condition  l>ecoroe«  one  of 
anacrotiam  (fig.  lOlt,  a,  o^),  which,  when  it  is  so  marked,  may  be 
characterised  as  pathotogicaL  Anacrotism  of  the  pulse  occurs  when 
the  time  of  the  influx  of  th*j  blooil  is  longer  than  the  tiuio 
o4'cnpit»d  by  an  €»lastie  vibration.     Hence  it  takes  place  :  — 

(1)  In  dilatation  and  hypertrophy  of  the  left  ventricle,  f.g.^  fig.  103,  A,  a  tracing  from  tho 
radial  nrtery  of  a  man  suffering  from  t!onti-acted  kidney,  the  large  voluuio  of  blood  expelled 
wutli  each  systole  requires  a  long  time  to  dilate  the  tense  arteriea, 

(2)  When  the  exteuBibility  of  the  arterial  wall  is  diminished,  even  the  normal  amount  of 
blood  ex fiel led  from  the  heart  at  every  systole  rwqnir*"s  a  long  time  to  dilate  the  art«ry.     Thi.s 
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Fig.  102. 

Curve  of  posterior  tibial. 
Written  by  the  angio- 
gTrtph  upon  a  vibrating 
plate. 


Fig.  103. 
Anacrotic  radial  puke- tracings,     ct,  «,  the  anacrotic  [mrts. 

occurs  in  old  people  where  the  arteries  tend  to  become  rtgid^  ejj,,  m  atheroma.  Cold  also 
stimulates  the  arteries  so  that  they  beeome  less  extensile.  Within  one  hour  after  a  tepid  bath, 
the  pulse  assumes  the  anacrotic  form  (fig,  103,  D)  {G.  r.  Lkhig), 

(3)  "When  the  blood  ataguatea  in  consequence  of  great  "diminution  in  the  velocity  of  the 
blood-»tream,  as  occuna  iu  paralyMd  liml»,  the  volume  of  bloo<i  propelled  into  the  artery  at 
erery  systole  no  longer  produces  the  normal  diBt*ntion  of  the  arterial  costs,  and  suicrotic 
notches  occur  (fig.  103,  B). 

(4)  Aft<»r  ligature  of  an  arter>',  when  lilood  slowly  reaches  the  peripheral  ]>art  of  the  vesael 
through   a  relatively  small  collateral  circulation,  it  also  occurs.     If  the  brachial  artery  bo  com* 

fressed  so  that  the  blood  slowly  reaches  the  radial,  the  radial  pulse  may  become  anacrotic, 
t  often  occurs  in  stenosis  of  the  aorta,  as  the  blood  has  difficulty  iu  getting  into  the  aorta  (fig. 
103,  CJ. 

Eecnrrent  Pulse.  ^ — If  thi^  radial  ari4»ry  l>o  coin^ireBsed  at  the  wrist,  the  ptilse- 
beafc  reappears  on  thodii^tal  side  of  the  point  of  jin*s.snr(  tlirongh  tho  artoriesof 
the  palm  of  th**  liatid  (Janawl,  A^eiderf),  Tlic  curve  is  anacrotic,  and  the  dicrotic 
wave  is  diminished,  while  the  ehiijtic  elevations  are  increased. 
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(5)  A  sTiecifll  form  of  anacrolism  occurs  tii  vnwa  of  well-maikcti  insufficiency  of  the  aortic 
Tftlve«,  Tract  u-allv,  in  these  cages,  the  aorta  remains  iienimiiontly  optin.  The  eon  traction  of 
the  left  ftiiricWcansosin  tlie  Wood  a  wav«-niotion,  which  is  at  once  promi^siteil  tli rough  the 
open  mouth  of  the  aorta  into  the  hirgc  blood  vessels.  TliiB  wave  is  foliowtd  by  the  wave  caused 
by  the  contraction  of  the  hypertrophit'd  left  ventricle,  but  of  course*  the  fanner  wave  is  not  so 
largo  as  the  hitter.  In  insuHicieury  of  the  aortic  valves,  the  auricnhir  wave  occurs*  before  fhe 
ventricnlar  wave  in  the  ast^iiuding  part  of  the  curv^.  The  auricular  is  well  marked  only  in  the 
large  vessels,  for  tt  soon  becomes  lust  in  the  peripheral  vessels.  Fig.  104,  I,  was  ohtniiifd  from 
the  carotid  of  a  man  suffering  from  tt'cl/fmir'.rd  insiitiiciency  of  the  aortic  valves,  with  con- 
siderable bypRrtro|ihy  of  the  left  ventricle  and  left  anricl*".  The  ascent  is  steep,  can»e4l  by  the 
force  of  the' contracting  heart.  In  the  apex  of  the  curve  are  two  projections  j  A  is  the  anacrotic 
auricular  wove,  and  V  \h  the  ventricular  wave.     Fig  10 J,  II,  is  a  curve  obtained  from  the  mb- 
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Fig.  101. 
Ill,  curves  with  anacrotic  elevations,  a,  in  insulficiency  of  the  aortic  valvtis. 


flaviafi  artay  0^  the  same  Individual.  In  the  femoral  artery  the  anricular  prnjection  is  only 
obtained  when  the  frictiou  of  the  writin>j- style  is  reduced  to  the  minimum,  and  when  it  occurs 
it  immediately  precedes  the  beginning  of  the  ascent  (fig.  98,  III,  a).  The  yiulse-cnrve,  in  casea 
of  aortic  insutficiency,  is  also  characterised  by — (l)jt3  considerable  height ;  (2)  the  rapid  fall 
of  the  lever  from  the  apx  of  the  curve,  because  a  large  y>art  of  the  blood  which  is  forced  into 
the  aortA  regurgitates  into  the  loft  ventricle  when  the  v^ritriile  relaxes  ;  (3)  not  nnfreijuently  a 
projection  occurs  at  the  apex»  due  to  tlie  elastic  vibration  of  the  tense  arterial  wall  ;  (4)  the 
dicrotic  wave  (R)  is  small  compared  witli  tlie  size  of  the  curve  itself,  because  the  pulse-wave, 
owinjf  lo  the  lesion  of  the  aortic  valves,  has  not  a  suthciently  large  surface  to  l>e  n^liected  fron* 
(tig.  97).  The  great  height  of  the  curve  is  explained  by  the  large  amount  of  blood  projected 
into  the  aortic  sy^item  by  the  greatly  hypertrophied  anddiliitcil  ventricle. 

71  IKFLTTEirCE   OF    RESPIEATION    ON    THE    PTTLSE-CUEVE.     The 

respiratory  mo vem en tfl  iiifhn-iicc  tln^  pulsci  in  two  tliilVrent  ways— (1)  in  a  purtdy 
physical  way.  St^it^il  hroaillv,  tlic  bl<j<xl-prt"S.siire  is  lowest  at  tho  beginning  of 
inspiration  and  bigbest  at  tbe  beginning  of  expiratioti ;  bnt  wbeii  we  cunsitider  the 
effect  oti  the  pnlse-inrve,  it  is  foniid  tbat  it  varies  with  the  (k*i>tb,  rupitiity,  and 
ease  <>f  respiratitm ;  (2)  the  respinitory  movements  are  aeeompaniecl  by  .stimnlatioii 
of  the  vaaomotor  centre,  wdiicli  prtKluces  variatiotia  of  the  blmMl-presHiire. 

L  Honiial  Respiration. — Fig.  105  sliows  what  sometimes,  but  l>y  no  means 
alwajH,  hapiH'iiJi.  I  Hiring  inspiration,  owing  to  the  dilaUtiou  of  the  thorax,  more 
arterial  blood  is  retained  within  the  chest,  while  at  tlie  same  time  venona  bloixl  is 
sucked  into  the  right  auricle  by  the  a.spinitiou  of  tbe  tliomx  ;  jis  a  coiisequenee  of 
this,  at  finst  the  teii.sion  in  the  arteries  must  be  lesn  tluring  inspiration.  The 
diminution  of  the  ehe^t  during  expiration  favours  the  flow  in  the  art<.*ries,  wbUe 
it  retards  the  flow  of  the  venous  blixnl  in  the  venas  cavne,  two  faetors  which  raise 
the  tensic^n  in  the  arterial  sy.stem.  Tiie  expiration  preceding  an  inspiration  eatises 
h'ss  bhjod  to  flow  to  tlie  heart,  he  nee  the  contractions  of  the  heJirt  at  the  beginning 
of  inspiration  ih)  not  All  the  aorta  so  fidl ;  the  opposite  residt  ohtainis  with  the 
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inspiration  preeetUiig  the  rxpiratiiin.  The  ilifrerencc  of  )>re8«ure  exi>ljxin8  the 
clifierenco  in  the  form  i>f  the  pnlt^e-cnrve  obtained  during  insjiimtion  and  expira- 
tion,  as  in  fig.  105  ami  %.  94,  I,  III,  lY,  in  wlurh  J  imlieates  the  j>art  of  the 
tHirve  which  occurred  duririfr  inspimtion^  smd  E  the  expirutory  portion.  The 
following  are  the  points  of  diiftM-ence:— (1)  Tlie  greater  distention  of  thc5  arterie* 
duriiiff  expiration  causes  all  th<^  |>art8  »»f  tin    l m  v.-  ri«  eurrini,^  during  this  idiase  to 


^A 


Fig.  105. 
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liifJueijce  of  tbe  respiration  upon  the  pulse.     J»  inspiration;  E,  expiration. 

l>c  higher  ;  (3)  the  line  of  ascent  ia  leiigthenetl  during  expiration,  because  the 
expiratory  thoritcle  nioveruent  helps  ti:>  inereiise  the  foree  of  the  expiratory  wave ; 
(3)  owing  to  the  inerease  of  the  pressure,  the  dicrotic  wave  nnust  he  less  during 
exinration  ;  (4)  for  the  same  reasim  the  elastic  elevations  are  more  distinct  atul 
occur  higher  in  the  curve  near  its  apex.  The  frequency  of  the  pulse  is  slightly 
less  during  expiiiition  than  during  inspiration, 

2,  This  purely  mechanical  effect  of  the  respiratory  movements  is  modified  by  the 
simultaneous  stimulation  of  tlie  vasomotor  centre  which  accompanies  theke  move- 
ments. At  tlie  1m^ ginning  of  inspiration  the  l>loo<l-pre.s,sTire  in  the  arteries  is  lowe-st, 
but  it  l>egins  to  rise  during  ins[uratioji,  and  increases  until  the  end  of  the  inspiratory 
act,  reaching  its  maxinnim  at  the  beginning  of  expiration  ;  during  the  remainder 
of  the  expirjition  tlie  ldood-]ue8sure  falls  until  it  re^iches  its  lowest  level  again  at 
the  heginning  of  inspinition  (compare  §  85,  /) ;  the  pidse-ciirve^  arc  similarly 
modified,  and  exhil»it  the  signs  of  greater  or  less  tension  of  the  arteries  correspond- 
ing U*  the  phases  of  the  respiratory  movements.  [There  is,  as  it  were,  a  displace- 
Hr  ment  of  tin*  blr>od-|>ri^ssure  curve  relative  to  the  respiratorv  curve,] 
^  Forced  Refipiration, — With  regard  to  the  effect  produced  on  the  pulse-curve  by  a 
powerful  expiriititiii  and  a  fi^rced  inspiratiott,  observers  uri^  by  no  means  agreed. 

VflrSlalva's  Experiment— Strong  expiratory  pressure  is  best  produced  by  closing 
tlie  mouth  and  nos(>,  and  then  making  a  great  expiratory  effort  (§60);  at  fird 
there  is  increa'^c  of  tlie  hloodpreHsure^  while  the  form  of  the  jmlse- waves  resembles 
that  which  occurs  in  ordinary  expiration,  the  tlierotic  wave  lieing  less  i  lev  eloped  j 
but,  when  the  forced  pressure  is  long  continucii,  the  pulse-curves  have  all  the  signs 
of  tliniinishcil  tension.  This  effect  is  due  to  the  action  of  the  vasomotor  centre, 
which  is  affected  reflexly  from  the  ladrnonary  nerves.  We  in  list  assume  that  forced 
expiration,  such  as  occurs  in  Valsalva's  experiment,  acts  hy  depre<i^fifj  the  activity 
of  the  vasomotor  eentre  (S  371,  11,).  Coughing,  singing,  and  declaiming  act  like 
Valsalva's  experiment,  wliite  the  frequency  of  the  i>nise  is  tnereiised  at  the  same 
time.  After  the  cessation  of  A'akalva's  experiment,  the  blood- pressure  riate^  above 
the  normal  state  (Sffmmerhrmit)  almost  as  much  as  it  fell  lielow  it,  the  normal 
condition  being  restt>rcd  within  a  few  minutes  (LeJizmann). 

Hliller  B  Experiment — When  the  thorax  is  in  the  expiratory  phase,  close  the 
mouth  ami  riose,  and  take  a  deep  iiis[iiralion  so  as  forcibly  to  expand  tlie  chest 
(S  60),  At  first  the  pulHecurves  liave  the  chanicteristic  signs  of  diminished  tension, 
viz. J  a  higher  and  nnire  tlistinct  dicrotic  wave  ;  then  the  tension  can,  by  nervous 
influences,  he  increased,  just  as  in  lig,  106,  where  C  and  Rare  tracings  tiken  from 
the  carotid  and  radial  arteries  respectively,  during  Miiller s  experiment,  in  which 
the  liicrotic  waves  r,  r,  indicate  tlie  diminisheil  tension  in  the  vessels.  In  Cj  and 
R^,  tJiken  from  the  same  person  during  Valsalva's  experiment,  the  opposite  con- 
dition occtuisi. 
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Compreosed  Air,  -On  cxj/iriuy  into  a  vessel  i-esenibliiig  a  spirometer  (bco  Re.?piratloD), 
(Wiildenbur^s  respiration  apfiarattis),  and  filkdwitli  ^^omprcssed  air,  thesflmo  result  is  obtained 
as  ill  Valsalva's  expcritneot— tbe  blood- pressure  fulls  aud  the  pulse -beats  increase  ;  €OTiversoly 
tbo  ifispiraimn  from  this  apparatus  of  air  tmder  less  pressure  acts  like  Miillcr'a  experiment,  «.«,, 
it  increases  the  effect  of  the  ius|uratiou,  aud  afterwards  iucreasea  tbe  blooii*preasure,  wbicb  may 
either  reiiiaiti  increased  on  continuing  tbe  experiment,  or  may  fall  [L^iizmiinn), 

The  i/L^piratmi  of  eonipressed  air  diminishes  the  mean  blood -pressure  {Sfuntz)^  aud  the  after- 
effect cojiliniies  for  some  time.     The  pulse  is  more  frequent  both  during  aud  aft^r  tlie  experi- 


C,  curve  from  the  t^arotidj  and  R,  radial,  <i tiring  Miiller'a  exjxjrimeul ;  Cj  and  R,  during 
Valsalva's  experiment     Curves  written  on  a  vibrating  snrface. 

meut.  Expiration  in  rarefied  air  iucrtiases  the  bloo^l-pressure.  The  etfecta  wbieh  depend  upon 
the  action  of  the  nervous  system  do  not  occur  to  the  same  extent  in  all  cases.  Ex]»osure  to 
compre,Hsed  air  in  a  pneumatic  cabinet  lowers  the  pulse-curve,  the  elastic  vibradous  become 
iudistlnct,  and  the  dicrotic  wave  diminishes  and  may  disiipp'ar  {i\  Fiirnot),  Tb€  hearts  beat 
is  slowed,  and  the  blood-pressure  raised  {Birt\  Ex|>osurc  to  jaiefied  iiir  causes  the  opposite 
result,  which  is  a  sign  of  diminished  artenal  tension* 

PulsnB  Paradoxua. — Under  jwithological  cou<litions,  especially  when  theixi  ia  union  of  the 
heart  or  its  Irirge  vessels  with   the  stinoundiiig  part?,   the  pulse  during  inspiration  may  he 


Fig,  107. 
Fulana  paradoxus  (after  Kusanutttl),     E,  expimtion  ;  J,  iuspinition. 

extremely  small  and  changed,  or  may  even  be  absent,  while  it  is  increased  in  expiration  (fig. 
107).  This  condition  has  been  called  pulaua  paradoxus  {fJricshufer,  KusJimaid),  It  depends 
ujKyu  a  diminution  of  the  arterial  lumen  during  the  inapir«tory  movement  [as  in  contraction 
of  the  air^passages,  and  in  cases  of  pericardial  adhesions].  Evtti  in  health  it  ia  posaible  by  a 
change  of  the  inspiratory  movement  to  produce  the  p.  pamdoxus  {Jimjd,  Sommerbrodt). 

75.  INFLUENCE  OF  PRESSURE  OH  THE  PXJXSE-CUB VE,  — It  is  most  nnjwrtant  to  know 
the  actual  prceaiire  which  is  applied  to  an  artery  while  a  spbygmogranj  is  l>eing  taken.  The 
changes  affect  the  form  of  the  curve  as  well  as  the  relation  of  iudividual  j^rts  thereof.  In  tig. 
lO^j  rt,  h,  c  rf,  r  are  radial  curves ;  a  was  taken  with  minimal  pressure,  b  with  100^  c,  200,  d 
250,  and  c  450  gram 4  pressure,  while  A,  B,  C,  D  show  the  relations  as  to  the  time  of  occiirroDce 
of  the  iudividual  phenomena  where  the  weight  was  successively  increased.  The  study  of  these 
durves  yields  the  following  results: — (1)  When  the  weight  is  small,  the  dieroiic  wave  is 
relatively  less;  the  whole  curve  is  high  ;  {2)  with  a  moderate  weight  (100  to  200  grams)  the 
dicrotic  wave  is  best  marked,  the  wiiole  curve  ia  somewhat  lower  ;  (3)  on  inei-easing  the  weight 
the  size  of  the  dicrotic  wave  again  diminishes  ;  {4}  the  fine  elastic  vibrations  preceding  the 
dicrotic  wave  appear  tiist  when  a  weight  of  220  to  300  grams  is  used  ;  (6)  the  rapidity  0!  the 
pulse  ebaugea  with  iuereaaing  weight,  the  time  occupied  by  the  ascent  becoming  shorter,  the 
descent  becoming  longer  ;  (6)  the  height  of  the  entire  curve  decreasca  as  the  weight  increasea. 
In  every  spbygmogram  the  pressure  nuder  which  it  was  obtained  onght  always  to  be  stated, 
in  fig.  ios,  A,  B,  are  curves  obtained  from  the  radial  artery  of  a  healthy  student.  The  pressure 
exerted  Uf»ou  the  artery  for  A  was  100;  B,  220  gnus.  (1  vibration  =  0  03 61 3  sec). 

If  prepare  ht  cj^crtrd  upfm  an  itrt^'fif  fttr  a  lontf  timr^  Uue  slremjth  of  the  pfilM  m  ^raduaUp 
int'rcivted.  If,  after  suljjectirtg  an  artery  to  tonsidcrable  pressure,  a  lighter  weight  be  used,  not 
unfrciiuently  the  pulse-curve  assumes  the  form  of  u  dicrotic  pulse,  owing  to  the  gieater  develop* 
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tuent  of  the  db  lotic  wlevfition.  When  strong  pressure  h  appUt^J,  tliu  blood  is  forcvd  to  fiijtl  ibi 
way  tUmiigh  collaU^ral  cbauuels.  When  the  chief  artery  ceases  to  b«  compri^sstHl,  the  total 
area  in,  of  course,  corisiilerably  ami  suddenly  eolarged,  which  results  m  t\w  productioo  of  a. 
dicrotic  olovatioiu  Fig.  94,  X,  la  sucli  a  dicrotic  ctirre  obtained  after  consider  able  preBsun;  hfld 
been  applied  tw  tlic  arter}^ 

76.  TEANSMISSIOK  OF  PUISE-WAVES.—Tliepulse.waveprocefils  through- 
out the  iirtc'i'itil  syst't'ni  fruni  tho  root  of  tlie  aorta,  so  tliat  tke  pulse  is  ftdt  sooner 
111  parts  Ijiiig  near  tlit;  heart  tliaii  iu  the  peripheral  arteries.     E.  IL  Weber  calciil- 


Fig.  108. 
Tarions  forma  of  curirea  (radial)  obtained  bj  gnduallf  increaiing  the  pressure, 

at-ed  tlie  velocity  of  the  pulse- wave  as  9  "240  metres  [28i  feet]  i>er  secon«J,  from 
t!ie  difl'ereiiee  in  timi*  hetuveu  the  jHilse  hi  the  external  maxillary  artery  and  the 
dorsal  iirtery  of  the  ftKit,  Czermak  showt'd  that  tht!  elastkity  was  not  equal  iii  all 
the  arterites,  so  that  the  velocity  of  the  jmlse-wave  cannot  he  the  same  in  aU.  The 
[lulse-wave  i«  propai^atetl  more  slowly  in  the  arterie.*?  with  soft  extensile  walk  than 
in  arteries  with  resistant  and  thick  walls,  fto  that  it  is  transmitted  more  rapidly  in 
the  arteries  of  the  lower  extremities  than  in  those  of  the  upj^^^r*  It  is  still  slower 
in  ( hihlnm. 

77.  PUIiSB-WAVE  INELASTIC  TUBES,— Waves  similar  to  the  pube  may  be  produwd  in 
ekfttiL'  tubos.  (I)  Accoixiiiig  to  E.  H.  M'eber  the  velocity  of  propogation  of  the  waves  is  11*205 
metre>i  per  sec.  ;  acconling  to  Dondeia,  11-13  metres  (34-4*2  feet).  (2)  According  to  E.  H. 
WeWr  iucreased  inteniid  teasion  cjuise.*!  oidy  an  inconsiderable  decrease  ;  Rive  found  a  great 
ileci'ease  ;  Doadcra  foaad  uo  ohviaua  dilFerencd  ;  while  Marey  found  an  incieased  velocity.  {3> 
Donflers  fonnd  the  velocity  to  be  the  same  in  tal>ea  2  mm.  in  diameter  as  in  wider  tnb«s,  but 
Marey  believes  th»t  the  velocity  varies  when  the  diameter  nf  the  tube  changes.  (4)  The 
velocity  ia  less,  the  smaller  the  ekatic  ooeWicient,  (5)  The  velocity  inereaifes  with  increased 
tliickness  of  the  wall,  while  it  diminishes  when  the  si>ecitlG  gravity  of  the  flnid  increases. 

Moena  has  recently  formnhited  the  following  laws  aa  to  the  velocity  of  projiagation  of  wavess  In 
elastic  tubes:— (1)  It  \h  inversely  proportional  to  the  S4]uare  root  of  the  sp^ciKc  gravity  of  the 
tlaid  ;  (2)  it  ia  as  the  square  root  of  the  thickness  of  the  whU,  the  lateral  prensare  being  the 
same  ;  (3)  tt  h  inversely  m  the  aquare  root  of  the  diameter  of  the  tube^  the  lateral  preaanre  beiDff 
the  same  ;  (4)  it  is  as  the  K<iuare  root  of  the  elastic  coeflieieat  of  the  wall  of  the  tube,  the  lateral 
presaurc  beinjj  the  same  ( Vitkutin), 

(A)  Tho  velocity  of  the  wave  Is  11*800  metres  per  second. 

(B)  The  inim-voHcidar  ptrssurc  has  a  decided  intluence  on  the  velocity;  thus,  in  the  tube, 
A,  with  18  em.  tHg)  pressure,  the  velocity  per  metre  — 0  093  second,  while  witli  21  cm.  pres- 
sure (Hg)  -0*095  second  |ier  metre. 

(C)  The  specific  ^raviUj  of  Uie  tiepiid  influences  the  velocity  of  the  puIse-wave.  In  mercury 
tho  wave  is  prof^agated  four  times  more  slowly  than  in  water. 

(D)  Tlie  velocity  in  a  tube  which  is  more  rigid  and  not  so  extensile  is  greater  than  in  a  tube 
wduch  is  easily  distcndLt], 

78.  VELOCITY  OF  THE  PULSE-WAVE  IKMAN.—Landoia  obtained  the  following  results 
in  a  student :  — DifTerence  between  cai-utid  and  radial  ^0  07 1  second  (the  distance  being  taken 
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a-s  62  centimetres)  ;  carotid  and  femoral '=0'0tJ8  second  j  femoral  (inguinal  re^on)  and  fjosterior 
tibial  — 0D&7  second  (distance  eatimatefl  at  &1  ceiitin*etrf?»).  [Waller  obtained  Ijetween  the 
heart  and  carotid  010  »t*coml  ;  limrt  and  femoral,  OlS  see. ;  henrt  and  dorj^lia  jhhUs,  0*22.] 

Tlie  velocity  of  the  pulse-wave  in  the  arteries  of  the  upper  extreiiLitie8  =  8'43 
metre.s  per  seiutul,  and  in  those  <d  the  lower  extremity  9*40  metres  per  Becoml^  [?>., 
a  1  wilt  30  feet  [^er  second].  The  velocity  m  jis^reater  in  the  less  extensile  arteries  of 
the  lowiT  extrcTnities  than  in  those  of  the  upper  li in b.  For  the  ^anie  rea-Hon  it  h 
less  in  the  periplieral  arteries  and  in  the  yieldin^^  arteries  of  children  (Czefma/i). 

E.  H,  Weber  estimated  the  velocity  nt  9*24  m«-'trcs  per  ciccond  ;  Garrod,  9-10 '8  metre?*  ; 
Graslroy,  8'5  metres  ;  Moenn,  8 '3  metres^  and  with  diminiHiieil  pressnre  during  Valsalva's eiperi- 
nient  7'  3  nieti-en  (§  (30,  g  7i). 

Influencing  Ck^nditiooa. — In  auinialap  hxemorrhage,  slowing  of  tho  lieart  prodnced  by  sttniula- 
tion  ot  the  vagns  (i/wvt»),  section  of  the  spinal  conl,  deep  morphia-nai-coais,  and  rlilatation  of 
the  blf>cMl'Ve«!*el»  hy  lieat,  prcwluce  »fowin(j  of  the  Yehx'ity^  whilti  stimnlation  of  the  ;>piiiAl  cord 
ao^tkraff^  it  ((rruamfjch). 

Thi!  wave-lettgth  of  tlie  pulse-wave  is  obtained  by  multiplying  the  duration  of 
the  ioflow  of  bhHRl  intu  the  aorta  =  008  to  0*09  second  (§  51  J,  by  the  velocity  of 
the  jiulse-wave. 

Method, — Place  the  knob?*  of  two  taTidKuii-y  (fig.  88)  npon  the  two  arteries  to  be  investigated* 
or  phiee  one  over  the  apex-heat  and  the  other  npon  iin  artery.  Tliejie  receiving  tmnbniirs  are 
connected  with  two  registering  tambours,  as  in  tSrondgeest's  "pansphygmograph  (§  67,  fig.  88 J> 
RO  that  tliL'ir  writingdevers  are  directly  over  each  other,  and  so  arranged  as  to  writ©  simnltaue- 
oiwly  on  mie  vibrating  plate  att:iched  to  a  tuning-fork.     [Or  they  may  ho  made  to  writ*3  U[H>n  a 

revolving  cylinder,  whose  rate  of  movement  h  ascertained 

by  ("anting  a  tnning-fork  of  a  known  rate  of  vibration  to 

write  nndcr  themj     The  ap|Mirrvtus  is  improved  by  nHing 

^^^^  BMi^^^M     ^'^^*^  tnbes  and  tilling  thenj  with  Mater,  in  which  all  im- 

A  ^^^^^HI^^bB^^^I     pulses  are  rapidly  communicated.     In  arteries  which  are 


A,  curve  of  radial  artery  on  a  vibrating  surface  (I  vib. -»O'O1013  sec.)  ;  P,  apex  of  enrve  ;  e^  e, 
elastic  vibrations  ;  R,  dicrotic  wave.  B,  curve  of  same  radial  taken  along  with  the  heart- 
beat ;  t?,  H,  P,  contraction  of  the  ventricle, 

distant  from  each  other,  or  in  tho  case  of  the  heart  and  an  artery,  the  two  knobs  of  the 
receiving  tambours  may  be  connected  by  means  of  a  Ytnb*  with  oiu  writingdcver.  In  fig,  109, 
B  13  A  curve  from  the  radial  artery  taken  in  this  wa}'.  In  it  p  H  P  indicate  contraction  of  tho 
ventricle  ;  H,  the  apex  of  the  ventricular  contraction  ;  P,  the  primary  ajiex  of  the  radial  curve  ; 
v»  the  beginning  of  the  ventricular  contraction  ;  p^  of  the  rmiial  jmlse,  A  it*  the  curve  of  the 
radial  artery  alone.  From  these  curve?*  it  is  evident  that  in  this  instance  nine  vibrations  occur 
between  the  beginning  of  the  ventricular  contraction  and  the  beginning  of  the  pnlso  in  the 
ra^lial  artery  =  0i 5  sec. 

In  fig,  110  lhi3  difference  between  the  carotid  and  the  i>ostfnor  tibial  pulse  =  0'1 37  sec. 

PathologicAL  —  In  cases  Qi dimmUh^d  fHeimhilitif  of  the  arteriee,  f.«/.,  in  atheroma  (§  77j  D), 
tlie  pulse-wave  is  pro[MigattHl  more  rapidly.  Local  dilatations  of  the  arteries,  aa  in  ftneniiBtOB, 
cause  a  retardation  of  the  wave,  and  a  similar  re^iult  arises  from  Iwal  constrictions.  Relaxation 
of  the  walls  of  the  ve^snels  in  high  fever  retards  the  movement  {Hmmrnjk). 

79.  OTKEB  PULBATILE  PHENOMENA.— 1.  In  tho  month  and  nose,  when  they  are  filled 

H  with  air,  and  the  glottis  closed,  pulsatile  phenomena  (due  to  the  arteries  in  their  soft  l>arts), 

H  maybe  found   commnnicating  a   movement  to  the  contained   air.     Tho  curves  obt^iincd   are 

H  relatively  small,  and  closely  resemble  the  curve  of  tho  carotid,     A  similar  pulse  is  obtained  in 

^^  the  tympanum  with  intact  inembrana  tymfani,  and  when  the  soft  parts  of  the  tympatium  are 

^^^H  congested  (Srhmtiize,  Ti'ott^h). 

^^^k  2.  Entoptical  Poke, — After  violent  exercise,  an  illumination,  corresponding  to  each  pulse- 

^^^H  tieat,  (xxurs  on  a  dark  optical  field.     When  the  optical  field  is  bright,  an  analogous  darkening 

^^^B  oocura.     The  ophthalraoscop  occaaionallv  reveals  pulsation  of  tire  retinal  mrteriea  {JUgcr}^ 
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3*  Pulaatil©  Muscular  Contraction, — llie  orhkularis  paJpehrantm  rnusck  contracts  under 
aimilAr  t otiditiuuH  synchrouoikslv  with  the  i>ulse  ;  and  it  i^s  peiliaiie  du^  to  the  pxilso-be^it 
excUiog  the  nyrtsory  nerves  reflexly.  The  Brothera  Weber  found  that  tjot  niifrequciitljf  while 
walking,  the  nten  and  pulae  graduklly  und  in voluu tartly  coincide. 

4.  \Vh<?[i  the  Ifgs  are  cromSd  as  one  sits  in  a  chair^  the  Icj?  which  ia  aupported  is  raided  with 
each  uuW-1)eat,  and  it  give»  alHo  a  second  or  dierotic  f;]cvatioii. 

5.  If,  while  a  |»ersoii  is  quite  quiet,  the  incisor  teetti  of  thi^  lower  jaw  b«  made  juflt  to  toncli 


Curvea  of  the  carotid  and  |io«tt;nor  tibial  taken  siniultancouKly  with  Broiidgcest's  pansphygiruo- 
^uph  wTJting  uiHjn  a  vibratiog- relate  attached  to  a  tuning-fork.  The  arrows  indicate  the 
'dentical  moment  of  time  in  each  curve. 

the  upper  incisors  very  lightly,  we  detect  a  douhle  be^t  of  the  lower  against  the  upper  teeth, 
owing  to  the  puls€-beat  in  the  extcrual  niaxillary  artery  mism^  the  lower  jaw.  The  second 
elevation  i«  due  t^  the?  cloiiure  of  tlie  semi  Innar  viilve>Sj  and  not  to  a  dicrotic  wave* 

6.  Brain  and  Fontanelles.— The  large  arteries  at  the  baae  of  the  hrain  commu ideate  a 
niovcnii'fit  to  it,  while  similar  movements  occur  with  respiration — risiug  during  ex  pi  ration  and 
falling  during  inspiration.  These  iimvcnieiits  are  visible  in  the  hmiandhs  of  in/anfs.  Th« 
re^spiratory  nioveriiflntji  depend  uiwn  variations  in  the  amount  of  Wood  in  the  veins  of  the 
cranial  cavity,  and  alno  ujiori  the  respiratory  variations  of  the  blowl-pres^nre* 

7.  Amongst  pathological  phenomena  are  {*?)  t lie  beating  in  the  cpigfiHtnunn  ''..7*»  in  hyjxsr- 
trophy  of  the  right  or  k  ft  ventrick%  cauuie<d»  it  may  he,  by  deep  ineiertion  of  the  diaphragm,  and 
it  may  be,  partly,  hy  the  heating  of  a  dilated  alMlioniinal  aorta  or  ca?Uac  axis. 

(i'^)  Aneurisiufi  or  abnonmit  dilaiatiwui  of  tlio  ai  ti?ries  Gmine  an  abnornni)  pqlsatiou,  while  they 
proiluce  a  slotcimf  in  the  trktcUii  of  the  pitisctrair  in  the  coiTesponding  artery.  Heta^e  the 
pulse  appears  later  in  such  an  artery  than  in  the  art«iy  on  the  healthy  sule.  ////;x^i'/rt>/iAy  nnd 
dUaiaXwfi  ff  the  hfi  vtutrkh  cause  the  arteries  near  thc<  hejirt  to  ]julsate  strongly.  lu  the 
analogous  condition  of  the  right  ventricle,  the  beat  of  the  pnhiionary  artery  may  he  seen  and  felt 
in  the  second  left  intercostal  spacer 

8€.  VIBEATIONSOF  THE  BODY  DUE  TO  THE  HEAET.— Th*>  heating  of  tlie  liwt  and 

large  arteries  ooniraunicjites  eorai>ound  vibiationa  to  the  body  as  a  whole.     If  a  person  be  placed 


Fig.  111. 
I.   Elastic  snpiwrt  for  registering  the  molar  motions  of  the  hofly— K,  wcxnlen  box  ;  B,  fe«t  of 
pntk^nt :  p,  carfiiograph  ;  a,  b,  clastic  tubing.     11.  Vibration  cui-ves  of  a  healthy  person 
111.  Curve   obtained  from  a  patient    with  insufficiency  of  the  aortic   valves  and  great 
hyfkcr trophy  of  the  heart. 

in  an  erect  attitude  in  the  ecale-pan  of  a  large  balance,  the  index  oscilUtes,  and  its  movements 
coincide  with  the  heart's  niovement-s  {Ounhn). 
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CAUSE   OF  THE   BLOOD  CURREXT. 


Blethod,— Take  &  long  rmtr-&tded  box,  K,  open  nt  tbc  ton,  a.iv]  armn^  several  coils^  a,  6,  of 
»ttmt  LUiautcliouc  tubing  ro\ind  one  end  (5g.  111).  A  wocMlpn  hoard,  B,  is  so  plncni  that  it  rests* 
with  i*iie  end  on  tlu^  cfttintohoue  tubing,  and  witli  tbft  other  on  tbe  narrow  end  of  the  box*  ^  The 
pei-Hou  to  Ikg  expirinieiitei!  upon,  A^  staridn  vertiL^ally  and  firndy  "O  this  board,  A  r<*^einiig 
tambour,  p^  is  placini  again.st  the  aurfacp  of  the  hoard  ru'Xt  the  efaiitfc  tube,  whioh  refristerH  the 
vihrationH  of  the  foot-HupiJort.  Fig.  ML  is  a  corv^e  showing  such  vibrations^  each  ht'art-beat 
being  followed  in  this  etwe  by  four  (w^cillations.  To  ascertain  the  iielations  find  causes  of  thei*o 
vibrations,  it  ia  netL^ssary  to  obtdii,  siiunltaueouBly,  a  tracing  of  the  bpart  and  the  vihratory 
curve.  For  thi>i  purpose  use  the  two  tamboui-a  of  Broiulgeest's  pans(thygiiiograph  (§  67,  76), 
placing  one  knob  tu"  \md  over  the  heart  and  the  other  on  the  foot-nupport,  and  allow  the 
writing- tarn boura   to   inscribe   their  vibrations  on  a  j^lasa   ]>late    attached   to  a   tutdng-fork 

In  the  iotcer  or  cardiac  impulse  cttrtr  (lig.  111),  the  rapidly-rktng  part  ia  due  to  the  Yentrkular 
systole.  It  tx)ntainii  eiffht  vibratiotia  (1  vih.  =  0*01613  sec),  Tho  be^nning  of  the  ventricular 
systole  b  indi<:at4?d  in  the  fig.  by  -36,  -3,  -17. 

If  the  <?orre?<ponding  nuuinoi-s  in  the  upper  or  vibratory  eitrve  are  studied,  it  is  obvious  that 
ai  the  t/wmetd  ttf  veiUricutfir  ^fystvfc  th*:  Iniiif  make.^  adowniLxird  vibratmnf  i.f.,  it  exereiseB  greater 
prc38iirii  uion  the  fiiot- support.     Gordon  inteii>ret8  his  cunre  (^  giving  exaetly  the  o[*postte 
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Tlie  upper  curve  ia  the  vibration -curve  of  a  healthy  i^rson,  and  the  lowm-  one  a  tracing  of  the 

a])ex-beat. 

result.  This  downward  motion,  however,  lasted  only  during  five  vihratlous  of  the  tuning-fork  j 
during  the  last  three  vibrations,  eorreft ponding  to  the  ayatole,  there  is  an  ascent  of  the  body 
cone4Ji>ouding  to  a  less  preshnire  upon  the  toot  plate.  When  the  ventricle  empties  itself,  it 
undergoes  a  movement  in  a  downward  and  outvrard  direction— On tbrodt's  **  reaction  impnlse." 

In  the  tipper  ctirvi;  analogous  numbers  are  employe*!  to  indicate  the  vibrations  oecurriiig 
simultaneousily,  viz.,  -28,  -U,  -10.  The  closure  of  the  semi-lunar  valves  is  well  marked  in  the 
three  heart-beats  at  20,  -'20.  This  closure  ia  indicated  in  analogous  jioinb*  in  both  curves,  aft^r 
which  there  is  a  de^'ent  M  the  foot-snpj»ort,  and  this  eorresponds  to  the  downward  propagation 
of  the  pulse-wave  through  the  aorta  to  the  vessels  of  the  feet. 

Pathological. — In  in  sufficiency  of  the  aortie  valves  as  shown  in  fig.  Ill,  II L,  the  vibration 
eomniunicated  to  the  l>ody  h  verj'  considerable. 

81.  THE  BLOOD  ClTELREHT.^Caiifle.— The  closed  and  inuch-branehed  va«- 
eular  aystem,  wlnjse  walls  are  eiulnwed  with  elnsticity  antl  CDntraetilit)%  is  not  only 
completely  iilleil  with  bbiml,  Imt  it  is  OTer-fiUed.  The  total  volume  of  iha  blood 
in  S5omewhat  i^reater  than  the  caiiaeity  of  tlie  entire  vascidar  system,  Ilfnce  it 
follows  that  the  nijuss  of  blocxl  must  exert  presflnie  on  the  wall.^  of  the  entire 
systenij  thus  canning  a  i-orre.sponding  dilatfition  of  the  elastic  vasenlnr  w;ills 
(Brntiue}*).  This  occurs  only  during  life;  after  il eat h  the  muscles  of  tlu*  vessels 
reiiix,  and  tluid  pa.sse8  iiiti>  the  tissues,  so  that  the  blo^xl-vessels  come  U:^  contain 
leea  fluid,  and  s^juie  of  them  may  be  empty. 

If  the  IdtKjd  were  uniformly  diKtributed  throughout  the  vascular  system,  and 
under  the  name  prc^ssure,  it  would  renmin  in  a  jKisition  of  equilibriuin  (jub  after 
death).  If,  however,  the  |jre8Him_^  be  iiiised  in  one  ^^ection  of  the  tube,  the  bhwxl 
will  move  from  the  part  wliere  the  pres^sure  is  higher  to  where  it  is  hiwer ;  so  that 
the  blood-current  is  a  regitlt  of  the  difference  of  pregsnje  within  the  vasctilar 
system.     If  either  the  aorta  or  the  vena?  euv£e  be  stuldenly  ligEitured  in  a  li\'ing 
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aiiimalj  the  bloofl  continueH  to  flow^  but  *(rmbial]>^  nioix*  slowly,  until  the  difference 
*}i  pressure  in  equalised  tlirougliout  the  entire  va-seular  syst-cuL 

The  velocity  of  the  current  will  he  greater  the  greater  the  dijference  of  pressure, 
and  the  lesi?  the  resist^iut'C  opp<:KHetl  to  the  blofMi-Htrearu, 

The  differeEce  of  pressure  wMch  causes  the  current  ia  produced  by  the 
heart.  i>f>th  iu  the  sy^teuiic  and  pulmonary  cireulation  the  point  of  greatest 
I  (reassure  ia  in  the  root  or  l>eginning  of  tlie  arterial  i^systcm,  while  the  point  of  lowest 
pressure  is  in  the  ternviual  p<ntion  of  the  vunou^^  (jritiees  at  the  heart,  Heuee  the 
Ijlmid  flows  ri>ntinually  from  tlie  arteries  through  the  ea]>illaries  into  the  venous 
trunlvs»  The  heart  keep.s  up  the  dili'ert'Ut'e  of  pn\'isure  rec|ulred  to  produeo  this 
result ;  with  eaeh  systole  of  the  vcntriele^,  a  certidn  quantity  of  hlood  i^  furcod 
into  the  liegiuning  of  the  arteries,  while  at  the  Hiuiie  tiuje  an  etpial  auiomit  Hows 
from  the  \'enouH  oritioes  into  the  auri<"h\s  during  tlieir  diastole  (E.  IL  WeHr). 

Donders  showcMi  that  the  action  of  tlie  heart  not  only  cjiuseM  tlie  iliflVrenec  of 
]ires.sure  necessary  to  esUiblish  a  likKxKnirrent^  hut  also  raises  the  mean  pressure 
within  the  vtkscular  system.  Thi-  terminations  uf  the  veins  at  tlie  lieart  are  witler 
and  more  extensible  than  the  arteries  where  thej  arise  fruni  the  hw^rt*  Aft  the 
heart  i>ropeIi?  a  volume  of  blood  into  the  arteries  equal  to  that  Avhicli  it  receivea 
from  the  veins,  it  follows  that  the  arterial  preBsiiie  must  ristt  more  rapitlly  tliau 
the  venouB  pressure  dim ini.^hes,  sluice  the  arti?rie5  are  not  so  wide  nor  bo  extensible 
as  the  veins.     Thus  the  toUl  [iressure  must  also  increase. 

Cause  of  Ccutiiiuous  Flow. — The  volume  of  hlooil  expelled  froui  the  ventricles 
at  every  sysUple  would  give  rise  to  a  jerkt^  or  intermittent  movement  of  the  blnod- 
stream — (1)  if  the  tubes  had  rigid  walls,  as  in  such  tubes  any  pressure  exerted 
iq>on  their  eonterds  is  propagated  uiomenUrily  throughout  the  length  of  tlie  tube, 
auil  the  motion  of  the  fluid  ceases  when  the  ]U'Oj)e]ling  forie  ceases  ;  (2)  the  flow 
would  also  lie  interoiitti'iit  in  chamctJir  in  elastic  tubes  if  the  time  between  two 
suceeanive  systoles  were  longer  tliaii  the  duration  of  the  current  necessary  for  the 
compensjition  of  the  diflereucc  of  pressure  caused  Tiy  the  systole.  If  the  tinie 
between  two  successive  sysUiIea  be  shorter  tlian  the  time  nece^^ry  to  equilibrate 
the  pressure,  the  current  will  become  continuous^  i>rovided  the  re^ishince  at  the 
periphery  of  the  tube  1>e  sufliciently  great  t^>  bring  the  ehistieity  of  the  tube  into 
acti»m.  The  more  rapidly  systole  follows  systole,  tlie  greater  the  ditibrencc  of 
pressure  becomes,  and  the  more  ilistended  the  elastic  walls.  Although  the  current 
thus  pro^luced  is  eoutiuuous^  a  sudden  rise  of  pressure  is  causfHl  by  the  forcing 
iu  of  a  mass  of  hlooil  at  evt^y  systole,  so  that  with  every  systc*le  tliere  is  a  sudden 
jerk  and  acceleration  of  the  bhod-dveant  corresponding  to  the  failse  (eompare 
§  64). 

This  sudden  jerk-like  acceleration  of  the  blood-current  is  i>ropaj:;nted  throughout 
the  arterial  system  with  the  vehH.ity  of  the  ]iulse-wave;  both  phenomena  are  due 
to  the  siime  fundamental  cause.  Every  pulsed leat  causes  a  temporary  mpid  pro- 
grciwive  aceeleration  of  the  |>artieles  of  the  fluid.  But  just  as  the  form -movement 
of  the  pulse  is  not  a  siniple  movement,  neither  is  tlie  pulsatile  acci'leration  a 
simple  acceleration.  It  follows  the  course  of  the  development  of  the  |mlse-wave. 
The  pulse-curve  is  the  graj ihie  representation  of  the  pulsatory  acceleration  of  the 
liliMjd-stream.  Every  rise  in  the  curve  eorresi>onds  to  an  acceleration,  every 
depression  to  a  retail  la  ti  on  of  tlie  current. 

[MethCMi :  Rigid  and  ElaBtie  Tubefl.— Thc^o  fiict«  Are  easily  (k'ritorifttratetL  Ti«  a  Higginson's 
syringe  to  a  fsiece  of  gaa-pipc.  On  forcing  wat«r  tliroii^h  the  rigid  tab©,  by  romprcssing  the 
pnnip,  the  wat^^r  wifl  flow  out  at  the  other  eml  of  the  tube  in  jeti,  while  iluHiig  the  intcrvaU  of 
pulsation  no  water  will  flow  out  A»  the  walls  i>f  the  tube  are  rigiil,  jyat  aa  much  fluid  flows 
oat  as  is  forced  into  the  tuW,  If  a  similar  arrangenieiit  lie  rnailtv  and  a  long  elMtic  tube  be 
used,  a  continaoixs  outflow  m  obtained,  provided  the  pulsations  occur  with  suflieipnt  mpidity 
«nd  the  length  of  ihi?  tube,  or  the  reaiatauce  at  its  perijitury,  he  sufficient  to  bring  tlie  elasticity 
of  the  tutw  i»to  aetion.     Thi*^  ran  bf  done  by  putting  a  narrow  rannula  in  the  outflow  end  of 
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the  tube,  or  bj  ^ikclng  a  damp  on  it  bo  as  to  liiminiBh  the  vzit  apertunji  Tbis  apfuLruttis  con- 
verts the  intermittent  Haw  into  a  eotitinnons  current.]  The  fire-engine  is  n  good  example  of  the 
eon  version  of  an  irit^^rniittent  in  How  in  to  a  luuform  out  How.  Tlie  air  in  tlie  re.servoir  h  in  a  state 
of  elastic  tension,  and  it  represents  the  ehusticity  of  the  vflvsoular  walls.  When  the  pnmp  m 
worktHl  slowly,  the  outHow  r>f  the  water  occtirs  in  jet«,  and  h  interrupted.  If  thti  ]nimi>ing 
movement  be  sufficiently  i"apid,  the  compressed  air  in  the  rt^ervoir  causes  a  continuous  onttiow, 
%vhieh  IB  iliMtinctly  acf^L-Ieratdi  at  ovary  movement  of  the  pump.  [The  ordinary  spray -producer 
IH  ^mother  good  ejcamplej 

[Thus,  there  art^  two  faettirs— a  central  one,  the  hearty — anil  a  peripheral  one, 
the  amount  of  resistance  oHju^tially  iu  the  artcriolus.  Either  or  Ijutb  may  Im 
varied,  and  as  this  is  dojie,  so  will  the  pressure  and  velocity  vary.] 

CtirreEt  in  the  Capillaries. — In  the  capillaries  the  iiuLsaiile  ueeek' ration  of  the 
eurrent  reases  with  the  cxtinetioimf  the  pulso-wave,  T!je  great  resistiinee  whiehis 
oflVred  to  the  turrent  townrd.s  the  cvipillary  area  eause.'?  Isoth  to  tlisnjipear.  It  is 
f>nly  wdien  tlie  eaiiillaries  are  ^Ruxtly  diLvtcil,  and  wlien  the  arterial  Idoml-pressure 
is  hi^di,  that  the  [adse  is  j>r4i]>^i;^rali'd  through  the  eaidllari^s  hiUj  the  Ix^ginning  of 
the  veins,  A  venoUB  pulfie  is  idtst-rved  in  the  veins  of  the  sul>maxillury  ghind 
after  stimulation  of  the  rlinrtla  tyni»inini  nerve,  whieh  contains  tlie  va.so-ili!ator 
nerveii  for  tlio  l)liHHhves.sel8  of  this  glamh  If  the  finger  he  eonstricted  with  an 
(dastic  bainlj  so  as  to  hiinler  the  retuni  of  the  venons  hloml,  mid  to  increase  the 
arterial  Idootl-pressnrt*,  while  jit  the  same  time  ililating  the  ca|nllaries,  an  inter- 
mittent ineresLsed  rediiejts  oeeurs,  which  eorre.spomis  with  the  well  known  throhhing 
sensation  in  the  swollen  finger  This  is  tine  to  tlie  capOlary  pulse.  [Hoy  auil 
Graham  Brown  fiumd  that  pulsatile  |(henomena  were  ]irrHlnee«l  in  the  ca|nllaries  by 
inereiising  the  extra- vn^enlnr  jvressure  (g  86),  Quincke  called  attention  to  the 
capillary  pulse,  which  eiin  (ifteii  he  seen  under  the  tinger-nuils.  Extern!  tlie  fingers 
eompletely,  when  a  wdiitish  area  apitears  under  thi^  nails.  A  reil  area  near  tlie  free 
margin  of  the  nail  advauecn  and  retires  with  each  pidseheat  It  is  well  marked  in 
some  diseased  conditions  of  the  heart,  espeeially  in  inconipetencc  of  the  aortic 
valves,  and  is  prohably  iinKlnced  hy  increjised  extra-vaHcnhir  pre.ssure.  If  the 
finger  be  drawn  c^ver  the  skin,  ejj,^  of  the  forehead,  in  i^ueh  a  per^son  the  alternate 
flushing  mid  paling  due  to  the  capillary  pulse  is  rcixdily  ohserved*] 

82,  SOEEBiATA  OF  THE  CIECIILATION,— E.  H.  Weher  conatnieted  a  scheme  of  the  cir- 
culation. It  I'onsiyted  of  a  fon!e-piinip  with  properly  arranged  valve-s  to  represent  the  heart, 
portions  of  gnt  for  tlie  arteries  and  veins,  and  a  piece  of  glass  tubing  containing  a  piece  of 
sponge  to  represent  the  capdlaries.  Various  schemes  have  been  invented,  including  the  very 
complicated  one  of  Marey,  [the  e^ttremely  ingenious  one  of  v,  Thanholfer,  and  the  thoroughly 
practical  one  of  Rutherford). 

83,  CAPACITY  OF  THE  VENTEICLES.— Since  the  right  ami  left  ventricle,^ 
contract  simnltaneonsly,  and  just  the  same  volume  of  Idood  iiasyes  through  the 
|iulmonary  ns  through  tlie  systemic  circulation,  it  follows  that  the  right  ventricle 
must  he  just  as  capacious  as  the  left.  The  capacity  of  the  ventricles  hm  been  eati- 
nuitcd  in  the  folhiwing  ways  : — - 

MethodB. — (1)  Dip&ctly,  hy  filling  the  dead  rel&zed  ventricle  with  blood  or  an  iiyectjon  mass. 
This  method  is  nn satisfactory  and  inaccurate. 

f*2)  Indixectiy,  Volkmann  {1S50)  estimated  it  thus  :— Estimate  the  sectional  &rea  of  the  aorta, 
and  the  velocity  of  the  hloodstream  in  it  (§  01 ).  From  this  calctilato  the  amount  of  blood  passing 
through  the  aorta  in  the  unit  of  time.  Ah  the  total  quantity  of  blood  in  the  body  is  known 
(  ^  1*3  of  the  body-weight),  we  can  eiisily  calculate  how  long  this  takes  to  How  through  the  aortA. 
We  must  also  know  the  number  of  beats  during  the  time  of  the  cireulatitsn.  From  these  data, 
and  frf»m  experiments  on  animals,  Volkmann  Cistimated  the  volume  of  blo<Ml  discharged  at  each 
fiystole  by  too  ventricle  to  be  j^^  of  the  body- weight.  For  a  man  weighing  76  kUos.  this  is 
187*5  grama.     This  estimate  still  leaves  much  to  be  desired. 

Place  calculates  it  in  the  following  manner  : — A  man  uses  about  500  litres  of  0  in  24  hours. 
To  absorb  this  into  the  venous  blood  (which  contains  about  7  vuls.  pr  jent.  less  0  than  arterial). 
About  7000  litres  of  blood  must  pass  through  tho  lungs  in  24  hours.  If  one  calculates  100,000 
heart-beats  in  24  hours,  then  at  each  systole  only  70  culijc  ^-en  timeti-es  are  diacharged. 
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[Capacity  of  tlie  palmonary  and  syateniic  circiilatioB.— Tjikiug  the  quantity 
of  WuchI  in  ail  average  udult  us  equiiL  to  5i  litrtjs,  according  U>  Jolyet  and  Tanziae 
the  ratio  is  2  :  11,  *>.,  1  litre  in  the  pulmonary  and  4i  in  the  systemic  circuit 
This  estimate  for  the  pulmonary  circuit  is  aomcwhat  t*:*o  low.  As  to  the  relative 
quantity  of  bluotl  in  the  arterial  aiid  venous  tubes  as  a  whole,  the  ratio  is  alK)Ut 
1  to  2.] 

»4.  ESTIMATION  OF  THE  BLOOD-PEESStJEE.— (A)  In  Animal*  :  (1)  Method  of  Hale«. 
^Tliti  Rev.  Stephen  Hales  (1727)  yum  the  first  to  iiiti'txhice  a  long  glass  tube  iutu  a  blood -vesj^el 
in  oixiiT  tt>  estiumtu  tlie  blood-pressure  by  lueasiiriug  the  height  i>f  the  colinoi*  of  bhxHl,       v^.c^ 

The  iu\M  was  provided  at  ita  lower  tm  \i  ith  a  copt^cr  tnbe  h«ut  at  a  right  augle.  [The  tube 
he  used  was  one-sixth  of  au  inch  bore  aud  a^Ktut  9  tfeet  loitg^  ^ud  vrh&  uiserted  into  the  fimoral 


^w^  Fig.  11?. 

I.  Scheme  of  C.  Ludwig'a  kymograph.     Ih  Fick'a  spring- kymograph. 

arttry  of  a  horse.  The  height  to  whicli  the  blood  rose  in  tbe  tube  waa  noted,  aa  well  &a  the 
Oddllatious  of  the  blood  that  weurred  with  evury  [tulsatioii.  From  the  height  of  the  column 
of  fluid  he  taicalat^d  the  force  of  the  htart.J 

(2)  The  H»madynamometer  of  FoieeuiUe  (1828),— Thia  oltaerver  used  a  U-aba|ied  tabe 
partially  filler!  with  mercury — a  guage  or  manometer — whieh  was  brought  into  connection  with 
a  blood- veis-sel  by  means  of  a  riffid  tube,  [The  nif rcury  ostiUat*id  with  every  pulsation,  aufi  the 
extent  of  thfe  osi  illatioua  was  read  otf  on  a  scale  attached  to  the  bent  tube.  He  called  the 
instrument  a  hitmadi/Hainotneier.] 

1(3)  Vierordt  used  a  tnbe  5  or  tf  feet  long,  and  filled  it  uith  a  solution  of  swliuni  carbonate, 
thus  prevt^ntiug  much  blootl  from  entering  the  tuln?,  while  at  the  same  time  the  soda  solution 
prevented  the  coagulation  of  the  blood.] 

(4)  C.  Lndwif 'b  EymograplL — C,  Ludwig  employed  a  U-shaped  mnnometer, 
hut  he  ftlaeed  a  light  float  upon  the  surface  of  the  mercury  in  the  open  hmb  of  the 
tuhe  (fig.  113,  L,  tf^  ^).  A  writing-styh^ /,  i>laced  trant?verHely  on  tlie  free  end  of 
the  float,  inscrihed  the  movements  of  the  flout — and,  therefore,  of  the  inercur)^ — 
upon  a  eylinih*!',  c,  causeii  to  revolve  at  a  uniform  rate.  This  ap|iaratU8  registered 
the  height  of  the  bluod-firessure,  an  well  as  the  pulsatile  and  otlier  i»srillations 
occurring  in  the  mercury.  Volknianii  calleil  this  inntnunent  a  kymograph  or 
"  wave-wnt<M"."  The  ditfereiice  of  tlie  height  of  the  column  of  iuet<ury,  c.  d^  in 
l>oth  limbs  of  the  tube  indiciites  the  presiiure  within  the  ves,*oL  If  tlie  height  of 
the  column  of  mercury  be  nmltiplied  hy  13"5,  this  gives  the  height  of  the  corrt!- 
a  ponding  coluniu  of  bWid.  *Setschenow  placed  a  stop  cock  in  the  lower  bend,  A, 
of  the  tuhe.  If  thin  he  closed  8t>  aa  just  to  permit  a  small  aperture  of  communica- 
tioti  to  renniii*,  the  pukatiie  vibrations  no  longer  appear,  and  the  apparatus  indi- 
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cates  the  inmu  preMure,  By  tli*'  term  jmim  preimire  is  meant  the  limit  of  pressure, 
above  ami  below  whicli  the  oscillations  i><3curring  in  mi  ordinary  blood-prftssure* 
traeing  mnge.     [Brietly,  it  i.^  the  average  elevation  of  the  mi?reurial  ruin  inn.] 

In  a  blood-pressure  tracsing,  sneh  as  fig.  115,  each  of  the  imaller  waves  corre- 
spmnils  to  a  heart-beat,  the  asicent  eor- 
respopiiH  U)  thr  syst* ilr,  and  tlic  descent 
to  the  diastr^le.  The  large  undnla- 
tioas  are  due  to  the  respiratory  move- 
ments. It  i«  clear  that  the  heart-heat 
is  expressed  as  a  sini|)le  risf  and  fall 
(tig.  115),  so  tliat  the  curve  of  the 
heart-be<it  obtained  with  a  mercurial 
kymograjih  diil'er^  fruni  a  spliygmo- 
graphic  curve. 

[FauLta  of  a  Mercurial  Manometer. — A 
perfect  recording  histraTiieiit  oii^ht  to  iiifii- 
cate  thi;  hf^ight  of  tlic  blawl^  press  are,  ami 
also  the  sixe^  form,  Aiid  daratiuii  of  any 
wave-motion  comTrmiiicate<i  to  it  TJie  niei  - 
turtal  manometer  doea  not  give  tlie  triu*  form 
of  tlio  pulw- wave^  as  the  tnerenry,  when  onee 
»et  in  motion,  execiitf  ?*  vibmtioiiH  of  lU  own, 
owing  to  ila  great  itiiirtia,  aad  thna  the  Huer 
iQOVementH  of  the  jailrte-wave  are  lost,  Henee 
a  mercurial  kynio^ajjh  in  ns«d  for  registcriTi^ 
the  bhxKl-prejs-Hiue,  and  not  for  obtaining  tlie 
€Xii^t  form  of  the  pulse -wave.  I  nstru  mentis 
with  lesa  inertia,  and  with  ao  vibrations 
peeuliur  to  theraselvea,  are  reqiuretj  for  this 
fjurpo^e.] 

[MethtMl  of  measuring  the  Blood- Preaaiire^ 
—Expose  the  earotid  of  a  I'hlorallsed  rabbit, 
aud  isolate  a  poi  tioii  Qt  the  ve*jijel  betwe(?n 
two  ligatureji^.  ilake  an  t»bli(pie  sHt  in  the 
artery,  and  kilo  it  tie  a  straight  glass  can- 
nula, direeting  the  iHiinted  end  of  the  can- 
nula towarcts  the  heart.  Fill  the  can  mi  la 
witb  a  baturatM  solution  of  stKlium  car- 
bomite,  taking  care  that  no  air-biil^Weswnter, 
and  Lotineet  it  with  the  lead  tube  which  gocjs 
to   the   ascending  limb  of  the   manometer 


Fig.  111. 

Lad  Whig's  improved  revolviug  ey  Under,  11^  moved 
by  the  eloek-work  in  tli^  Ixjx  A,  and  regtikte<^ 
by  a  Foucault's  regulator  place<l  on  the  top  of 
the  1k)x.  The  disc,  />,  moved  by  the  eloi'k- 
work»  presseii  upon  the  wheel,  ?i,  which  can  Iw 
ToXmd  or  lowerm  by  the  aerew,  L,  thus  alter- 
ing the  position  of  n  ojj  I),  so  aa  to  cau»e  tlie 
cylinder  to  rotate  at  dilFerent  rate^.  The 
cylinder  itself  can  be  raiited  by  turning  tlw 
handle,  U.  On  the  left  side  of  the  figure  Lh  a 
mercurial  manometer.  When  the  cylimler  is 
med,  it  is  covered  with  smoketl  smooth  paper. 


The  tube  whieh  connects  the  artery  with  the  manometer  ttiuat  be  Hotible  and  yet  inelasticj  and 
a  lead  tidie  is  bent.  It  is  UHual  to  connect  a  pressure- bottle,  contain i tig  a  saturated  Bolution  of 
sodium  cArbonate.  by  nieanti  of  au  elastic  tube,  with  the  tube  attached  to  the  manouieter-  This 
bottle  can  I*  niiMed  or  lowered.  Before  beginning  the  cxjierimeut,  rai«e  tlie  ]Tresanre-hottle 
until  there  ia  a  itmiih'c  pressure  of  mercury  in  the  manometer  about  e^jual  to  the  estimated  blowl- 
preswure^  and  tneu  clamp  the  tube  of  the  pressure- bottle  where  it  joins  the  lead  tube.  This 
positive  pressure  prevents  the  eaeane  of  blood  from  the  artery  into  the  solution  of  sodium 
carlxrnate.  When  all  ih  reitdy,  the  ligature  on  the  cardutx^  side  of  the  Latiimla  ia  removed,  ami 
innueiliately  the  float  begins  to  os4::illate  and  inscribe  its  movements  u[>ou  the  reeonliug  surfaee. 
Tlie  tlui<l  within  the  artety  exertsi  pressure  latterly  u[xiD  the  sodium  carbonate  jiolutiou,  ami 
this  in  turn  traiijimit^  it  to  the  mercury.  Albnuiosi'S,  when  injected  into  the  hloixl,  keep  it  from 
coagulating  (p.  M\.     Roy  findn  that  oil  may  take  the  plivee  of  sotlic  CArbonate.] 

[Frecautloiis.  —  In  takinj;  a  blofKi-presHure-tracingj  after  seeing  that  the  ap[uiratUB  ifl  perfect^ 
care  must  be  taken  that  the  animal  m  perf«H.tly  quiescent,  ajj  every  movement  causes  a  rise  of 
blood -premium  re.  This  may  be  setniied  by  giving  curare  and  keeping  up  artificial  rfspiration,  or 
by  tbe  carefully  reguUttcd  itdialation  of  etlier.  When  a  drug  Is  U>  be  iidecteil  to  test  its  action, 
if  it  lie  introduced  into  the  jugular  vein  it  is  apt  to  alFeot  the  heart  directly.  This  may  Iw 
avoided  by  injecting  it  into  a  vein  of  the  leg,  or  under  tbe  skiti.  Tbe  solution  of  the  drug 
must  not  contain  jmrticles  wbich  will  block  up  tbe  cupillaiies.  Care  should  also  bo  taken  that 
the  carbonate  of  »oda  does  not  flow  bat  k  into  tbe  arteiy.] 

[ContinuouA  Tracing.  ^Wheii  we  have  wcasion  to  take  a  tracing  for  any  length  of  time,  it 
must  be  written  upon  a  strip  of  paper  whieh  iB  moved  at  a  uniform  rate  in  front  of  the  writing- 
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style  oil  tiie  float  (fig.  113).  Various  arrttngetut'tits  are  employeti  for  tlik  purpose,  but  it  i» 
usual  to  cause  a  t^yliiider  in  revolve,  so  as  to  uTiTold  a  roll  of  jMiper  placed  on  a  movable  bobbttJ. 
Ah  the  t'yliiid<?r  revolveSj  it  ^jradiiallv  winds  olf  the  strip  of  pajKT,  wliicli  is  kejit  Applies!  to  the 
revolviitg  Nurface  b)'  ivon'  friction -wli eels.  In  Heriu^'a  eoTii[>lieutiMi  kymograph  a  long  strip  of 
aiuoked  iviper  h  used.  The  writing-Jityle  may  consist  nfa  sable  hiiiBli,  or  a  fioe  glass  j:>en  filled 
with  aniline  Une  dissolvitl  in  wnU'r,  to  whith  a  little  aloohol  and  ii^lycenn  are  added.] 

[In  order  to  measure  the  height  of  the  pressure,  we  uni^t  know  thf^  position  of  the  ftbflcina 
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Fig.  115. 

Bloocl- pressure  curve  of  tlie  carotid  of  a  dog  obtained  with  a  luereurial  manometer,  0 — a-«liiie 
of  no  jiressure,  zero  Iine»  or  abstrissa;  ?/— i/  h  the  bhxwl-i pressure- tim-ing  with  sniall  wavea, 
eaeh  one  eayse^l  by  a  lieart-beatj  and  the  kr^e  waves  due  to  tlie  reK[>iratiou.  A  niilliiii^tre 
scale  shows  the  Leight  of  the  pressure  iu  millimetresj  of  mercurj', 

or  line  of  no  pressure,  and  it  may  be  reconled  at  the  same  time  as  tlie  blooti- pressure,  or  after- 
wards, III  fig,  115  0 — u-  is  the  zerodino  or  ttic  aViMissJij  and  tlitj  height  of  the  vertical  lines  or 
ordinfttefl  may  be  mcasnrctl  by  tiie  millimetre  j-eale  on  the  left  of  the  tigure.  The  heiglit  of  the 
Mood.pres.Hure  16  obtained  by  drjiwing  orcii nates  from  the  curve  to  the  abseiitsji,  mea^uiing  their 
length,  iiud  multiplying  by" two*] 

(5)  Spring  Kymograph.— A.  Fick  (1864)  uses  a  boDow  sprmg-kymograph  on 
the  principle  of  lloutdoiis  rDaiiometer  (fig.  113,  11). 

A  hollow  Cshai>ed  metallic  sfniog,  F,  in  fillefl  witli  alcohol.  One  end  of  the  hollow  spring 
iseloseil,  and  tlie  other  end^  covered  by  a  niembrane,  is  brought  into  eonnection  with  a  blood- 
vestiel  by  a  jniMtioii  piece  filled  with  a  i*olution  of  aodiuui  carbonate.  As  soon  ah  the  com- 
mutiieation  with  the  artery  is  ojK^ned,  the  pressure  rises,  and  the  spring,  of  course,  tenda  to 
straighten  itwif.  To  the  elosed  end,  ft,  there  is  hxed  a  vertical  rml  attached  to  a  series  of  levei^, 
A,  I,  i\  Cf  one  of  whicli  wnte,'i  its  movements  u|ion  a  surface  moving  at  a  uniform  rate.  The 
bIoo*l'presMure  and  the  periwlic  variationa  of  the  pulse  are  both  recorded,  although  the  latter  ia 
not  done  with  aljsolnte  accuracy. 

[Hering  im|>rovefI  Fick's  instninient  (fig.  116).  The  hollow  spring  filled  with  alcohol 
communicateK  at  a  with  the  k*ad  tul>e,  rf,  pasiiing  lo  the  eannula  in  the  artery.  To  c  i« 
attached  a  series  of  light  wooden  levers  with  a  writing-style,  5.  The  lower  mrt  of  4  di^is  into 
a  vessel,  c,  filled  with  oil  or  glycerin,  w^hiih  nerves  to  damp  the  vibrationH  of  the  kvei-s^.  At/ 
is  a  syringe  conimunicating  wifh  tlie  tube,  (/,  filksl  >vith  a  solution  of  soditt  carbonate^  and  u*ed 
for  regulating  the  amount  of  tluid  in  tlie  tnl>c  connecting  the  tnanometer  with  the  blood- veaseU 
The  whole  aii[mi-atus  can  be  raised  or  lowen^d  on  the  toothed  rod,  A,  by  means  of  the  millhead 
Dppotiite,  g,  to  which  all  the  parts  of  the  ap|iarati]s  are  attached.] 
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(6)  Pick's  Flat  Spring-KymogrBplL —The  narrow  tube,  a,  a  (1  mm.  cliaiiu)  in  placed  in  con- 
neLtioii  with  it  blood-vessel  l«y  means  of  tlie  eauiiiila,  (.;  and  <iver  its  v«?rtical  expanded  end,  A, 
iH  KxL'd  a  caoutcboiic  membraue,  with  n.  projecting  point,  a,  which  pressca  ugftinat  a  horizontal 
spring,  F,  joined  to  a  wTiting-lcvcr^ 
h,hy  an  intermediate  piece,  b.    The 
ivhule  is  beld  in  the  metallic  frame^ 
R  R  (Hg.  117).     In  order  to  cslimute 
the  abHohite  ]ireiiHnre,  the  in.struinent 
miwt  be  cointmred  [(revioualy  with  a 
mercurial  tnantnneten 

(B)  In  man  the  blootl-pres* 
surt^  may  l>e  estLHinttHl  l>y  iiR'aiiji 
of— (1)  a  properly  graduated 
ftphygmograpli  ii  67)v  The 
j»ressiMe  rrs^uirfd  to  abolish  tlie 
inovi  ineiit  of  the  levor  indicates 
approxiiiuitidy  the  ^aseuiur  Wn- 
sioa.  The  iiieaii  >(hxHl-pre8siire 
in  the  radial  artery  is  equal  to 
550  grams. 

(2)  Sphyi^momanometer  of 
V,  Basch. — A  e4i]i.<tile  contain- 
ijtg  duiil  Wfirf  piaeeil  U[>on  u 
pulsating     artery,     while     thti 

cap^inle     itself     eomnninit'ateil  r-     ^i/. 

with    a    me  re  u  rial    nianonieter.        .,,  ,  .   ^    .      , 

A.H  soon  as  the   pre.ssure  within        ^''^  '  ^1^'"^"*^'  Manometer,  hs  improved  by  Hermg. 
the  manoiijeter  H/itjhUy  ej'ceed**d  that  witinn  the  artery,  the  artery  was  compressed 
so  that  a  8phygniograph  ]daced  on  a  perijdieral  portion  of  the  vessel  ceased  to 
heat.     Kotli  arrangements  do  not  give  tJie  cxttct  pr^s^nre  within  the  artery;  they 
only     indicate     tlie     pretvsure 
which  m  recjuired  to  compress 
the  artery  uml   the  overlying 
soft   partH.     Tlie    pressure    n;- 
*[uired  to  eoni press  the  walls  f*f 
an   eni[)ty  artery,  however,   is 
\it\:y  small  e^omf tared  with  the 

H 

Fig.  117. 
Fick'«  Flat  Spring  Kyniogiaph. 

hlootl-presj^nrc.     It  is  only  i  mm.  Hg.     Y.  Basch  estimated  the  pressure  in  tho 
radial  artery  of  a  healthy  man  to  he  135  to  165  millimetres  of  mercury, 

VariaticmB. — tn  children  tlie  bloixl-preasnre  increases  with  age,  height,  and  weight.  In  the 
8Uj)erlitittl  temporal  artery,  at  2  to  3  yeai-s,  it  is  -  97  min.  ;  V2  to  13  years,  113  mm,  Hg 
(A.  Eckert^  c.  §  100).  The  blood -pressure  is  raised  immediately  after  bodily  movementB  ;  it  is 
higher  wbeu  a  yvei-son  is  in  the  horizontal  jmsition  than  vchen  sitting,  and  in  sitting  than  in 
standmg.  After  a  cold  as  ucU  as  after  a  v  ana  bath,  the  tirst  elfei-t  is  an  jnLTcaae  of  blood- 
pressure  and  of  the  qnanlity  of  nrine. 

86,  BLOOD'PEESSUEE  IIT  TKE  ARTERIES,— The  following  results  have 
heen  obtained  l>y  exi^eriment  on  syetemio  arteries  ;*— 

(a)  Mean  Blood-Presaiire,— The  hlood-jiressure  Is  very  considerahle,  varving 
within  pretty  wqde  limits  ;  iji  the  large  arteries  of  large  mammals,  ami  perhaps 
in  man,  it=  140  to  100  millimetres  [5-4  to  6 "4  imdn^s]  of  a  mercurial  eoluinn. 
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Tbe  following  results  have  been  obtained  ^  thot»e  marked  thus  *  by  Poiseuille^  and  tbosc  +  by 
Volkmana  i — 


*  Carotid,  Horse  Idl  tnni. 


122to2Hmra. 
Dog,  Ifil  mm. 

,,     130  to  190  mm,  [liiffrnff). 
Goat,  118  to  135  mm. 
Rabbit,  90  mm. 


-f  Carotid,  Fowl,  88  to  171  mm. 

-t  Aorta  of  Frog,  22  to  29  mm. 

+  Gill  Artery  of  Pike,  35  to  84  mm. 

Brachial  artery  of  Man  during  an  opera- 
tion, 110  to  120  mm.  {Fah^e).  Per- 
ha[>s  too  low  owing  to  the  injury. 


I 


E.  Albert  etftiuiatcd  the  blood -pressure  by  means  of  a  mauometer,  placed  iu  conuvctioo  witli 
tbe  anterior  tibial  artery  of  a  boy  wha^e  leg  was  to  be  amputated,  to  be  100  to  ItJO  mtn.  Hg. 
The  elevation  with  each  jiuise-bertt  was  17  to  20  mm.;  coughing  mised  it  to  2U  or  30  mm.; 
tight  bandagiiij^  of  the  healtliy  leg,  15  mm.;  whilfl  im&iive  elevation  of  the  boily,  mhereby  th© 
hydrostatic  action  of  the  colnoiu  of  bloojl  was  brought  into  play,  raised  it  40  mm. 

The  pressure  in  the  aorta  of  mammals  varies  from  200  to  250  mm.  Hg.  As  a  general  ride, 
the  blood' prejtsure  iu  large  animals  h  higher  than  in  ainall  animals,  becauHe  in  the  f'onner  the 
blood'Chaunel  is  ctui»iderably  longer,  and  there  in  a  grmter  resistance  to  be  overcome.  In  very 
young  and  in  very  old  animals  tbe  pressure  is  lower  than  iu  individuals  in  the  prime  of  life. 

The  arterial  pressure  in  the  fcattiB  h  scarcely  half  that  of  the  newly  born,  while  the  venous 

tuej4BUre  is  higher,  thfi  ditfercuce  of  pressure  between  arterial  and  venoun  bloud  being  scarcely 
talf  iM»  great  as  iu  ad  nit  animals  {Cohitsikm  and  Zmd'). 

The  arterial  blood-praiaure  is  highest  in  the  aoitnii,  ami  fulls  U^wurdti  tbe 
smaller  vessels,  but  the  fitll  irf  very  gmduul,  ns  jnlmwii  iti  fig.  118.    A  great  fall  Uikeij 

e^f>..,.. place  on  jmasiiiji;  from  tbf  arcu  of  the 

art'tTiolps  into  tlie  capillary  area  (C), 
while  it  is  less  in  the  venoii.s  area, 
and  negative  in  the  veins  near  the 
heart,  as  iinHeatt:4  ill  the  dott*Ml  line 
j>aH.sing  beb:>w  tbe  ah.9cis8a,  so  that 
the  pressure  is  lowest  in  the  canliae 
i^nds  of  tiie  venae  cavsB  (compare 
Kg.  124). 

{h)  Braaetung  of  the  Blood- 
Vessels. — Within  the  large  arteries 
the  hbxKbpresaure  diiuinishes  rela- 
tively little  a.s  we  pa8,s  to  want  the 
pcripliery,  l>ecause  the  difference  of 
the  re^i^tance  in  the  ditferent  sections  of  large  tube^  i«  very  small  As  si*on, 
however,  as  the  arteries  begin  ki  divide  fre<jueTitly,  and  undergo  a  eoimiderable 
(limination  in  their  hiiiien,  the  hi 01  hI- pressure  in  them  rapidly  diminishes  because 
the  propelling  enorgy  of  the  1dood  m  much  weakened  ^  owing  to  the  resistance* 
w^liich  it  has  to  overcome  (%  99}» 

(c)  Amount  of  Blood. — Tlie  hloot!-pressm*e   is  increased  with  greater  fiiUng  of 
the  arteries,  ami  vkf  verm  ;  hence  it 

Decr^asas. 

During  diminished  and  enfeebled  action 
o!  tlie  heart : 

In  antemic  fiersons  ; 

After  hitmorrhage  or  considerable  excre- 
tions from  tbe  blood  by  sweating,  the 
urine,  severe  diarrhrea. 


H 


_£r. 

C 

Fig.  118. 


Scheme  of  the  bloml- pressure,  iu  A,  tbe  arteries  ; 
C,  capillaries,  and  \,  veins  ;  0-0  is  the  abscissa 
or  line  of  no  pressure;  L. V.,  left  ven trifle,  and 
B,A.,  right  auricle  ;  B.?.,  the  height  of  the  blood- 
pressure. 


Increanea, 

1,  With  increased  and    accelerated   action 
of  the  heart  ; 

2.  In  pdethoric  (lersons  ; 
Z,   After  a  very  considerable  increase  of  the 

fjuantity  of  bltKnl  by  direct  trausfusion, 
or  after  a  copious  meal. 

The  blood  iiressure  doefl  not  vary  in  the  same  proportion  as  the  variations  in  the  amount  of 
bltMjd,  The  vascular  system,  in  virtue  of  its  muscular  tissue,  has  tbe  property,  within  liberally 
wide  limiLs,  of  accommodating  itself  to  larger  or  smaller  quantities  of  blood  (C.  Lmdiriif  and 
Worm  MiUhfi  §  102,  d).  fin  fact,  a  large  amount  of  bhxKl  may  be  transfused  without  uiateri- 
ally  raising  the  hl(io<b press tu^.  Small  and  mfulerate  tuBinorrhiikses  (iu  tlie  dog  to  2  8  per  cent, 
of  the  bod  y>  weight)  have  no  obvious  effect  on  the  blood -pressure.  After  a  slight  loss  of  blood 
the  pressure  may  even  rise  (  Womx  MutUr).  If  a  large  amount  of  blootl  be  wiUidrawu,  it  causes 
a  gieat  fall  of  the  bbxidpre^siu'e,  and  when  hiemorrhage  occurs  to  4-6  ]»er  cent,  of  tbe  body- 
weight,  tbe  blood ■pressute-  0.     The  ttanafuBioii  of  a  mvderaU  amount  of  blood  does  not  raise 
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the  itiean  arterial  bloocl -pressure.  There  are  important  pmoticAl  dwluctions  from  these  experi- 
ments, viz.,  that  the  iirtenal  blocx]-(»ressure  caimot  be  aiininiiiUod  directly  by  moderate  blood- 
letting, and  that  the  blocKi-prp*istire  h  not  necesimrily  high  in  pletliorie  persons,] 

(fl)  Capacity  of  the  Vesaela. — The  arterial  pressure  rises  when  the  capacity  of 
the  iirLiniiil  systeni  is  diuiiiiipshed,  and  conversely.  The  eireiilarly-ilisposed  smooth 
inujienlar  fibre??  of  the  arteries  are  the  chief  agents  concerne4  in  this  jjrocess. 
Wien  they  relax,  the  art-erial  1  diKKl-pressnre  fiilKs  and  when  they  contract,  it  rises. 
These  actions  of  muscnlar  tiJires  are  controlled  und  regohited  hy  the  action  of  the 
vasoinotur  m-rve.^  fS  371). 

(e)  Collateral  Vessels. ^ — ^Tlie  arterial  pressnre  within  a^it^en  areu  of  the  vascular 
systtni  must  ri'^e  or  fall  acconliiig  ii^  the  tie ighhou ring  areas  are  diniitiishe<lj  whetlicr 
hy  the  application  of  pressure,  or  a  ligature,  or  are  rendered  impervious,  or  as  these 
iWGivi  dilates  The  application  of  cold  or  waniith  t^  limited  areiis  of  the  l>otlv — in- 
rTeasitig  or  diminishing  the  atmosiduM'ic  pressure  on  a  part^ — the  [taralysis  orsthnu 
lation  of  certain  va^soniotor  areas  all  prodtice  remarkaldc  variations  in  tlie  hlood- 
pressure  (g  371).  [The  effect  of  dilatation  of  a  large  vascular  area  rm  the  arterial 
pressure  is  ^vell  shown  by  what  happens  when  the  blood-vessels  of  the  abdomen  are 
1 1  dated.  i>ivide  l>oth  vagi  in  the  neck  of  a  ralihit  and  stimulate  the  c6Etral  end  of 
the  Buperior  CEtrdiac  liraneh  of  the  vagus  or  depressor  nerve ;  after  a  few  seconds 
the  Idooil- vessels  of  tfie  abdomen  dilate,  and  graduidly  then?  is  a  steady  fall  of  the 
blood -pressure    in   the   systemic   arteries.     Fig.    119  is   a   blooil-pre^siire  tracing 

b 


Kyiiioi^'aphic  traeinj^^  fihowing  the  effett  on  the  hi ooil -pressure  of  stimulation  of  the  eeiitral  end 
of  the  depresHor  nerve  in  the  rabbit  after  WMjtmn  of  both  vagi  iu  the  neck.  Stimidation 
began  at  a  and  ended  at  b  j  o-x,  the  abscissa. 

showing  the  height  of  the  hlood-pressure  before  stimulation,  a.  The  stimulation 
w^as  contjuned  from  a  to  h,  and  after  a  rather  long  htient  period  there  is  a  steady 
fall  of  the  blood'pressnrt^ 

(/)  Respiratory  ITndulations. — The  art«:'rial  presvStire  also  uuilergoes  regular 
variations  or  undulations  owing  to  the  respiratory  iiiovements.  These  undulations 
are  called  reHpirafort/  unihlafifjm  (Hgs.  115,  119,  120),  Stated  broadly^  on  the 
whole,  during  inspiration  the  blood- pressure  rises,  and  during  expiration  it  falls 
(g  74).  This  is  not  strictly  correct.  These  lujdulations  may  be  explained  by  the 
fact  that,  with  every  cxidration,  the  hlood  in  the  aorta  is  subject*Hl  to  an  increase 
of  pressure  through  the  compressed  air  in  the  chest ;  witti  every  inspiration,  on  the 
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Other  IuuilI,  it  is  diminidlied  owing  to  the  rarr'fMctiou  of  the  air  in  th«^  lungs  acting 
ui«in  th*^  aorta,  Iksidtfs,  tliL^  in8|>init^jry  niovinncnts  of  thi^i  chest  a>^jiiratf*  hl<MMl 
from  thi?  Vfiua?  v.avm  towards  the  heart,  while  C'X[firation  retanls  it,  mid  tlnus 
inflni'nces  the  hlood-pressnn?.  Tlic  nmluljitionH  are  most  marked  in  the  arteries 
lyitig  nearest  to  tlie  heart.  The  respiratory  undulations  are  due  in  part  to  a 
stimulation  or  condition  of  exeitemeut  of  the  va,so-mot^>r  centre,  wliieh  runs  paraUel 
with  the  respiratr>ry  movements,  Thii*  stiiuvdation  of  the  vaso-motor  eentre  causes 
tin?  arterie.^  U*  eontraet^  and  thus  the  hlood-iu'essure  is  raised.  The  variations  in 
the  pres,snre  which  de|>entl  npoii  a  varying  activity  of  the  viuso-motor  centre  ar** 
known  as  the  "curves  of  Trauhe  and  Hering.*'     Fig,  120  shows  the  <'arotid  hlrnxl- 


Fig.  120, 

Carotid  bluodpiossur"-!  trai'iag  of  dog  ;  vagi  not  divided  ;  I^inspiratiou.     E  =  expiration 

{Slirling}. 

pressure  tracing  of  a  dog.  In  this  curvej  when  ms[*imtion  l>egins  (1)  the  Idtuxl- 
pressure  is  slill  falling  slightly^  but  gradually  rises  nntil  it  reaches  \U  maximum 
shortly  after  the  heginning  of  expiration  (E).  [The  maxima  and  minima  of  the 
resjiiratory  and  blotxl-prcssure  curves  do  not  coincide  exactly,  but  in  adihtion  the 
nnmfjer  of  pulse-heats  Ls  greater  iu  the  ascent  than  in  the  descent.  This  is  well 
marked  in  a  hlood-pr ensure  tracing  from  a  dogs  carotid  (fig.  120)  whiJe  in  a  rabbit 
t!iia  diflerence  of  the  pulse-rate  is  but  slightly  marked  (fig.  119),  The  smaller 
number  of  pulse-heats  during  the  descent,  i.e.,  dmnng  the  gitmter  part  of  expiration, 
is  due  to  the  activity  of  the  canlio-inhibitory  centre  in  the  medulla  oldongaUi. 
This  is  proved  by  the  fact  that  section  of  both  vagi  in  the  dog  causes  the  ditfercnee 
of  pulse-rate  to  disapjiear,  wliile  other  conditions  remain  tlu^  same  aslx-fore,  except 
that  the  heart  beats  more  ra[iidly.  It  would  seem  that,  during  tJie  ascent,  the 
canlio-inhiliitory  centrt!  is  comparatively  inactive.  It  is  clear,  therefore,  that  the 
respiratorf  and  cardlo-uihibitary  centres  in  the  medulla  ohlongaUi  act  to  a 
crrtain  extent  in  unisoUj  so  tliat  it  is  reasonable  to  supjMise  that  other  centres 
situated  in  close?  prL»xiimty  to  these  may  aUu  act  in  unison  with  them,  or,  as  it '^vere, 
"  in  sympathy. '^  As  alreiidy  stated,  the  TrasO-BiOtor  centre  is  iflso  in  action  during 
a  particular  part  of  the  tinje,] 

[If  a  dog  lie  curariserl  an*l  artificial  respiration  estalilisle'd,  the  re^fHrntor)' 
undulatioiLs  still  occuFj  although  in  a  nnjilified  form.  In  artificial  respiration, 
the  inechaniml  comhtions,  as  regsirds  the  intra-thoracic  pre^ssure,  are  exactly  the 
reverse  of  those  ^vluch  obtain  during  ordinary  respiration.  Air  is  forced  into  the 
chest  during  artificial  respiration,  so  that  the  prt^ssure  wdthin  the  chest  is  increased 
during  insj>iration,  while  in  onlinary  ins|)iration  the  pressure  is  dimimshed.  Thus, 
the  same  mechanical  explanation  wilt  not  suffice  for  both  cuises.] 

If  the  artificial  respiration  Ik"  suddenly  interrupted  in  a  curarised  animal,  the  blood- 
presaun?  rises  steadily  and  r;i[>idly.  This  rise  is  due  to  the  stimulation  of  the 
vasomotor  centre  in  t!ie  inedtilla  oblongata  hy  the  impure  blooth  This  ciiuses 
contraction  of  the  small  arteries  throughout  the  body,  which  retanls  the  outflow 
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frdm  tliL'  large  arterif^R,  fnul  thus  the  |>roi*siiro  within  them  is  Taisp<L 
!»n>atlly,  the  artcriiil  prcssunj  flependstm  th*'  central  organ  -tin*  heart,  and  oti  tho 
coiulitioii  of  t!ie  peripheral  organe — tho  umall  arteries-  Ik ith  mv  intluoneed  by 
the  iicrvLHis  ^VisU'in.  If  the  at-tion  of  the  vaso-njrvtur  eriitre  1k:^  ehmiuated  by 
dividing  the  spinal  eonl  in  the  ccrvitiil  region,  urretit  ui  tfie  respimtinn  causes  a 
x^vy  i^light  v'm^  oi  tlie  Ijluod-piesHure  ;  heute,  it  i^  evident  that  veiiuns  blood  acts 
hut  slightly  on  the  heart,  or  on  any  h^eal  penplieral  nervouii  nie*."haniH!n,  or  on  the 
iiniscnlar  til  uv-s  of  the  arteries^.  Tim  exiHirimeiit  shows  that  it  is  the  vaso-motur 
centre  wliirh  i«  sp+^eiidly  aeted  up<Jii  by  the  venous  blocMb] 

[Traube-HeriBg  CurveB."Tbe  following  experiment  proves  tlmt  the  varying 
activity  of  thc^  vasoinotor  4!entre  svilbee!^  to  pnKluee  undulations  in  the  hlood- 
pressnre  tracing.  In  a  eurari^ed  ilog  ex]>ose  lH>th  vagi ;  establish  artificial 
respimtion  ;  and  estiinate  the  hloo*  I- press  tire  in  the  canitid.  After  section  of  the 
vagi,  the  heart  will  heat  more  nipidly,  but  it  will  Ix^  undisturbed  by  the  eardio- 
iulul>itory  centre.  Thus  the  cenind  factor  in  the  ciiusation  of  tlie  l)hxid-[ir<.-s.suro 
reniaius  constant.  Suildenly  interrupt  the  res[aration»  and,  ivs  already  stated,  tho 
blood -pressure  will  rise  steadily  and  uidforndy,  owing  to  the  stimulation  of  tlio 
VJVso-UKitor  e(.'ntre  liy  the  veiitais  bhwd.  In  this  cjLse  the  jLJerZ/jAera/ factor^  or  state 
of  tension  of  tlu'  small  arteries  throughout  tlu^  Ijody,  is  inflnenecd  by  tlje  condition 
of  the  nerve-centre,  w^lu'eh  controls  their  aLtii>n,  Aftrr  a  time,  the  blocHbpressure 
tracing  sliows  a  series  of  bohl  curves  highi-r  than  the  original  tracing.  These  can 
only  be  due  to  an  altenititai  in  the  state  of  the  small  arteries,  brought  about  by  a 
condition  of  rhythiuieal  aLtivity  of  the  vaso-motor  centre.  These  curves  were 
described  and  hgured  Ijy  Traube,  and  are  called  the  Traube  or  Traul>e- lie  ring 
curves.  As  in  other  eon^litions,  stimulation  causers  exhaustion^  and  soon  the  venous 
bhitxl  paralyst?s  the  vaso-mot<>r  centre,  ami  the  small  arteries  relax,  lilond  flows 
freely  *:iut  of  the  larger  arteries,  and  the  })lo(Hl-(>ressure  rapidly  sinks,  ^"ariatioili^ 
in  the  lilood-pressurc^  have  been  ol)served  aft+T  a  mechanical  pump  has  been 
substituted  for  the  heart,  i.e.,  after  all  respirattuy  nioveiueuts  have  been  set 
asitle^  so  that  the  only  far  tor  whicli  wouhl  account  for  the  idienomena  of  the  Traube- 
Hering  curves  is  tJie  variation  in  the  periplieml  resistunee  m  the  small  artoricH, 
determined  by  the  conditii>n  in  the  VivsL^motor  eentre.] 

Yariationa.  — Thi?  re^piratoiy  iindidatifnis  of  the  hloml-]>reHaurt  hecome  move  proaoaiiecd  the 
gieiiter  the  force  of  the  rej^pimtioiiH,  wliith  prmluce  ^intpr  variations  of  tlie  in tm- thoracic 
prciiHtirc.  la  man,  the  diniiinition  of  the  pressure  within  the  tracfae&  is  1  iniu.  Hg.  daiing 
t  rant)  uiliiispi  ratio  II,  whih  daring  forced  n'spinitiuo,  wheu  the  respiratory  {Miaaage  i»  closed,  it 
may  be  57  niai.  Convt'rMely^  thuiiig  ordiiiftry  expiration,  the  pressare  ia  iticreoHwl  within  the 
trachea  2-3  mm.  Eg,  while  duriag  forced  expiration,  owing  to  tfit^  ^^oEoprcsaion  of  the  ahdomlnal 
raascles,  it  tiiay  rciu-h  87  mm,  Hg. 

Other  Factors. — The  increaHe  of  tho  hlwHbprcsaure  daring  inspiration.  a8  well  as  tlie  fall 
during  exi>iration,  mast  in  part  depend  npoii  the  prcssine  within  the  alHlomea,  As  the  dia- 
phragm desceadn  during  iuHpiration,  it  preasen  upon  thf  alKlominal  contentj*,  including  the 
abdominal  vessels,  whcrchy  the  blofjd- prevail  re  ninst  I*  iiajreajw^d.  The  reverse  effect  occura 
daring  exjaration  {Schirtiuhiirfj).  [Section  of  both  phrenic  iierven  and  o wrung  of  the  alxlomiaal 
cavity  cause  the  respiratory  undulations  almost  entirely  to  diiiapiK'ar.  The  respiratory  undula- 
tion!*, therefore,  dejHind  in  great  part  upon  the  changes  of  the  iiWlomiual  nressnr^  ami  the  ert"et!t 
of  th esse  changes  on  the  amount  of  blwxl  in  the  abdominal  V(^sael8.  ^\  hen  making  a  Idood- 
pressure  experiment,  presi^unj  upon  the  aUlomuu  of  the  animal  with  the  baud  caus&s  the  blood- 
preiware  to  ri^e  rajiidlyd 

Kronecker  and  Heinricius  ascribe  the  uiidulationa  to  mechanical  causes,  and  as  due  to  the 
ttimultatieoUH  compression  of  the  heart  hy  the  lungs  during  respii'ation.  Everything  which 
hiiiders  the  diastok  of  th*i  heart  diminishcji  the  hrootf-pres»ure.  As  i^noti,  thfrefore,  as  the 
lUDga  during  inspiration  have  become  distended  so  far  as  to  compresw  the  heart,  the  diastob  is 
affected,  and  thereby  a  decivase  in  the  blood -pressure  of  the  aorta  is  IjTought  aijout.  Ah  soon 
aa  air  pasMitt  out  of  the  lungs,  antl  the  latter  retract,  the  heart  becomea  fuller  and  the 
arterial  pressure  nW^* 

(f/)  T&nations  witll  each  Pulse-Beat — The  mean  urteriid  pressure  uiMtcrgoes 
a  variation   with  each   brart-lirat  or  puli^-heaf^  aiusing  the  so-called   pillsatoiy 
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undulations  (tig.  120).  The  mass  uf  IiIocmI  fuicoii  iiit<t  th*'  iirteFies  with  «xch 
ventricular  systtjle  causes  a  jiositivc  wave  ami  an  incre^'^e  fpf  the  |uressure  eorre- 
8p>mling  with  it,  which  of  course  correspoutls  in  it**  ilevelopuuMit  and  in  its  fi>mi 
with  the  pulse-curvT. 

In  thfi  large  arteri<?s  Volkmaiiii  fowiiil  the  incrcuse  during  tlie  Ijeart-ls'eat  to  he  -^xHr  (hoi*se) 
and  jV  (dog)  of  the  total  preftsiirt^. 

Noiu'  of  the  apparataa  dciicHbod  in  g  84  |^vea  an  exact  reprcacntAtion  of  the  pulae-curve. 
They  all  show  simply  a  risi^  and  fiill.  a  fiimiik  curve.  The  s|vhy^iM)graj>h  alone  ^vtm  a  true 
expression  of  the  nndnlations  in  tlie  ^dood-pressure  which  arc  due  to  tho  hcart-hcat 

.i^(ft)  Arrest  of  the  Heart's  Action. — If  the  hearth  jiction  be  arreKte*!  or  internipte*! 
hy  continue  1 1  stimulation  of  the  vagus,  or  hy  ]iio;h  positive  respimtory  pres^sure, 
the  arterial  hl<MHl-|(rcssiire  fallt^  <'n*>rnioiislyi  wliik^  it  rise^^  in  the  veins  as  the  Idood 
fluwi*  into  them  from  tlie  tateries  to  equilihrate  the  ditrerence  of  jireiisure  in  the  two 
sets  uf  ve^Hseln.  Tliis  experiment  slunvs  tliatH,  even  wlicn  the  ilitfereuee  of  preB«are 
is  ahuiK^t  entirely  set  a.^idr,  tlte  passive  lilnod  jiressrs  ujnin  the  arti^rlal  wallft,  i.e.y 
on  account  i>f  tlie  overfilling  of  the  Idttcid-ves^^elij  a  slight  presj^ure  is  exerted  iiymn 
the  walks,  even  when  there  is  nr»  circulation.  [Aa  aJren<ly  sUited,  the  arterial 
presHure  tlepends  on  the  condition  of  the  central  org^m^ — tlie  heart^ — ^aiul  on  the 
peri|di(^ral  (»rgans— the  small  arteries.  If  the  action  of  the  heart  be  arrc8te<lj  then 
the  blood-jiressure  rapidly  falls.     Fig*  121   shows  the  e fleet  on  the  ldood-]>ressiire 


Blood'preasare  tracing  taken  with  a  mercurial  kyrnogmiih  from  the  carotid  of  a  rabbit, 
(j-j^,  abydssa  ;  8tinnilati<iu  of  vagus  Wgmi  at  n  and  HtopjK'd  at  k 

of  arresting  the  action  of  the  heart  by  stimulation  of  the  peripheral  end  of  the 
vagus  in  a  rabbit.  There  m  a  sudden  fall  of  the  arterial  pressure,  m  shown  by 
the  rapid  fidl  of  the  curve  from  (l] 

[yftriaUouB  in  Animals. — Tlits  pressure  in  the  arterial  system  depends  ujxia  the  balance 
bttvvLen  the  inflow  and  outflow^  i.tr.,  u]x>ti  the  heart  and  the  state  of  the  arterioles.  But  it  h 
to  be  noted  that  the  central  frit- tor,  the  lit-art,  varltss  in  different  aniniala.  In  the  rabbit  the 
heart  normally  beata  rapidly,  bo  that  section  of  the  vagi  dttes  not  cause  any  great  increase  in 
the  number  of  heatn,  nor  h  the  blom!- pressure  tnncli  rat^eii  thereby.  In  the  dog,  on  the  other 
iiaiid,  the  beata  are  considerably  iiioreaaed  by  section  of  the  \&p,  wliile  the  blood- pressure 
ri8ie«  coosidi'rably.  Atropin  pamlvHes  the  tanliac  t^nninatlons  of  the  vagus,  aud  thereby  trebles 
the  number  of  heart -beabi  in  the  clog,  while  it  only  raises  it  *1^  per  cent,  in  the  rablnt  ;  in  man, 
a|;ain,  the  number  may  he  doubled*  As  Branton  has  shown,  this  difference  of  the  initial 
number  of  heart- beats  and  the  action  of  the  vagus  have  im|iortaut  relatioua  to  the  action  of 
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drugs  on  the  blood- pressure.  For  e^ramplBp  i^&nInta4^t  rabbit  be  caused  to  inbale  amyl  nltiite 
tliti  blood'P'reHSure  falls  at  otn'e  and  rapidly,  while  in  the  do^j  the  fall  may  b«  slijiTbt,  Thupulsti 
of  the  dog,  bowevt-r,  i»  greatly  actek^riited,  «o  iimcb  so  as  to  be  nearly  as  rapid  as  that  of  the 
mbbit.  In  both,  the  vessclii  are  dilakd,  hut  iti  tbe  dog,  notwithstanding  this  dilatation,  wbicb 
j»r  S€  would  caiiao  tbe  pressure-  to  fall,  the  beail  of  the  d«g  hi'ata  now  »©  rapidly  aa  to  eom- 
pensate  for  this,  and  tbu«  keejm  tiie  blood-|»rt'HSurc  nearly  normal  ;  while  tht*  increasi'd  mte  of 
D^tii]j{  in  the  rabbit  b  not  auttic]**nt  for  this  puriH>se»  If  the  va^  in  the  dog  be  divided,  tbe 
subserjuent  iuhalation  of  aniyi  ditritt!  causes  a  fall  of  blood -pressure  like  that  iu  the  rahbit 
{Bmnioix).  Fig.  122  shows  that  tlie  arterial  tension  hoa  no  diA:et  relation  to  thw  position  of  au 
animal  in  the  zoological  scale.] 

[Belatioa  of  Blood-Pressure  to  Pulse-Eate.— When  the  blood-pre^ure  rises  in 
an  iutiu't  animaly  «b  w  rule  tlie  piiljyLvnitf  fails,  owiii^:  t<>  Htiimihitiou  of  the  Tamils 
centrt"  incrcnusing  the  euplio -itiliihitory  ai'tioiij 
whil*-^  a  fall  of  l>loiid-|»nis8iire  is  ai  ecuii|>imie(l  liy 
fin  incn^ase  <if  the  nuinhi  r  of  i»uLse-l>eaU  for  the 
opjiowite  reason,  thti  action  of  tlie  niednllary 
eardioinliibitory  centre  being  increast-iL  But 
the  bk»od-pre.'<siire  niay  be  increaseil  either  by 
tbe  aetion  of  the  heart  or  the  arterioles.  If  we 
divide  the  vagi  tbe  puLse  beats  more  quickly, 
and  iu  sonic  animals  the  IiIochI-j pressure  rise«  ; 
in  this  case,  the  ritic  in  the  two  curves  occurs 
together^  and  if  the  vagi  be  stinmlated  there  is  a 
sudden  fall  of  the  blood- pressure,  due  \m  arrest 
of  the  iieai  t's  action,  so  that  again  tlie  two  curves 
are  paralhd.  If  tlie  arterioles  contract  the  bloo<l- 
pressure  rises,  hut  by  and  hy  tbe  pulse  rate  fa  lb, 
owmg  to  tlie  ciinlio-inhibitory  action  of  the 
vagus  ;  while  on  the  otlitT  hand,  if  tire  arterioles 
are  dilated,  the  blooch pressure  falls,  and  the 
heart  lieats  faster.  Thus,  in  both  of  these  tases 
the  pulse-curve  and  hlood-iaT^s.^ure  cvuve  run  iu 
opposite  directions.  Th*'se  results  only  obt^iin 
when  the  vagi  are  intact  {^Bruntmi)?[ 

[Tbe  increase  in  the  pulse -ratt?  and  hlootbpi-essure 
following  section  of  the  vagi  do  not  run  parallel.  Both 
sooner  or  lat^r  reach  a  max  iui  urn,  but  the  b  1 00  I -pressure 
gradually  fallw  to  or  below  the  normal  while  the  pulse- 
rate  reiiiains  above  tht*  ijornial  {MikiizfA).\ 

For  th«  effects  of  the  nervoiui  iystem  ui>od  the  blotnl- 
pre«*jure,  see  §  371. 

Pathological — In  persons  snffmng  from  gran  alar  or 
coutracted  kiducy  and  sclerosis  of  the  arteries,  in  lead- 
poiaoniu^,  and  aft(?r  tbe  injecti<in  of  ergot  in,  which 
ca>UJi^  contraction  of  the  small  arteriea,  it  is  founds  on 
employing  tbe  nietlnxl  of  v.  Baseh,  that  the  bhxKl- 
preaaurc  is  raised.  It  is  also  inert  jised  in  cases  ^if  eardinc 
nypertrophy  with  dilatation,  au<l  by  digitatiH  \i\  cardiac  affections,  while  it  falls  aft<?r  the 
injeetioH  of  morphia.  The  bl oad- press u re  fallft  in  fever,  a  fact  also  indicAt^d  iu  the  sphygruo* 
gram  (§  (59),  and  it  is  hnv  in  ehlnronis  and  phthisii*. 

86.  BL00D.PEE3StXR£  IN  THE  CAPILLAEEES.— Bfethodn.— Direct  estiTnatioti  of  the  capil- 
lary pressure  iM  not  posMible  on  account  of  the  anmllneas  of  the  capillaries.  If  a  ghisa  plate  of 
known  dimenaions  be  placed  ou  a  vascular  portion  of  the  skin,  and  if  it  be  weighted  until  the 
capillaries  hecoine  pale,  wu  obtain  approximately  the  prt*)*iure  tieeesisary  to  overcome  the  capib 
lary  pressuru.  K,  v.  Kries  placed  a  small  glaiw  plate  (Jig,  123)  2'5-5  mp  mm,,  ou  the  skin  at 
the  root  of  the  nail  on  tbe  terminal  nhalanjc,  or  on  the  ear  iu  man^  and  on  tlie  gum  in  rabbits. 
Into  a  iicale-iNm  attached  to  this  weights  were  jilacenj  until  the  nkin  ht?t  ame  pale.  The  pressor© 
in  the  capillaries  of  the  baud,  when  tlie  hand  is  raised,  Krie.^  found  to  b*  24  mm.  Hg. ;  when 
the  hand  hangfi  down,  64  nun.  Hg. ;  iu  the  ear,  20  mm.  ;  aud  in  the  gum  of  a  rabbity  %%  mm» 

10 


'Toifon*\ 


Lirtf  €f 
nopves/urr 


Fig.  Vl'l, 

Blooil- pressure  traciugs  from  different 
animals.  The  scaIo  of  centimetres 
is  roducod  one  dial  f. 


146 
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Fig  123. 
V.  Kriea*Happara- 


Roy  ftiTfl  Graltam  Brown  no m pressed  from  below  transparent  vftscukr  memtinmea  ftgnmst  a 
glftjis  plate  by  inmnik  of  mi  eliLstic  h&*z  conueeted  with  a  mayomrter,  while  the  TJuriatioiis  in  the 
capillaries  wi^rc  o'fca<'r^''e{l  Ivoin  above  by  a  tiiicrosco[i«, 

Goaditions  influeiicmg  Capillary  Pressure.— Tlie  C}i]nllary  Id^jixl-pressuj-e  in  a 
givoii  ait/u  increaaea — (1)  When  the  aliVivnt  siiiall  arterites  tlihite,  so  that  the 
SIockI -pressure  within  tht'  hirt^c  atlerifK  i.s  projja^aU^d  nioi  (^  easily  into  them.  (2)  Jly 
intTPaj^ing  the  pres^tiirt^  in  tho  nniall  atibrent  artorie^.  (3)  By 
narrowing  the  iliaiueterof  the  veins  1  em  ling  from  the  eaj^ilhiry  area, 
Ch*!sure  <if  tlie  veins  iiitiy  tpiadniide  the  jireHsnre,  (4)  By  iiicreivs- 
ing  the  ]iressure  in  the  veins,  f\(f.^  by  altering  the  position  of  a 
limb.  A  dimimition  of  tlio  capillary  prtj^HSur?  is  canned  by  the 
opposite  conditituis, 

ChanjG^ji  in  the  diameter  of  the  capillaTies  iuMuonce  the  internal  i>re*iure. 
We  have  to  eoiiHider  the  ittoveimtitH  of  the  eajiillarv  wall  it'ielf  rw  well  da  the 
pR'sstire,  swelling,  ami  consistence  of  the  surronmling  tissues.  The  resist- 
ance to  the  blood-stream  is  irreatest  in  the  eafjillary  area,  and  it  i»  evident 
that  the  Mood  in  a  long  cajnllary  must  exert  more  presnure  at  the  eonmience- 
meut  than  at  the  end  of  the  capillary;  in  the  middle  of  the  capillary  area 
the  blood -pi-casu re  is  juat  about  ouedialf  of  the  pressure  i^ithin  the  large 
art>'rie^  {Donda's).  The  eiipillary  [ircBsure  unml  also  vary  in  dilferent  rcjiziona 
of  th*!  IkhIv.  Thus,  the  pressnre  witliin  the  intt'stinal  cajnllarii^s,  in  those 
constituting  the  gEoTueruJi  of  the  kidney,  ami  in  thoae  of  the  lower  lirnlis 
when  a  person  is  in  the  erect  tKij+ture,  mui*t  be  ^'e^iter  than  in  other  regiona, 
de|;>ending  in  the  fomitr  casca  partly  n|>on  the  clouhlfl  reisi.staince  catiae<l  by 
two  setji  of  cai»illanes,  and  in  the  latter  cas«  paitly  on  purely  hydrostatic 
cau.Hea. 

87,  Blood-Pressure  in  the  Veins. — In  tbe  large  veaous  trunks 
tu»foreapdlary  ^^,.^^  ^y^^^  heart  (iimomiiiate,  8ul>elavian,  joguhtr)  a  mean  negative 
snuare'of -dais!  pressure  of  about  -0*1  mm,  Hg.  pievftils  (/f.  Ja^ohHtm).  Hence, 
the  lymph-streain  can  ilow  unhindered.  As  the  dist-anee  of  the 
veins  from  the  heart  inereases,  there  is  a  ^rwhial  inerease  of  the  lateral  pressure  ; 
ill  the  external  farial  vein  (8hiep)=+3  mm.;  brachial,  4'1  mm.,  and  in  its 
l»ranehes  9  mm,  ;  ernral,  1 1  "4  mm.  [The  |ireK.snre  is  miid  to  l>e  nf'ffative  when  it 
iH  Je.'J.s  than  tliat  of  the  atmospdiere.  The  gradual  fall  of  tlie  Idood -pressure  from 
the  enjiilliiry  area  (C)  to  the  venous  area  {\)  is  hIiowu  in  tig.  124,  wliile  within 
the  thorax,  whtne  the  veins  terminate  in  the  right  auriele,  tlie  pressure  is  negativa] 
Ifodiiying  Conditions. — (1)  All  eontlitions  which  dimiinsh  the  differem^t  of 
li}*€Hi^urti  between  the  arterial  and  venous  syatema  incrcam  the  venma  pressure^  and 
rice  t^ersih 

(2)  General  pdethora  of  Idocnl  inereascs  it;  anaemia  diminishes  it. 

(3)  Kegjn ration,  or  the  aspiration  of  tlie  thorax,  atfeets  specially  the  pressure 
in  the  veins  near  the  lieart  ;  during  inspiration,  tnving  to  the  diminished  tension^ 
Idood  flows  towards  the  chesty  while  ilnriiig  expiration  it  is  retnrdtHl.  The 
edeets  are  gi'eater  the  deej*er  the  re.spirattjry  n;ovement,  and  these  may  be  very 
great  when  the  respiratory  passiigey  are  closed  (g  60). 

[When  a  vein  is  e^|»o?i(  d  at  the  root  of  the  neck,  it  collai^ees  during  inspiration,  and  fills 
during  ex[nration*  Tl]*"  respirjitoiy  taovemeutjs  do  not  alf*jct  the  venoua  stream  in  janipheral 
veins.  The  veins  of  the  neuk  and  face  become  distended  with  blood  during  cryin-?,  and  ou 
njakin^  violent  cxpiraterj'  efforLs,  as  in  blowing  nrK*n  a  wind  instrunieut.  Every  isiageon  ia 
acquainti'd  witli  tlit?  fact  that  air  is  jiai'ticularly  mible  to  he  sucked  into  the  veins  during 
innpimtioii  in  o|it'rath>n§  near  the  rmit  of  the  neeic.  This  is  due  to  the  negative  intra- thoracic 
preasure  occurring  during  it]sjjiralh>n.] 

(4)  Aspiration  of  tbe  Heart. — Blood  is  sucked  or  aspiraUxl  into  the  auricles 
wdien  tln'y  <lihite  {\k  G6),  *^o  that  there  is  a  donble  aspiration— one  synchronous 
with  ins[)iration,  and  the  other,  winch  is  hut  slight^  synchronous  with  the  heart- 
beat There  is  a  corresj binding  retardation  of  the  bloml -stream  in  the  vente  cavn*, 
caused  by  the  contmctitm  of  the  auricle  (p,  67 ^  a).     The  respiratory  and  cardiac 
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Fig.  124, 

Scheme  of  tlie  lilooii-iux?}taure.  H, 
heart ;  a,  ainiclo ;  v,  veiitrirlt*  ; 
A,  artmal ;  C,  eft|iilkr}';  au<l  V, 
veuaui*  ar<?as.  Th«  circle  iinii- 
(!iit<j»  the  pAtts  witliiu  the  thorax; 
BA\f  ppcaaure  iu  the  aorta. 


uiiihilations  are  CKrcasionally  ol>servubie  iu  the  jugular  vein  of  m  liLniltliy  person 

(§99). 

(5)  Change  in  tlie  posit  ton  of  the  Iiiul>s  or  of  the  limly,  for  hydrostatic  retwons, 
greatly  alt<?ra  the  venous  [>rcssure.  The  veins  i>f  the  lower  extremity  bear  the 
greatest  pressvirej  and  Burdeleben  lias  sliown  that  the  walls  of  these  veins  eont^iiii 
much  stmmith  niusele  (§  65),  Ilenee,  wlieu  these 
inusch's  from  any  eause  becanie  insuHieient, 
dilatations  orcnr  iii  the  veins^  giving  rise  Xaj  the 
prcxlnction  of  varicose  veins. 

[Brauiit!  f*liow€{l  tbat  the  fiiimral  vein  luttler  Poii|mrt*s 
ligiiiiiciit   t'ollanaed   when    tlif    lower   liiiih  WiVA   rotated 
outwards  and  tmckwanls*  hut  filled  a^Jim  when  tlie  Uinb 
was  ri^stored  to  it«  farmer  pjaitiDii.     All  tlie  veiiiis  wliieh 
open  into  the  fiiiuoral  vein  hiive  valvi-.H,  wliich   |'H?riijit    * 
blood  to  INI8S  into  tlie  femoral  vein,  hut  prevent  its  reilux*    | 
Thirt  nieeuaiitHm  act,«i  to  a  ylight  Jogree  as  a  kind  of  sue-   } 
titiu  and  prei»are  ap|iaratus  when  a  ])ei-soii  walk-s,  aud   \ 
tlius  favours  the  oQward  inovemeut  of  Ihe  blood.] 

[(6)  Muscular  Movements. — Veins  which  lie 
between  nuHclea  are  compressed  when  these 
mnstdes  cuntraet,  and  as  valves  exist  in  the  veins, 
the  flow  <jf  blfH>d  is  accelerated  towards  tlie  heart ; 
if  the  outfliiw  of  the  bbxid  be  obstructed  in  any 
way,  til  en  the  xenons  i>ressnre  on  the  distal  side 
of  the  obsiruetiim  may  tie  greatly  inerciuted. 
When  a  fillet  is  tied  un  the  u]>[>er-arni,  and  the 
person  moves  the  innseies  of  the  fore-arm,  tlie 
sujx^rticial  veins  become  turgid,  .ind  can  be  distinctly  traced  on  tho  surface  of  the 
limb.] 

(7)  Gravity  exercises  a  greater  effect  iqion  the  blooil -stream  in  the  extensile 
veins  than  npoti  the  stream  in  the  arteries.  It  nets  on  the  itistribiititin  of  the 
blood,  and  thus  iiulireelly  on  the  motion  of  the  bloorl  stream.  It  favours  the 
emjitying  of  de.s<'eiuiing  veins,  and  retards  tbe  emptying  of  {iseending  veins, 
ao  that  tlie  pressnrt^  beecjme^s  le^s  in  the  former  and  greater  in  the  latten  If 
the  jH^sitioii  of  the  limb  be  changed,  the  conditions  of  |ir<:'ssiire  are  also  altered 
If  a  jterson  be  suspended  with  the  bead  banging  *lownwin>ls,  the  face  soon 
Ix^conies  turgid,  the  position  of  the  body  favouring  the  inflow  of  blood  through 
the  arteries  and  retarding  the  outflow  tlirrmgh  the  veins.  If  the  hand  hangs 
ilown  it  contains  more  bluod  in  the  veins  than  if  it  is  held  for  a  short  time  over 
the  bead,  when  it  becomes  i>ale  and  bbiodless.  [As  Lister  has  shown,  the  condition 
of  the  vessels  in  the  limb  is  influenced  not  oidy  by  the  jjosition  i>f  the  Hmb,  but 
also  by  the  fact  that  a  nervous  nieelianism  is  called  into  play.] 

[Xi^pature  of  the  portal  vein  causes  eougi'stiuti  of  the  rootlet**  iiial  dilatalioa  «f  all  the*  hlcKul- 
vesseb  in  the  abhimeii  ;  gradually  nearly  ail  the  hli>od  of  tlie  aiiiiaal  aeoumulattH  within  its 
belly,  80  that,  jiaradoxieai  as  it  may  seem,  an  auiuial  iiiuy  he  hied  into  it<ii  owtk  belly.  Ah  a 
consequeure  of  a nddrti  &ad  compkfe  ligatunty  of  this  vmii,  tlie  arterial  blotMi*prei*«ure  gi-adually 
and  rapidly  taWn,  aud  the  animal  diea  very  *|uiekly.  If  the  ligature  be  removed  Wfore  the 
b!ood- pressure  falls  loo  jauch,  the  auiiual  may  recover*  SehiJf  and  LautenWeli  regard  the 
symptom!*  aa  due  cl nelly  to  thu  atjtioa  of  a  poison,  for  whea  tlie  hhxjd  of  the  [«:irtal  vein  in  an 
auiiiial  treated  iu  this  w^ay  is  injected  into  jI  frog^  it  eauaes  death  within  a  lew  hours,  while  the 
ordinary  hlwjd  of  the  portal  vein  has  no  eileetd 

[ligature  of  th©  Veins  of  a  Limb.— The  effect  of  ligatunux'  or  compreaaing  alt  the  Veins  of  a 
limb  ia  well  aceu  iu  eases  where  a  bandage  has  bey  a  applied  t<>k>  ti^^btiy.  U  leads  to  eunge*jtiou 
and  inerewwof  pressure  within  the  vcinM  aud  capiliarieii,  iuereased  tranaudatiou  of  Jhiid  through 
the  capillaries,  aud  coase^juent  t»demx  of  the  [»art8  beyond  the  ohatruetion.  Lii^ature  of  ona 
vein  does  not  always  jcoduce  ledcma,  but  if  several  veius  of  a  limb  be  ligatured,  and  tha  vaao- 
motor  nerves  be  divided  at  the  same  time,  the  rapid  productiou  of  Lcdema  in  ensurel     In 
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patbologjaal  ca^s  the  ]>res8m'e  of  a  tumour  upon  a  large  v«m  may  produce  simil&r  results 

^  88.  BLOOB-PEESStlEE  IN  THE  PULMONARY  ARTERY, -Method*. —(1)  IHxect  eatijim- 
tion  of  the  b!ood-pivasiure  in  the  pulmonary  artrry  l»y  irpt^ninfj  the  cliest  was  made  by  C.  Ladtvig 
ami  Heutiier  (1850).  Artificial  re*ipiratioii  won  ktpt  up,  and  the  manometer  wajs  placed  in  con- 
nection with  the  It'ft  branch  of  tlie  pulmonary  artery.  The  circulation  through  the  left  lung 
of  cats  and  rabbitj>  wan  thereby  completely  cut  o If,  and  in  dogs  to  a  great  tx tent  interrupted. 
There  was  an  additional  disturbing  element,  vix. ,  the  removal  of  the  elastic  forte  of  the  luojipij 
owing  ti>  the  opening  of  the  chi'st,  wht'reby  the  venouB  hlood  no  longer  Howed  uormilly  into  the 
right  heart,  while  tht;  hnart  itaelf  \va?i  under  the  full  pressure  of  the  atmoBphiU'e.  The  estimated 
pressure  in  tlie  tlog  =  29'tJ  ;  in  the  cat  ="17*7  ;  in  the  rabbit  — 12  mm,  Hg.,  ucj  m  the  dog  3 
time*!,  the  rnhbit  4  tiniea,  nud  the  cat  5  tiniea  less  than  the  carotid  preasure. 

(2)  Heriug  (1850)  exjjerimeutei  ii]>on  a  crtif  with  ectopia  cordis.  He  introduced  glass  tubes 
directly  into  the  heart,  by  piLnhing  them  tljrough  the  mustular  walla  «f  the  ventricles.  The 
blood  rosTi  to  the  height  ot  21  inches  in  the  right  tube,  and  33^1  inches  in  the  left 

(3)  Faivre(18S6)  introduced  a  catheter  through  the  jugular  vein  into  the  right  ventricle, 
and  placeil  it  io  eiMiuection  with  a  recording  tambour. 

Indirect  iiieagurenient«  have  been  made  by  comparing  the  relative  thickneiiK  of  the  walls  of 
the  right  and  kfi  vcutriclesi,  or  the  walls  (jI  the  pulmonary  artery  and  aorta, 

IknitiRU*  uiid  Murey  t^atiuiatcd  tlie  reJation  of  the  pulmonary  artiny  to  the  aortic 
preHsurL^  aa  1  to  3  ;  (ioltz  and  (laule  as  2  to  5  ;  Firk  and  Badond  fiumd  a  pressure 
of  60  mm.  in  the  imhnonary  art-^uy  of  the  dog,  and  in  the  carotid  111  mm*  Hg. 
The  l»bHHl-|ires?^ure  within  the  pulinnuary  artery  of  a  rhihl  in  relatively  higher  than 
in  tin?  ail  nit. 

Elastic  Teasion  of  Lungs. — The  InngH  within  the  ehc^t  are  kept  in  a  state  of 
diHlention,  <jwing  to  tlu^  fact  that  a  negative  [trcssure  e.xistia  on  their  outer  pleural 
8urfate.  When  the  glottis  is  open,  the  inner  surface  of  the  lung  and  the  walls  of 
tlie  ea|d!laries  in  the  jmlmonary  air- vesicles  arr;  exposed  to  the  full  p*res,snie  of  the 
air.  The  heart  and  large  blood-vessels  within  the  chest  are  not  exposed  to  the  ft  ill 
pressure  of  the  atmosphere^  hut  only  to  the  pressure  which  corresponds  to  the 
atmospheric  ]»re.ssure  jnium  the  pressure  exerted  by  the  elastic  traction  of  the  lungs 
(g  60).  The  trunks  of  tlie  pulnionary  artery  autl  veins  are  subjected  to  tlie  same 
conditions  of  ja'cssure,  The  elastic  traction  of  the  lungs  is  greater  the  more  iliey  an? 
distended.  The  bbxid  of  tlie  pidmonary  eapillaries  will,  therefore,  tend  to  flovr 
tu wards  the  large  blood-vessels.  As  tlie  elastic  traction  of  the  lungs  acts  chiefly 
on  the  thin- walled  pulmonary  veins,  wliile  the  senii  lunar  valves  of  the  pulinouiiry 
artery,  as  wcdl  as  the  systole  of  the  riglit  ventricle,  i>revent  the  blood  from  flowing 
backwanls^  it  foUows  that  the  Um/ff  in  the  eapiffarieti  of  the  /w^>T  cimdatimi  must 
jftfw  ttiwards  the  pidnftman/  reifui. 

If  tultes  with  thin  walls  be  placed  in  the  walls  of  an  ehwtic  distensible  Img,  the 
lumen  of  th«*si'  tubes  rlianges  according  to  the  manner  in  which  the  bag  enclosing 
them  is  distended.  If  the  bag  be  directly  inflated  so  as  to  increase  the  pressure 
wathin  it,  the  lumen  of  the  tulws  is  diminished  (Fun/ie  and  Lafttdtmherfjer),  If 
the  bag  lie  placed  witliin  a  closed  space,  and  the  tension  within  this  K[jace  be 
ilimtnislicd  so  that  the  Inig  thereby  Ijecomes  distended,  the  tubes  in  its  waU  dilate. 
In  tlie  latter  case^ — viz.,  by  negative  aspirati*in — the  lungs  arc  kept  dist^-nded 
wdthin  the  tliorax,  hence  the  hlorMl-vesstds  of  the  lungs  containing  air  are  wider 
tliiui  those  of  collapsed  lungs  (Quitu-kfj  and  Pj'tife}\  Butcditch  and  Garland^  De 
Jdtjer),  Hence  also  more  bhxHi  flows  througli  the  lungs  distended  within  the 
thorax  than  through  collaj^sed  lungs.  The  dilatution  which  takes  place  during 
irisjdratum  acts  in  a  similar  nianner.  The  m'gative  firessure  that  obtiiins  witliiu 
the  lungs  ebiring  inspiration  causes  a  considerable  ililatation  of  the  pulmonary  veins, 
intti  which  the  Idood  of  the  lungs  flows  readily,  whilst  the  hlood  under  high 
pressures  in  tli*^  thick  walled  pulnnuiary  artery  sciircely  undergfa?s  any  alteration. 
The  vehudty  of  tlie  Idood-stream  in  the  pulmonary  vessels  is  acceleratetl  during 
Lns|iiratic«n  (Z>c  Jdtjer,  Lalcsfjui).  The  blootl-[>ressuro  in  the  pulmonary  circuit  is 
raised  when  the  lungs  are  inflatetl     Coutmetion  of  small  arteries,  which  causes  an 
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itiere^nse  of  the  l>lootl-pTessiire  in  the  sy^stemie  trin;ulriti«jn,  al^D  mm*^  iht*  ]*resj^urc 
in  the  puhnoiiary  tnrenit,  hecause  more  blood  tlowK  to  the  right  si(h^  of  thi'  heart. 

The  ves^sel:^  of  the  |>tiImon!iTy  cireuhition  iire  very  distensihle  mid  tlieir  tOEUB  i^ 
shght.  [Oeehiaion  of  one  branch  of  the  i>ulmonary  artery  does  not  raise  the 
pressnre  within  the  aorta.  Even  wlnni  one  piihnonarj  artery  h  phtggeil  witli  an 
emlxdoii  of  panitiin,  the  jiressnre  within  the  at^rtic  system  is  notrni.^ed  {/Jrhiheimy 
When  a  large  hraneh  of  the  pnhnonary  artery  iMjeonies  impervious,  the  obstruction 
18  rapiilly  eompensiited  for,  and  this  is  not  dne  to  the  action  of  the  nervous  syHtem. 
The  va-so-mottn'  system  lias  niiieli  less  efiect  upon  the  pidmonary  bluod- vessels  than 
upon  those  of  the  wystemie  eirenlation.  The  compensiition  seems  t43  he  dne  chiefly 
to  tlie  great  distensihility  and  dilatation  of  the  ptdmonary  ves.sels  {Lirhfheim).] 
Wo  knijw  little  of  the  efiect  of  physiological  conditions  upon  the  pulmotuiry 
artery.  According  to  Lichtheini  itn^fjwnsiim  of  the  respiratifm  canoes  an  incre^uie 
of  the  pressure.  [In  one  experiment  he  foiui<l  that  the  pressure  within  the 
pidmonary  arter}'  was  increased^  while  it  wixa  not  increased  in  the  carotid,  and  he 
regards  this  experiment  as  proving  the  existence  of  vaso-motor  nerves  in  the  lung. 
While  asphyxia  increases  enormously  the  blood-pressure  in  the  system ie  arteries, 
it  hivi  very  little  or  no  effect  on  the  pressure  as  measured  in  the  jndmrmary  system, 
although  tlie  latter  is  provided  with  vatiu>-motor  nerves  (§  371)*] 

Diiria^  the  act  of  great  Btraining  the  liloofl  at  first  IIowh  rapidly  tait  of  the  puliuoiairy  veins, 
and  aftL-rwanlii  ceases  to  l!u\v,  hecnikse  tlic  iullow  of  blotxl  into  the  jiahiioaary  Vi^"<selrt  is  iuter- 
fered  with.     As  soon  as  the  straining  ceases,  hlooil  flows  rapidly  into  th«  palmouarj'  veasels 

Sevrrini  foand  that  the  hloodstiM^aai  throagh  the  hmg«  is  greater  and  nioro  rapid  when  the 
langs  arc  tillefl  with  air  rich  in  CO3  than  whta  th*'  air  within  them  U  rich  in  0.  H*^  s«pp<i3es 
that  these  gase^  at  t  npon  the  vascular  ganglia  within  the  luug,  and  thus  atfect  the  diameter  of 
the  ve^vsels. 

Pfttholog^icaL— Increaae  of  the  prt-ssure  with  hi  the  area  of  the  puhaoaary  artery  occtirs 
frequently  in  man,  io  cirtaiu  easea  of  heart  disease.  In  these  caiwsii  the  seeond  pnlnionaiy 
sound  is  always  aerentmiteth  while  the  elevation  caused  thereby  in  the  eariliogram  in  always 
more  niarkwl  and  m'cnrs  earlier  (§  52).  Klectrical  and  mecbatiical  Btiinulation  of  abdominal 
orgaiiH  Vii\^i)A  the  blfHwl-jiressare  in  tlie  puhoonary  artery  {M&rd). 

[The  actiott  of  drugs  on  ttje  pulmonary  cireulatiou  may  be  tested  by  Holmgren's  apparatu« 
(I  64),  which  permits  of  distention  of  the  Inng  and  retention  of  the  normal  eircalation  in  thu 
frog»  CohJ  eontraet^i  the  pnlmonary  capillariei»  to  one-third  of  tlieir  diameter,  and  antejithotiea 
arrest  tlie  pulmonary  eireuhition,  tdlloroform  being  most  and  ether  least  active,  while  ethidene 
ifi  intermediati?  in  its  eff*?et,] 

[Influence  of  the  Nervous  System  on  the  Fnlmonary  Circulation. — It  is  mneh 
lesi^  de|a'ndriit  on  the  nervons  8y stern  than  the  syptenuc  cirridation,  hut  reeent 
exijerinients  have  sliown  that  the  pnhnonary  vessids  arc  snppHed  by  vaso-niottir 
nerves  throngh  the  roots  of  the  npiwrmost  (--7)  dorsal  nervejs  (§  371).  Very  con- 
siderable variatinti.H  cd  the  liIoiMl-pres^nre  witliin  the  other  part«  of  the  liody  may 
occur,  wliile  the  pressure  ivithin  the  ri^lit  heart  and  pidnionary  artery  is  hut 
slightly  affected  thereby.  The  prea^sure  is  inerea.^d  l>y  electrieal  stimulation  of 
the  iiiedulhi  rdihaigida,  and  it  falls  when  the  medulla  is  destroyed.  Section  and 
stiDinlation  of  the  central  or  perijdieml  end^^  of  the  vagi,  stimnlation  of  the 
spknehnics,  and  of  the  central  end  rd  the  sciatic,  have  hut  a  ntiiiimal  influence  on 
the  pres«nrc^  of  the  jadmctnary  arL<^*ry  (Anbert}J] 

[Relation  of  pressure  in  pulmonary  and  systemic  cixenlations. — If  the  hloo<l- 
pressiire  be  iiifasured  siniuilani  onsly,  in  a  curarised  dog,  111  the  carotid,  ami  in  a 
hraneh  of  the  pidmtaiary  arti*ry — ^tlie  <-liest  htdng  ojiened  and  artifieial  rosjtiration 
being  kept  up — it  is  found  that  the  pidnionary  cireidatirai  19.  cuni]>aratively  inde- 
j>endent  of  the  8ystenii«%  and  alterations  in  tlie  lilo"Khprt'?<suri^  nf  tlie  latter  must 
be  of  large  anion nt  to  atfect  the  pidmonary  hk»od-piessnr»\  While  stiiiinlatiiin  of 
the  peripheral  end  of  the  splanchnic  nerve  raised  the  ])ressure  from  50  mm.  Hg. 
in  the  carotid  to  104  nun,,  it  niistHi  that  in  the  pulmonary  artery  from  13  to  16 
Rim»  Hg.     Even  .stininlation  of  the  lower  end  of  the  divided  spinal  conl,  which 
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rai»ed  the  carotid  pressurt'  from  52  to  232  iiiui.  (Le.,  qiiadni|jlod  it)  only  mwini 
the  palmonary  ark^ry  bhwd-pivHsiire  from  20  to  20  nun.  Tlie  n^e  in  iht'  ptduionary 
})locxl-i)iv8sun'  is  but  a  small  fmction  of  the  tobd  puhuoiirtry  artiTV  presv^^ore.  The 
iiicn:"a*ied  pressor*'  in  the  aortic  systti'm  loost  Xni  of  roimiderablo  duration  U>  elleet 
the  ri^e  in  the  pidhmnary  ve^scds.] 

[If  tlie  jinterior  roots  uf  the  dr»rsal  nerves— between  the  second  und  st»veuth 
dorsal  nt^rves — be  stiinuliit-fMl,  an  lurn'ost^  isobttdoed  in  the 
pnhnonary  arU»ry  bIo<Hl-|»n^ssur('.  This  in  dne  to  tho  vu^o- 
niot-or  ncrve8,  or  vaso-confltrictor  nerves  for  the  lungft, 
which  leave  the  cortl  by  tlo^se  eliEnHielH.  Tbe  vstso  inutur 
mecbaniHtui  of  the  mamuisdian  hnig  is  bnt  poorly  devtdopeil 
a^j  coni[»ared  with  tluit  n^K^dating  the  systemic  arteries. 
Asphyxia,  of  eonrse,  mises  the  syf^tenne  prf's,snre  enor- 
mously, loit  it  alHfi  raisi^8  thi*t  in  the  fiidim>njiry  artery,  and 
tho  rise  liu^is  hai^er  in  the  litter  than  in  tlie  fiinmT.  ICo 
Viisi>niotor  nerves  an*  eonveye<l  by  tlic  va^^  to  the  lung8 
{Bradford  a7id  Bean).] 

89.  VELOCITY  OF  THE  BLOOD- STEEAM,— 
Methodfl:  (1)  A.  W.  Volkma-nnB  HiBmadromo* 
meter ( I H[>ii}.  —A  glasM  hilM^  of  t he  slmi n'  uf  ti  hun- 
pin,  60-130  iiji,  bug  and  2  or  3  mm.  briiful,  wltlj 
u  »c'4ilo  attttfhcrl  to  il,  is  Bxerl  to  a  uictnllic  buAtil 
plati?,  B,  so  thiit  em-'b  limb  pujisea  U^  n  three- wave* I 
f«to[>-cock.  The  basal  plate  is  perforated  along  it> 
li'jigth,  fliid  eitnies  ftt  eaeh  end  short  mrundie^  r,r, 
whifb  are  tied  into  the  ends  of  ii  divideil  iirtery. 
The  wlade  ii['panitii8  is  first  filled  with  snlt  sohi- 
tion>  The  istop-eoek!*  are  moved  simnltaneoiialy, 
n»  they  are atliR'hed  ton  t<K»thed  wheel,  and  havt- 
at  f]r>t  llie  |>c>sition  given  in  tig.  1*25,  I,  «o  that 
the  hhHMl  simj^ly  flows  through  the  j«us8H,ge  in  the 
ims&l  piece,  i".f.,  direetly  from  one  \md  of  thearterv 
to  the  other.  1  f  at  a  j^iven  moment  the  sto|)-coeK 
h  turued  in  the  dir«H*tioa  indicated  in  ^g.  I*i5,  11. 
the  blond  hoK  to  ^jwh  throngh  the  glas8  IuIm^  and 
the  time  it  takes  to  make  the  cireuit  is  noted; 
and  as  the  length  of  the  tnbe  is  known,  we  ean 
ejisily  caletdate  tlve  velcH'ity  of  the  bloml.  The 
method  h&8  very  oUvious  defeetst  arif*ing  from  the 
narrowness  of  the  ttditj ;  the  tntrcMlnetion  of  aiteb 
a  tube  oHers  new  rejjiittauee,  while  there  me  no 
reapinitoiy  or  ]>al»e*  variation  a  observable  in  the 
stream  in  the  glatM  tube. 


&^m 
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Fig.  126, 
Lndwig  nnd  Pogier^  rhen^ 
meter.  X,  Y,  axis  of 
rotation  ;  A,  B,  glass 
bill  lis ;  /(,  l\  caniinW 
inserted  in  the  dividt^I 
artery  ;  f,  **,,  rotnte^  on 
f/»/;  <••  <^i  tal>e«. 


B  ^  T  H 

Fig.  126. 
Yolkmann'a  hwrnadrttmoniMtcr  (B).     I,  bh*od  flows  from  artery  to 
artery  ;  J  i,  lilmwl  mnnt  pms  through  the  glaHs  tnW  of  JJ  ;  c,  c, 
ciiMniilie  for  the  divided  artery. 

Volkinann  found  the  velocity  in  the  carotid  (dof;)  ^  205  to357ntm.  [10  -12  inches] ; 
carotid  (horse)  ^:]Oij  ;  muxillary  (leose)  =  2.12  ;  luetatarsal  =  50  mm.  ]H?r  second. 

(2)  C.  Lndvvjg  ami  Ih^^^A  (18iiT)  lievisnl  a  *'itromtilir"  or  rheometer  for 
ineai«nrin[j  the  amount  of  bloml  which  passed  tlirough  an  arterv  in  a  given  time 
(fig.  l-iG). 
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It  L'onsi-HU  of  two  cfliwji  h^illvji^  A  aird  B,  of  Bxattlj  the  same  capacity.  These  l^ulbs  com- 
municate* with  eat-'h  otoer  almvi*,  their  lawi*r  ends  heiiig  i\x&\  hy  iiieiiiis  of  tfm  tiibpjn,  c  and  c/, 
to  the  motal  dLsc,  e,  q,  Tim  di*;  rot4ites  round  tha  axiiH,  X,  Y,  ho  tliat,  &\h^v  a  complete 
revoUitioti,  the  tail>f'e€omTiiuiaeatt*3  with  /',  siiidr/  with  tj  ;  /and  f^ai-p  provided  with  horizontally 
pUni*d  ettmiuliv,  h  and  i\  which  aiD  tied  into  the  end?*  of  thi*  dii^ided  artery.  Th«  tauiuihi  h  is 
tixed  in  the  eeiitral  end,  and  A'  in  the  pt-riplieral  rnd  of  the  aitery  {f.tf.,  eaiotid) ;  tlie  bulb,  A^ 
m  filled  with  oii,  and  B  with  defibrinated  bl<>od;  at  a  certmn"  Hioinent  the  eoinmiiiikation 
through  h  h  opened,  Iht:  hkiod  I1o>vh  in,  drivin^r  the  oil  bt? lore  it,  atid  paase^s  into  B,  while  the 
defibrjnatihti  blotxl  Jh>ws  thron^h  k  into  the  7M*i-i|theral  part  of  tlie  artery.  As  soon  as  the  oil 
reaches  m— a  nionieiit  whieh  Li  iii-.tantly  iiot^i-d,  or,  what  is  better,  inswL-ribed  npon  a  revolving 
uy Under— the  tmlhs^  A,  15,  are  mt^ti'd  npnii  the  axis  X,  Y,  so  that  H  eoinra  t^  mTii|iy  the 
position  of  A.  The  saiiin  fxprnniejit  h^  rei^eated,  and  can  be  eontiJiut-d  for  a  lot)^  time.  Tht^ 
quantity  of  Ijlofwl  ^vhieb  passers  in  tite  unit  of  time  (I  see.)  is  eAlciibitfd  from  the  tune  ueee^sary 
to  fill  the  bulb  with  blood.     InifMirtJint  result-*  are  obtained  l>y  means  of  thks  iuslrument. 

[Siip|KteiC  the  eapoieity  of  tlie  bnlb  to  l*e  50QQ  cubic  millimetresj  und  thid  it  was  lilled  in 
10  secB.,  then  500  euhu;  millimetrea  are  dim-hargKil  lu  1  see.     The  velocity  (V)  — quantity  or 

vohima  of  blood,  (r)  ilivid^^d  hy  the  sectional  ai^ea  of  the  rcssel  (s),  i.e.,  V  —  —  therefore  tin* 

1     *i„  t*     500  eubic  millimetJTS     ^,^  ,      ,     .,  .  ^i     j-        ^l       r^i     i.  i 

velocity  V  —  . . —159  ram.  per  second.     In  tins  case  the  duimctpr  of  the  tube 

i^  taken  aa  2  mm«^  8o  that  the  sectional  area  of  the  art«iy  1.1  eoual  to  3 '14  niiu.     Tlie  aectional 
areii  is  ealeulated  from   tlu^  diatueter   of  the   circular  tube  by  the   following   formula  :    the 

Hectional  urea  *=      -  fP  when  d  Ls  the  diameter  of  the  tube  ;  or  s=wr^,  where  t  =  3  Hlfi, 

r  — radius.     Or  thi?  se<;tionrd  area  (if)  U  wpial  to  the  rP  x  07854,  i.t\,  4  y  0*7854-*  3*1 4 16, 

[As  albumtKM"  injeet^^d  into  the  hlood  prevents  it  fioin  coagulating  ('iog)^  this  fact  has  h«en 

turaed  to  aceomit  in  using  tlie  rfieomet^r.J 
(3J  Vierordfa  HjBmatachomefc©r(]858)  consists  of  a  small  metal  box  (fig.  127,  I)  with  iiflrallel 

glass  sides.     To  the  n.ivro\v  sid<*s  of  the  liox  are  fitted  an  inh*t  <\  and  an  exit  DUinula,  a.     In 


Fig.   127. 

I.  V i(?rordt'(!t  lin'm:i tachometer.  A,  ghw^s  ;  a^  entianeet  a,  exit  cannula  ;  p,  pndulnm, 
IL  Dromo^Mph,  A,  H,  tube  iusei  ted  in  artery  ;  C,  lat  lal  tid>e  connoted  with  a  rnaim- 
meter ;  b,  imhx  moving  in  a  Laontehonc  memluane,  a  ;  U,  handle.  11 L  Cnrve  obtjiined 
by  dromograph. 

its  interior  im  suspended,  agaiiiMt  tlie  entrance  opening,  a  pndnbnii,  p.  whose  vibrations  may  be 
read  ulf  on  a  eorvi^d  scuh*,  [This  insti'tinieut,  a.s  well  as  Vt»lkuninn*s  apitaratns,  Inis  only  an 
historhal  iitteroMt] 

(4)  Chattveaii  and  Lortet'a  Bromograph  (18<^0)  iK  roustructed  on  the  same  prinfipk.  A  tnW, 
A,  IS  (fig.  J27,  ll.X  of  snIUiient  diameter,  with  a  side  tube  fixe4  tn  it,  C,  whiob  can  be  placed  in 
oomieetiou  with  a  rnanometiM",  is  intro(Juce<i  into  the  carotid  arteiy  of  a  horse.    At  a  a  small  piec« 
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IB  cat  out  and  providwl  with  a  covering  of  gittta-percha  wliinli  lias  n  stnall  bole  in  it  ;  through 
this  a  light  peudulum,  a,  h,  with  a  long  index»  fr,  projects  into  the  tnl»e,  1^.,  into  the  bloofJ- 

ciin'ent,  whii  h  causes  the  pendulum  tf*  vihrat*\ 
J[  and  tlie  extent  of  the  vihraticina  can  be  read 

oir  on  a  »eale^  $^  S.  G  is  an  arran|c;f?nient  to 
permit  the  instrument  to  W  held.  Both 
thin  and  the  former  inntrunient  are  tested 
beforehttiKi  with  a  stream  of  water  aeiit 
throngb  them  with  varying  velocities* 

The  curve  of  the  a  elnt-ity  may  be  written 
olT  on  a  smokeil  gluea  plate,  moving  parallel 
Mith  the  index  h.  The  dromogra[m  curve, 
III,  shows  the  primary  elevation,  P^  and  the 
tlicrotie  el^vutioii  K. 

(ft)  Gyhiilaki'a  Fhotolueinatachometer, — 
Wlien  fluid  Hows  into  a  tnW  (tig.  128,  II, 
tk)  in  the  direction  of  the  arrow,  the  Huid 
stand**  higher  iii  the  manometer  p  than  in 
m.  The  tnbe  wij^  iniiic4itea  the  lateral  pFes- 
sure,  but  px  gives  thij*  phm  the  velocity  of 
the  fluid  (p.  103).  The  veha^^ity  of* the 
current  may  be  eiitimated  from  the  ditference 
in  the  level  in  the  tivo  tubes. 

Bitot's  tube  as  nsed  J»y  Ci/buhkl  is  bent  at 
a  right  angle  (I.  qi)^  the  end  c  l>eing  in- 
s^^rt^d  and  tied  Into  the  eentx^ab  and  p  into 
the  peripberab  pai't  of  a  divided  artery.  As 
tlie  bloml  flows  through  the  tithe,  the  blood 
n«es  higher  in  a  tlian  b. 

To  avoid  having  the  manometers  a  and  h 
t<x»  long,  tliey  ure  connected  with  each 
other  by  a  capillary  tube  tilled  with  air  jind 
nrovided  above  with  a  Bt4jji-cock  i'.  The 
lilood  is  allowed  to  rise  to  the  Ik  eight  of  1 
and  *2,  the  stop- cock  i  is  rioted,  ai^d  prat:ti- 
cally  an  aii- manometer  la  made,  winch  shows 
a  markeii  ditference  in  tlie  level  of  the  bhxid 
of  the  two  tubcii.  The  level  of  the  blo^xl 
in  1  and  2  is  contiiioally  cimnged  fiy  the 
m  oven  tents  of  the  heint  and  thone  of  re8t>i  ra- 
ti on,  and  these  variations  are  photographed 
by  nieana  of  a  eainera  n  with  a  rapidly 
moving  plate,  K, 

obtained  from  the  cnrotid  of  a  dog. 


Fig.  128. 

I.  Scheme  of  the  pbotohie  ma  tachometer  ;  II 
Titot's  tube. 


The  velocity  of 


Fig,  C  BhowB  a  ciinx^ 
the  L'lirvent  at  1^-1  =  258  nmi.,  in  tlie  phase  Sj-S  -  225  mm.,  iind  at  3^-3=177 
mm.  TIr'  vtdiji'ity  is  grt^atest  at  the  end  of  inspiration  ami  tbf  ht'gintiing  of  ex- 
|dmtion.  Asjdiyxni  iricreast\s  it  at  iir,yt.  Paralysis  of  the  Rympntlu'tic  incre^ises  it, 
while  fttiinnbition  of  this  nerve  diiMiiiishea  it  Section  of  the  vagi  increases  the 
velocity,  while  their  stimulation  of  course  diminished  it 

90-  VELOCITY   OF  THE  BLOOD.— (1)   Bivisioa  of  Vessels.— Arteriei.— 

Ill  istiiujding  tlir  vekirity  of  the  blood,  it  is  important  to  remember  that  the 
*iectional  hh-h  n(  all  the*  branches  of  the  aorta  ln*eomes  greater  an  we  proceed  from 
the  arnta  towai^is  the  capillariep?,  so  that  tlie  capillary  area  is  700  thne.^  gi-cater 
tlian  thi*  .sectional  an^a  of  the  mnUi.  As  the  veins  jwn  and  form  larger  tniiiks^ 
the  venous  area  gradually  hetntmcH  snmller^  hut  the  seetirtiial  nnn  of  the  venoua 
orifices  at  the  heart  is  grvatfT  than  ihntof  the  corresi)onding  arterial  oritice.s,  [Wo 
may  represent  the  result  a«  two  cones  place<l  banc  to  base  (fig,  129),  the  Imsf^s 
meeting  in  the  capillary  area.  Tbe  sectional  area  of  the  venous  orifice  (V)  is  repre- 
sented largr-r  tlnin  that  of  the  arterial  (A).  The  iEcreased  sectional  area  induencea 
the  velocity  t>f  tlic  Idood-cnrrent,  while  the  resistance  adects  the  pressure.] 

(2)  Sectional  Area. — A  n  ff/tml  quantUy  of  blood  must  pass  through  every  sectioii 
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Fig.  129. 

SclieiDP  of  the  seotional  area.  A*  ftitcrial, 
And  V,  vcinins  milire.  The  common 
iliars  are  an  exception  ;  the  sum  of 
their  Mrtimial  areas  w  kss  than  that  of 
the  aurta  ;  the  aectiotis  of  the  four  pnl- 
Timnnry  veins  are  together  less  tiian 
tlmt  of  the  pulmonary  arteiy. 


of  the  circulatory  system,  tlirougli  tlie  ]>iilnif)iiir  as  wetl  as  thmngli  the  systemic 
cireuhition,  st>  tlmt  tlio  same  amount  of  lilood  must  pass  through  the  judi nonary 
artt^r}'  and  aortii,  not  withstand  in*;  the  very  unequal  hlood-pres«ure  in  tht^se  two 
vessola. 

(3)  Lumen  or  Sectional  Area.— The  velocity  of  the  ctirrent,  therefore^  in 
various  setiiions  of  tlie  vessels,  must  he  inversely  as  their  seeti(nial  ijrea. 

(4)  CapOlaries. — Ilenee  the  velocity  must  diminisli  very  cousiderahly  as  we 
pass  froiM  the  root  of  the  aorta  and  the  pul- 
luouiiry  arti-ry  towards  tlie  capillaries,  so  that 
the  velocity  in  the  capillaries  of  mammids 
—  0*8  milhmetre  per  sec;  frog  =  0*53  ;  man 
«=  0^0  toO'9  mm.  [average  2  inches  per  minute]* 
Aeeordinf?  to  A.  W.  A^olkniann,  the  hlooil  iu 
mauHnalian  capillaries  Hows  500  times  slower 
than  the  blood  in  the  aorUi,  so  tliat  the  t<3tal 
sectional  area  of  all  the  eajj diaries  must  be 
500  times  greater  than  that  of  the  aortji, 
Dontlers  fouml  the  velocity  of  the  stream  in 
the  small  atlerent  arteries  to  Ije  10  times  fa^ster 
than  in  the  eapillaries. 

Veins. — The  current  becomes  accelerated 
in  the  veins^  hut  in  the  larger  trunks  it  is 
0'5  to  0  75  times  less  tlian  in  the  corresisond- 
ing  arteries. 

(5)  Mean   Blood-PresBure. — Tlie  velocity 
of  t!ie  bloml  dties  not  dejicnd  ujion  the  mean  blood-pressure,  so  that  it  may  be 
the  same  in  congestetl  and  in  amemic  parts. 

(6)  Dlffarence  of  Pressure,— On  the  other  hand,  the  velocity  in  any  section  of 
a  vessel  is  depentlent  on  the  ditl'erence  of  the  pressure  which  exists  at  tlie  com- 
mencement and  at  the  end  of  tliat  particular  section  of  a  hhnKl-vessel ;  it  depends, 
therefore,  on  (!)  the  risaierffo  (i.e.j  the  action  of  the  heart),  and  (2)  on  the  amount 
of  the  resistance  at  the  iK^ri]diery  (dilatiition  or  eontractitm  of  tlie  small  vessels). 

Con-esponcling  to  the  amaller  ilitferenee  in  the  arterinl  ami  venows  pi-essure  in  the  fuetus  (§  86), 
tlie  velocity  of  the  blood  in  less  in  this  case  {CahtLsfeinattd  Zmitz). 

(7)  Pnlsatory  Acceleration. — With  pvej-t/  puL^-bectf  a  corresponding  acceleration 
of  the  blood-eurrcnt  (as  well  as  of  the  I iIockI -pressure)  takes  place  in  the  arteries 
(pp,  144,  151).  In  large  vessels  Yierordt  ftuind  the  increase  of  tire  velocity  during 
the  systole  to  be  greater  by  \  to  i  than  the  velocity  during  the  diastole.  The 
variations  in  the  velocity  caused  by  the  heart-beat  are  recorded  in  lig.  127,  III, 
obtiuued  by  Chauveau's  dromografdi  from  thi^  caroti*l  of  a  horse.  The  velocity 
curve  corresponds  witli  a  sphygmogram — P  represents  the  ju'imary  elevation  and 
K  the  iHcrotie  wave.  This  acceleration^  as  well  as  the  pulse,  disappears  in  the 
capillaries.  A  pulsatorv  acceleration, more  rapid  during  its  first  phase,  is  ohservable 
in  the  small  arteries,  although  the  arterirs  themselves  are  not  *Hsteni!ed  thereby, 

(8 J  Bespiratoiy  Effect — Every  iftt^pimfkm  nfarfh  the  vtdocity  in  the  arteries, 
ey^ry  tJtjfimfiou  auh  it  somewhat ;  but  the  value  of  these  agencies  is  very  small* 

If  we  f  am  pare  what  bruH  already  been  said  reganliug  the  etfcit  of  the  respiration  on  the  ron- 
traction  ntid  dikttititjn  of  the  heart,  and  on  the  blood-stream  (^  601,  it  is  clear  that  reapirfttioa 
favours  the  hlood-etrcam,  aiifl  so  iloi^  artifieial  respiration,  W!ien  artificial  n^piration  k  inter- 
ruptcnl,  I  be  bUHKl-8ti'eain  hoconies  slower  {iMtgirl).  If  ihe  8nH[»enKion  of  respiration  IhsIh  »mi\&' 
what  longi^'r,  tlte  cniTent  i^  again  accelerated  on  account  of  the  (lyrtpnicic  stimulation  of  the 
VftSO'inotur  ct'Mtie  {Heidi  nhiin)  (§371,  1.). 

(9)  Modifying' Conditions. — ^Many  circumstances  affect  the  \eloeity  of  the  Idood 
in  the  veins.     There  are   refptiar  variations  in  the  hirge   veins  near  the  heart 
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due  to  the?  7-fKpifation  ami  fh^i  movements  of  the  heart  (^  50  and  60).  (2)  hrerjidar 
variations  ihie  t^>  pre^^^irp,  e.f/,^  from  contracting  nmnclys  (j?  ^7)j  fnrtifm  on  the 
skin  in  the  ilireetioii  or  against  tht^  dii taction  of  tlie  venous  cnrrcnt ;  the  )>*m(vm 
of  II  linili  or  of  the  bcMJy.  The  |nuni>-like  at  tion  of  tlie  veins  of  the  gi'oin  on 
moving  the  h^g  lias  been  refern^il  Uy  {S  ^7).  When  the  h>wer  linibis  t^xtendwl  ami 
rotaU'd  oiitwanls,  the  femoral  vein  in  the  iliae  fcissa  coUaj^ses,  owing  to  uu  internal 
negative  f»reHsnre  ;  wlien  tlie  thigli  is  fiexed  and  raiset],  it  fills  under  a  positive 
pressure  (Braune),     A  similar  condition  obtains  in  walking. 

91.  CAPACITY  OF  THE  VENTBICLES.— ViemrUt  ralculrtted  tU  c^a|>acity  of  the  left 
ventricle  from  tlip  v< Im  ity  i>f  i\w  blooii-stieHUi,  aud  the  amDiiiit  of  blooil  cVisebarged  ^n^r  second 
by  the  right  caro(id,  light  su be] avian,  the  two  coronary  arterk^t^  and  the  aortjL  ludow  thp  origin 
of  tbe  innonniitttc  artety,  Ue  astiuiattHl  that  with  evt'iy  wyHtole  of  the  heart,  172  cubic  centi* 
tnetrea  (equal  to  ISO  mams)  of  bb^cHl  wtire  iHsH^liarged  into  thi'  aorta  \  thui,  therefnrOj  iiiu.st  b<' 
the  cajiaeity  ot  tbe  b^lt  ventricle  {romi»are  §  83). 

ftSS.  THE  BTTEATIOlf  OF  THE  CIKCtJLATION,— The  time  le^piired  by  the 
Idood  tit  make  a  complete  circuit  tiironi^h  the  coui^e  of  the  rireuhition  was  lirst  di^- 
termined  hy  llering  (1829)  in  the  liorse.  Hl'  injected  a  2  [ter  cent,  sohition  of  potas- 
sium ferrocyanide  into  a  special  vein,  ajid  aseertaiJO'd  (by  means  of  ferric  chloride) 
when  this  sultstance  appeared  iti  the  lilood  taken  from  tlie  e*>rrespomling  vein  on 
the  €tpp<tsife  sid<?  of  the  b<xlj.  The  ferroeyanide  may  also  be  injeeteil  into  the 
central  or  eanliac  end  of  the  jujttular  vein,  and  the  time  noted  at  which  it^*  ] presence 
is  detected  in  the  Idood  of  the  peri|»heral  end  of  the  same  vein.  Vierordt  (llS.58) 
improved  this  method  hy  placing  under  the  eorrcs]mnding  vein  of  the  o]>]n^ite  side 
a  rotating  disi:,  on  whieh  was  hxed  a  number  of  <  ups  at  regidar  intervals,  Tlie 
hrst  ajipeaninee  of  the  potasstiini  ferrocyanidi'  is  drU^fted  hyadtling  ferrie  ehloride 
t<>  the  serum  whieh  sepamtes  from  the  j^imidfS  of  Idood  after  they  lia\'e  sto^j*!  for 
a  time,     The  duration  of  the  cireubitj<.ai  is  as  follows : — 

7 '61  seconds* 
6 '69      „ 
lOSii      ,, 


31  '5  seconds, 
7-70     „ 


Ili'dgebog, 
Cat,      . 
Goose, 


Dark,  . 
Buzzairl, 
Fowl.   . 


10 '6 4  seconds. 
6-73     „ 
517     „ 


Horse,     , 
Dog,        .         . 
Rtihbit,   . 

Heaults. — Wht^n  tlie.se  numlxTH  are  compared  with  the  freiiuency  of  tlte  normal 
pulse- beat  in  the  enrrespimding  aniinals,  the  following  ileductions  are  obtaineil  : — 

(1)  The  mean  time  rei|uired  for  the  eireulation  is  aeeoiujdished  during  :i7  heart- 
lieats,  i.e.f  for  man  — 32  2  seconds,  supposing  the  heart  to  beat  72  times  per 
minute. 

(2)  Genendlyj  the  mean  time  for  the  circulation  in  two  >vormddo*xh'd  animals 
is  invers4'ly  us  the  frecpieni-y  of  the  pulsedx*ats. 

Modifying  Conditions. — ^The  time  is  inliuenced  hy  the  following  factors  :— 

1.  Long  Yascul&r  channels  (r.f^.,  from  the  inetatai^al  vein  of  one  foot  to  tlio  other  foot)  re- 
qiiio^  a  longiT  time  thioi  whort  tbannelH  Um  between  tbe  jngiihirs).  The  ditference  may  be  eqwil 
to  10  |M_"r  tent,  of  tbe  titne  required  to  eoni|ik'te  the  entire  eiixniit, 

2.  In  young  animalfl  (uith  shorter  vatvcular  rhannek  and  higher  pul%)e-rat<5)  tbe  time  is 
shorter  ttian  in  old  animals. 

3.  Bapid  and  energetic  cardiac  contractions  (hh  during  mnwulnr  exereise)  diniftdsh  tlie  tini*«. 
Hent'e  ntjiid  mid  at  the  same  time  h-ss  energetic  eonlraetioiiH  (n»  after  seeljaij  of  botli  vngi),  and 
slow  but  vigoroys  »3'»tolei«  (e.g,,  after  slight  >^timulation  of  the  vagiir*)  have  no  elfect, 

C.  Vierordt  efitiniated  the  quantity  of  blood  in  a  man  in  tlie  following  manner  : — In  all 
warm-Wooded  aramab,  27  systohs  coiTes|MPnd  lo  ih<*  lime  for  eoiufileting  the  eircalatioii, 
llenci%  thi^  total  maaa  of  |h#*  blood  mast  Iw  equal  lo  27  timen  the  fapa<'ity  of  the  venliielc,  i.*-., 
in  niaiu  187"3  piiia.  x27  =  5062  5  ^TiiiiJ.  Tim  is  equal  to  j^j  of  the  Uxly-weigbt  in  a  j^rsoii 
weighing  65*8  kilos,  (com pare  ^  -10}, 

It  is  not  to  be  forgutleii  thot  the  salt  used  ia  to  some  extent  poiHonoua,  but  Hcnnaim  useii  thv 
Dorrespondinj^  innoenons  s^nla  salt  (25  j>pr  eent.). 

Patnologi^.— The  dnralion  of  the  eircalatioa  seems  to  Ijc  increaaed  during  aeptie  fevt»r 
{E.   fVoljn. 

93,  WOEK  OF  THE  HEART.— The  left  ventricle  expolp  0188  kilo,  of  blocKl 
with  each  systole,  and  in  doing  so  it  overcomes  the  pressure  in  the  aorta^  which  19 
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equal  to  a  col  u  inn  of  lilood  5*21  in  Litres  in  ]R*iglit  [Tho  anionnt  of  liloiMi  expelleil 
from  oiicli  VL-n tricks  linring  tlit5  systolu  is  abtait  1^*S  grm.^.  (6  oz.).  It  i.s  forced  out 
against  a  preBsniv  of  250  nvin.  Hg.  =  3*21  metres  of  l>lood.]  The;  work  of  the  Jieari 
at  vndi  sy.stole  is  0188  x  3-21  ==0*604  kilo^ani-niotrc.  If  the  numlier  of  betU« 
=  75  per  miniitt%  then  the  work  of  tht^  left  ventricle  in  24  honi\H^(0'604  x 
75  X  60  X  24)  =  55^230  kihigram-nietres  ;  wliile  the  "work"  done  W  tlie  riffkt 
ventricle  is  ahont  one-third  tluit  of  the  left,  and  therefore  =  2 1,740  kilogram- 
metrei?.  Both  ventricles  do  work  e([nal  to  86/J70  kiiugnun-nictres,  A  work- 
man ilnring  eight  honit*  prodvues  30(*,000  kilogmm-metres,  i.--,,  ahont  four  times 
us  niiuh  ii«  the  heart.  Ab  tln^  whele  of  the  work  of  the  lieart  i;*  eon^nnied  in  over- 
eciniing  tlie  reHistimce  wuthin  the  eHTulation,  or  rather  in  converted  into  heat, 
the  Ixjcly  must  he  partly  warmed  there hv — (425  5  gnun-metrea  are  equal  to  1 
lieut-nnit,  i.e.^  the  force  required  to  raisse  4 25  "5  grams  to  th4'  heiglit  of  1  metn* 
may  be  made  Ui  raise  the  temperature  of  1  cubic  centimetre  of  water  1*  C).  So 
that  204^000  ^*  Leat-units "  are  olttained  from  the  traiLsforniatioo  of  the  dally 
kinetic  encrg)'  of  the  heart 

Quo  gram  of  eoal  when  burned  yields  8080  heat-units,  so  that  the  heart  yields 
as  iiiueli  energy  per  day  for  lieating  the  body  as  if  about  25  grains  of  coal  were 
burned  within  it  to  produce  heat. 

94.  BLOOD-CUEEENT  IN  THE  SMALLER  VESSELS.— Methods,— The 
mmt  important  obst-rvations  for  this  pnrpt>se  are  made  by  nie^msof  the  microicope 
on  trttiis|>areiit  parts  of  living  animals.  j\lalpighi  wa,s  the  first  to  obsi-rve  tln^  cir- 
culation in  tliis  way  in  the  hnig  of  a  fr<ig  (1661). 

TJje  foUowijig  pirt-i  have  been  employed  :  The  Uuh  of  tad[«les  atni  small  fiflhea  ;  the  web, 
toDKue,  Jiieaeateiy,  and  laags  of  earariHtd  fro^a  ;  the  wiug  of  tin?  hat  ;  i\w  thiiti  eyelid  ^f  the 
pigeon  or  fowl  ;  the  incst^uteiy;  the  vesatls  of  the  hvi-rof  frogs  aud  newts,  pm  nuiUr  of  rabbits, 
the  akin  on  the  helly  of  the  fro^j,  fhe  iniKuus  nienibraiie  of  tbi^  inner  snrface  ot  the  banian  lip 
{Hiikrii  Cbeilan^'iosrnjifi,  1879)  ;  the  conjunctiva  of  the  eyeball  and  eyehds.  All  these  may  be 
examined  by  irffftrtf  ligjit 

[HolmgreaB  Hethod.  —  In  studying  the  eiienlation  in  the  fro^'n  Inng,  it  nniBt  be  inllated. 
A  eannnla  with  a  bidee  on  itn  free  end  ia  ])laet'tl  in  the  larynx,  while  to  the  other  end  is  fixed  a 
piece  of  caontchouc  timing.  Tlu^  hnig  is  intlateil  and  tlien  the  cnoutebonc  ttibe  i»  oIoslhI,  after 
which  tile  hing  is  ftlftteil  in  aebainher  with  glass  above  and  below,  ami  examined  aiicroseo|*ieaIly.] 

[Entoptical  appearances  of  the  eireulation  {Ptiritnjc,  1815),  Under  lertaiu  conditions  a 
person  nsay  iletett  the  movenient  of  the  blood -eorpuseles  within  the  blood -vesjiel!*  of  his  own 
ey€.  The  liest  method  is  that  of  Rood,  viz,,  to  look  at  the  sky  thron^di  a  dark  blue  gWn,  or 
throa^li  seVL't;il  jiieet'i*  cd  cdbalt  ghisH  [daced  ovi-r  eaeh  oilier  {J/dmhottz}.] 

Form  and  Arrangement  of  Capillaries. — Itegaiding  the  foitn  and  arrangement  of  the  cai^ib 
aricH,  we  tin<l  that — 

L  The  diameter  wbieli,  in  the  firiest,  perraitja  oidy  the  paswige  of  single  eorjaiseles  in  a  row- 
one  belli  ad  the  otlier— may  vary  from  f»  ^  to  20^,  s<i  that  two  or  more  eorpnstdea  may  nmve 
abresist  when  the  eA]jilIary  i.^  at  its  widest.  [The  capillaries  ai-e  relatively  wide  in  the  Inngs, 
and  narrow  in  ttif  bmin,  retina,  ami  liver.] 

%  Tlie  length  is  ahont  0  5  mm.     They  terminate  in  small  vein«, 

3.  The  number  la  very  vaiiable,  and  the  eapillaries  are  most  nuniercius  in  those  tistjive^  where 
iliv  Tni'tjibolisni  is  most  active,  ag  in  the  lungs,  liver,  museles — less  nnmerniis  where  the  meta- 
bolism is  slight,  aii  in  the  sclerotic  and  in  the  nerve-tninks.  [Many  tinsnes  are  devuid  of  blood- 
veasels,  c.;/.,  the  corn »'a,  nails,  hairs.] 

i.  They  form  nnmeiovLs  anaatdtnoeefl,  and  ^ivo  rise  to  networks,  whos*'  form  and  arrangement 
are  largely  deterniimd  by  the  arrangement  of  the  tiiii^iiie  elements*  themselves.  They  form 
simple  foifjvt  in  tlie  skin,  and  polygonal  iic'tuoiks  in  the  aerouH  tiH^nbrHneH,  and  on  llie  Mirface 
of  many  xl^nd  Inbes ;  they  oeenr  in  the  fiirni  of  eloi>gattd  networks,  with  *!iort  eonnvtting 
branebi'8  in  mnscle  and  tierve,  as  well  lu*  bftwLcn  the  straight  tnbnies  of  the  kidney;  they  eon- 
verge  i'admittf  towards  a  central  f'oint  in  the  hihides  of  the  liver,  and  fonii  archt,'*  in  the  free 
maririns  of  the  iris,  and  on  the  lindr  of  tbt*  selfiiftii"  and  cornea. 

[Direct  Termination  of  Arteries  in  Veiim.— Arteries  sometimes  terminate  directly  in  veins, 
witboat  the  intervention  of  cajnllaries,  ctj  ,  in  the  lyir  of  the  rabbity  in  the  terminal  jibalanges 
of  the  fingers  and  toes  in  man  ar»d  some  animals,  in  the  cavernous  thmw  of  the  penis.  They 
may  be  regarded  au  seiondaiy  eVtannelH  which  piotert  the  eireulation  of  a^iaeeiit  parts^  and  they 
may  ako  be  related  to  the  lieat-regnlating  nieL'Lunis-niii  of  pt^riitheral  pttit.i  {Hoyfr}.] 
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In  cotinei'Moii  witli  the  teruiiimtion  of  artems  in  cnpillnncs,  it  h  iraportfttit  to  MC^rtain  if  tlie 
artcriolea  aru  terminal  ttrteriea,  ^^.,  il"  tliey  do  not  fonn  any  further  annitoraoiw^'*  with  other 
mmilai-  arterioles,  but  Itrmitiate  dirwtty  in  ta[»illaiie«,  and  thus  only  communicate  by  eJipillarie« 
witlj  neighbouring  arterioles — or  the  arteries  umy  amistumose  with  other  arteries  just  before 
they  break  up  into  capilhiries.  This  dbtinetion  ts  iiii[Kirtiurt  hi  coniiectioo  with  the  nutrition 
of  jmrtH  fiuppJie<l  by  aiicli  arteries  {Coknlmm), 

Capillary  Circulation, — On  observing  the  capillary  circulation,  we  notice  that 
tlie  red  eorpuseleB  move  only  in  the  axis  of  the  current  (axial  cairent),  while  the 
lateral  transparent  plasma-ourrent  llowiiifr  on  ench  side  of  this  eeiitral  thread  is 
free  from  thr-se  eorpnscles,  [The  axial  eiirrent  is  the  more  nipid.]  ThLs  pliisma 
layer  or  '*  FoiseuiUe's  l^pace  "  is  seen  in  the  smallest  arteries  aoti  veins,  where  ^  are 
taken  np  with  the  axial  eurrent,  and  the  plasma  layer  occupies  ^  on  each  side  of  it 
(fig.  130).  A  ^reat  many,  htit  not  all^  of  the  etdourless  corpuscles  move  in  thin 
layer.  It  ismnch  lesn  tlistinet  in  the  eajiillarios.  Rud.  Wagner  stated  that  it  is 
absent  in  the  finest  vessels  of  the  lung  and  gilb  [althongh  CJnnning  was  unahle  to 
confirm  this  statement].  The  eolouretl  corpusedes  move  in  the  t^mahest  capillarity 
in  si II f fir  Jile  one  after  the  other ;  in  the  larger  vessels,  several  corpuscles  may 
move  abreast,  wdtli  a  glitJing  nn:dion^  and  in  their  course  they  may  turn  over  and 
even  be  twisted  if  any  obstruction  is  offered  to  the  Idixxl -stream.  As  a  geneiiil 
rule,  in  these  vessels  the  movement  is  uniform,  hut  at  a  sharp  l>i?nd  of  the  vessel  it 
may  partly  he  retar^led  auil  partly  aeeelerated.  Where  a  vessel  divides,  not 
unfrtHpiently  a  eorpusele  remains  ujwn  tlie  projecting  angle  of  the  division,  and  is 
doubled  over  it  so  tliat  its  ends  project  into  the  two  branches  of  the  tube,  Tliere  it 
may  reraEdii  for  a  time,  untd  it  is  dislodged,  when  it  soon  regains  its  original  form  on 
account  of  its  elasticity.  Not  unfrequently  we  see  a  red  eor[aisele  becoming  ln/nt 
where  two  vessels  meet,  hut  on  all  uccasions  it  rapidly  regains  its  origimd  form. 
This  is  a  giHhl  ]>rrMd  of  tlo'  elasticity  of  the  coloured  cor|niscles.  Tlie  motion 
of  the  colourlesB  corpuscles  is  ijuitt^  ditl'erent  in  character;  thej  roU  directly 
on  the  mM'tifar  waflj  moistened  on  their  peripheral  zone  hy  the  plasma  in 
Poiseuille's  space,  their  other  surface  being  in  contact  with  the  thread  of  coloured 
corpuscles  in  the  centre  of  the  stream.  Schklarewsky  (1868)  has  shown  by 
physical  experiments  that  tlie  particles  of  leiL'*t  specihc  graWty  in  all  capillaries 
(e.ff.f  of  glass)  are  |>ressed  toward  the  w^all^  wlvile  those  of  greater  spec i tie  gravity 
remain  in  the  middle  of  the  stream.  [Graiihit*?  and  particles  of  carmine  were  sus- 
pended ui  water,  and  caused  lo  circulate  through  capillary  tubes  placeil  iintk>r  a 
microscope,  when  the  grajdiite  ke|jt  the  centre  of  the  stream,  and  the  carnitne 
moved  in  the  layer  next  the  wall  of  the  tuhi*,] 

When  th(^  colourless  cor]>uscles  reach  the  wall  of  the  vessel,  tliey  nuist  roll  along, 
partly  on  at  count  of  their  surface  being  ^OV-Ay,  wherehy  they  readily  adhere  to  t!ie 
vessel,  find  partly  l>ecause  one  surface  is  directed  towiirds  the  axis  of  the  vt^ssel 
where  the  movement  is  most  rapid^  and  where  they  receive  impulses  directly  from 
the  rapidly  moving  colonn-d  b  loud -cor  jiuscles  (Doitderny  The  rolling  motion  is  not 
always  uniform  ;  not  unfrequently  it  is  retrograde  in  ilireetion,  which  seems  to  be 
due  to  an  irregular  a<lhereiice  to  the  vascular  wall.  Their  ^hwtr  movement  (10  to 
12  times  slower  thnn  the  red  corpuscles)  is  partly  due  to  their  stick inessj  and  ijartly 
to  the  fact  that,  as  they  are  phu'cd  near  the  wall,  a  hirgc  part  of  their  surface  lie^  in 
the  jierijdieral  threads  of  the  tliiifl,  which  of  course  move  more  slowdy  (in  fact,  the 
layer  of  fluid  next  the  waU  is  passive — ^p,  104). 

[D.  J.  Hamilton  lirids  that  wliPii  a  frng  s  web  is  examinetl  in  a  vertieal  |>ositinn,  by  far  the 
greater  pi-ojiortinii  of  IfUt'ocytes  flrjat  on  tlie  upper  Kiufart%  and  only  a  few  on  tlie  lower  sui face^ 
of  a  Bmail  blood -vessel.  In  experiments  to  lieteraiine  why  the  colon  riMl  eorpuaeles  Uoiit  or  glide 
©xdasively  in  the  axial  strentn,  while  a  grmt  many,  hut  not  all,  of  the  leuccM:yti*s  roll  in  thi* 
peripherid  layers,  Hamilton  ascerbiined  that  llit«  nearer  the  s+u»|H."nded  Iw^dy  appronches  to  the 
speeitie  gravit.v  of  the  licpiid  in  wbieh  it  is  immers«'d,  thfi  more  it  tends  to  twcupy  the  centre  of 
tne  stream.  He  in  of  opiui^m  that  the  pheuoraenon  of  the  separation  of  the  blood-corpuwcle*  in 
tlie  circulating  f!iud  ia  due  tn  the  coloarlcas  corpasolcs  being  specifically  lighter,  and  theeolonred 
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either  of  the  flaine  or  of  very  slightly  greater  specific  ffrnvity  tlmn  the.  blixd-plasina.  Hamilton 
coutmvertii  the  titatciiietil  of  Schklarewnky,  and  he  findit  that  it  is  the  rektive  specific  gravity 
of  u  botly  ivhieh  ultimately  determinea  its  |iositiori  in  a  tube.  The*te  experiments  point  to  the 
immense  impor  Lance  of  a  due  relation  subsisting  between  the  specific  gravity  of  the  blooil-plusma 
aiirl  that  of  the  corpuscles,] 

In  the  veiiselH  tii«t  Ibruiod  in  the  incubated  e^g,  as  well  as  in  young  tadiwlpy,  the  movement 
of  the  blood  from  the  heart  oc«:nrs  in  jerks  {JSpallanzani^  1 795). 

The  velociiy  of  tlie  bio cxl-st renin  is  iniliiericeil  by  the  diatm'ler  of  the  vemt'h^  which 
uiKlergo  periodic  cbangiis  of  calibrL^  Thi^  cliaiigt^  occurs  not  ouly  in  vessels  pro 
viiled  with  muiH^lar  fibres,  but  also  in  the  caiiillurieWj  which  vary  m  iiiaiiieter^ 
owing  to  tho  contraction  of  th^^  celk  composing  their  wails  (ji.  HO). 

The  amaunt  of  water  in  ike  fJood  Is  of  importance  ;  when  it  is  increased,  tlie 
circulation  is  facilitated  and  accelerated  (S  6-). 

The  velocity  of  the  bh>mi  is  greater  in  the  pulmonary  than  in  the  systemic 
capillaries  ;  so  that  the  total  sectional  area  of  the  pidmonary  ea[iillaries  is  less  than 
that  of  all  the  systemic  capillaries. 

i5.  DIAPEDESIS.— If  the  circulatian  be  studied  in  tlie  vensels  of  the  mesentery*  we  may 
obfier^fc  ooloiirleaa  corpuflclea  pa.sKii!g  out  of  the  vessels  in  groiitor  or  less  nuinljera  (fig.  13D). 
Mere  contact  with  the  air  Buttices  to  excite  slight  iuHammatitnu  At  fii-st  the  colonrleaa  cor- 
fiUBcles  in  the  plasma-space  move  more  alowly  ;  several  accumulate  near  each  others  and  adheri' 
to  the  walla  ; — somi  they  bore  into  the  wall,  u^ 

ultimately  they  pasa  quite  through  it,  and  may 
wander  for  a  di!jtaace  into  the  perivascular  tia- 
soes.  It  ia  doubtful  whi'ther  they  pass  through 
the  Bo-civlled  "Btomata"  wdiich  exist  between 
the  endothelial  cells.orwhethi'r  they  simply  pass 
through  the  cement  substance  between  the  en- 
tJothelittl  cells  (p.  1 08).  This  process  is  called 
diapedesifl,  and  cons  is  ti  of  several  acts  : — (a) 
The  adhesion  of  colourlej^scorpu-selea  to  the  inner 
aurfiice  of  the  vessel  (after  moving  ukoi-e  slowly 
along  tlie  wall  up  to  this  point),  (b)  They  send 
processes  into  and  through  the  vasL'iilar  walL 
{c)  The  body  of  the  cell  is  drawn  after  or  folio wh 
the  processes,  whereby  the  corpuscle  appears 
constricted  in  the  centre  (tig.  130^  f).  (d)  The 
complete  msnage  of  the  corpuscle  through  the 
wall,  and  its  farther  motion  in  virtue  of  its  own 
amteboid  movements.  Heriiig  observed  that  in 
large  vessels  with  perivascular  Iymph-sj^«ic<  s,  the 
corpuscles  passed  into  the  s[iaces,  hence  cells 
are  found  in  lymph  Iwfore  it  has  |«issed  through 
lymjibatic  glands.     The  cauae  of  the  diapedesis 
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Fig.  130, 

Small  vessel  of  a  frog's  meflentery  showing 
diapedesis.  w,  ir^  vascular  walls ;  o,  o, 
Poiseuille^s  sjjace  ;  r,  r,  red  cori^nscles  ;  /,  l, 
colourless  corpuscles  adhering  to  the  wall, 
and  c,  c,  in  various  stages  of  extrusion  ]  /,  /, 
extruded  corpuscles. 


is  ptirtly  due  to  the  independent  locomotion  of 
th«  corpuscles*  and  it  is  partly  a  physical  act,  viz,,  a  filtration  of  the  colloid  mass  of  the  oell 
under  the  force  of  the  blood-preaaure  [Htrimj) — in  the  latter  respect  depending  ufwn  the  iotra- 
vaacwlar  pressure  and  the  velocity  of  the  blood -stream,  Uering  regards  this  process,  and  even 
the  paHHB^  of  the  coloured  corpuscles  through  the  vascular  wall,  as  a  normal  process.  The  red 
oorpuscle»  pruis  out  of  the  vesitels  when  the  venous  outflow  is  obstructed,  which  ahio  causes  the 
tniiisiid \tioii  of  plasma  through  tlie  vascalai^  wall.  The  ])lasina  carries  the  coloured  corpusctea 
along  with  it,  and  at  the  moment  of  their  jMissago  through  the  wall  they  assume  extmordiuaiy 
shapesj  owing  to  the  tenaion  put  upon  them,  regaining  their  shajie  as  soon  as  they  psiss  out 
(CoAnA^im).  This  remarkable  phenomcnrjn  was  described  by  Waller  in  1S46.  It  was  redescribcd 
by  Cohnheim,  and  according  to  him  the  out-watidering  is  a  sign  of  infianuaation,  and  the 
colourless  corjuisi:'le»  which  acL'umulate  in  the  tissues  are  to  be  regarded  as  true  pua-oorpn6clM| 
whit  h  may  uniitTgo  fuitbor  increase  by  division. 

Inflammation  and  Sta^B. — When  a  strong  stimulna  acts  on  a  vascular  part,  hyrtenemii-  redneai 
and  swelling  occur.  Microscopic  observation  nhows  that  the  capillaries  and  tlic  small  vessels 
art^  dilated  and  vtYrJillfd  with  blood -cori»u»cles  ;  in  some  cawes,  a  teni|iorary  naiTowdng  precedes 
the  rlilatation  ;  simultaneously  the  velocity  of  the  stream  clmnges,  rarely  there  is  a  tcmiTorar}" 
acceleration,  marc/rcfjuenlly  it  becom^t  slmper\  If  the  action  of  the  Htimnln^  or  irritant  be  con- 
tinued, the  retardation  becomes  considerable,  tlie  stream  moves  in  jerks,  then  follows  a  to-and- 
fro  movement  of  thii  blood -column — a  sign  that  stagnation  has  t^iken  place  in  other  va^nlar 
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areas.  At  lant  the  Mooil-.sti^aTn  cornea  completely  to  a  staud still — stftsiB— &iid  the  blood-vessels 
are  iilugged  with  blood -cor puaeles,  NuiiieitiUii  t'oloiirless  l>l4Kwi.cc«r]mscies  are  found  in  the 
htiitionai y  hhxwL  Whilst  thu^e  varimis  proccHi^es  are  taking  plaoi*,  the  cnhmiies*  corimscle* — 
more  rarely  tlu'  red— ^pa^s  ont  of  tbw  veKjsel*i.  Under  fiiivouralile  eirenmstane*^  the  stk^is  may 
disappear/  The  swelling  whiili  tx-cnrsi  in  the  neighbourhood  of  iiifljimed  [iiirt*  ia  i^hieHy  due  to 
the  estudatioii  uf  pbiMnm  into  the  hunoimdiiig  tiHsne.H* 

96.  MOVEMENT  OF  THE  BLOOD  IN  THE  VEINS  -hi  the  Finallest 
veiiirf  coming  inmi  tlie  t:apilluries  tlie  lilwiil-sti'eam  is  mure  rai>id  than  in  tlu^ 
f'apilkriL'S  theiiis<dvi's,  but  less  so  tbnii  in  ili<?  furri?sp«n<ling  iuterics.  The  stream 
is  iHiifonii,  ami  if  no  oIWt  curnlitioiis  interfert-'d  with  it,  tlie  venonss  .stream 
tiiwarih  the  heart  oiiglit  Ui  he  uiiiftinii,  but  iiuiuy  ciirmristances  iiffeet  the  atreani 
ill  tlitferent  [mrts  of  its  eom'se.  Amongst  tliese  are:™(l)  The  ndative  iaxrieits^ 
great  dtJ<teimfnliti/^  luid  tlie  reatly  compretisihilit^  of  tlie  avails,  even  of  th*?  thickest 
veins.  (2)  The  inromjtlete  JilltJifj  of  the  veins,  which  does  not  amount  to  any  eon- 
widenible  dinti^ition  of  tlieir  walls.  (3)  The  numerou.s  and  free  ftndi^toffnjses  hetweeii 
adjoining  vtrinsj  not  only  between  xeinn  lying  in  the  same  plane,  hnt  also  between 
superticial  and  deep  vein.s.  Henecj  if  the  course  ol  the  hlooil  be  obstructed  in  one 
direction,  it  readily  huds  anothi^r  outlet  (4)  The  pres^^nce  of  numerous  valves 
which  iiennit  the  liloml-stream  to  move  only  in  a  centripetal  direction.  They  are 
absent  from  llie  suialleHt  v<-'ins,  and  are  uiost  numerous  in  those  of  middle  size. 

Podtioii  of  Valves.— The  venous  valv^eis  always  have  two  poutihea,  and  are  plaLefl  at  deSoite 
intijrviilH,  whitih  eoiTt^[Hriid  to  tlie  1,  2,  3,  or  n^'*  [>ower  of  a  certain  '*hunhiiiiental  distanc*," 
whichia=-7  iiiiii.  lor  the  lu^v<^r  extremity  and  5 "5  mm.  for  the  npiaer.  Many  of  the  original 
valves  disappejir.  On  the  proximal  Hide  kA'  every  valve  a  lateral  Vtraiich  opens  into  the  veiii, 
while  on  tlie  distal  aide  of  each  branch  lies  a  valve.  The  same  k  true  ior  the  lymiihatica 
{K.  bitrddrb^ii) 

Effect  of  PressTire-— As  soon  us  pres^sure  is  apjdied  to  the  vein.s^  the  next  lowest 
valves  rloise,  ami  those  inimediatelj  above  the  seat  of  pret;sure  ojwn  and  allow  the 
blood  to  move  freely  toward  the  heart  The  ptmiitire  nuty  be  exert^^sl  from 
withcmt,  as  by  any  tiling  placed  a^^ainst  the  lio<ly  ;  tlie  tbickeneil  amiraded  rauscleij, 
especially  the  muscles  of  the  liinl)s,  eomprcKs  the  veins.  That  the  Idood  Hows  out 
uf  a  divided  vein  more  rapidly  wlii-n  the  muscdes  contract  in  shovm  durijig  vene- 
section. If  the  muscles  are  kept  coiitractetl,  tht;  veno\i8  Idood  psissing  out  «^f  the 
nni8clc8  ct^dlect-s  in  the  passive  parts,  ejj,^  in  the  cutiineous  veins.  The  pulsatile 
pressure  of  the  arteries  accompanying  the  veins  faviRirs  the  venou-s current  From 
a  hydrostatic  ]Hiint  of  view  the  valves  are  of  considerable  imiM>rtance,  as  they  serve 
Uy  divide  the  colunni  of  blood  into  segments  (e.?/,,  in  the  crural  vein  in  the  erect 
attitude),  so  that  the  fine  blood-vessels  in  the  ftKit  are  not  subjected  to  the  whole 
amount  of  the  hyiirostatic  pi'essure  in  the  veins. 

The  velocity  of  the  venon?*  lilooil  has  been  measured  directly  (witli  the  hjemadromometer  and 
the  rheometer— §  89).  Volkinauii  found  it  to  be  225  nun.  \wv  Nee.  in  the  jagidar  vein.  Reil 
ohservHi  that  2i  times  more  bhwd  flowed  from  an  arterial  orifice  than  from  a  veiioiiti  orifice  of 
the  same  sixe.  The  veloeity  of  the  venou.'s  emrrent  obviously  dei>ends  upon  the  sectional  area  of 
the  vessel.  Borelli  entinnited  tlie  eajiacity  of  the  venoiia  system  to  l>e  4  tiniej^  greater  than  that 
ot  the  iirteria! ;  whili-s  acconliiig  to  Haller,  the  ratio  ia  9  to  4. 

Large  Veiuj,— -As  we  proceed  from  the  small  veins  towards  the  venre  ciivie,  the 
sectional  area  of  the  vehis,  tiiken  as  a  whole,  becomes  less,  so  that  the  t'ehtctty  of 
(he  airreut  inn-ea^eif  in  tlie  same  ratio.  The  veloi^ity  of  tlje  currt^nt  in  the  venae 
cavae  rnay  be  about  Indf  of  that  in  the  aorU  (Halfcry  As  the  pElmonary  veini 
are  narrower  than  tlie  pnlmoiiary  artery,  the  blood  moves  more  rafjiiUy  in  the 
former. 

97.  SOUNDS  WITHIN  AfiTEHIES.  — The  soonda  prodinetl  within  artenea  are.  si)eakitig 
from  a  pViyNJeal  point  of  view,  onlv  noiiiea  or  binit'*.  Still,,  following  Skoda'a  leiwl,  they  are 
hpokeii  of  by  physieians  as  *'  tone-s/^  Clinically^  there  h  no  wharp  distinction  betwwn  ^*  tones/^ 
soaiids,  noiwe^,  or  braits.  In  foiir-fifthji  of  all  healthy  men  two  aonnds — corresjionding  in  duia- 
tioii  aad  other  eharaeters  to  thf  two  heart-aoundd— are  heard  in  the  carotid  {Cminid,  WeU), 
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SometimeB  only  thi*  second  lieart-Sfntiid  ik  distiri<L(uiHbaMp,  as  itj^  placf  of  cfrigiia  h  near  to  tlie 
carotid-  Tlioy  me  not  true  arterinl  >*oaiiduS,  but  are  J^imply  **  propagated  heart-aoimda;" 
Soiiietime,H  tlie  sound  of  the  puluionary  artery  win  be  heard  iu  thi8  way  ( H'l  if^  Ij^ftrl/irim)* 
Thene  iiuinnni's,  nouudSj  or  Imdtj*  ottuir  either  aponUtHrmmiy,  or  are  itrodtue^l  Ivy  the  applkation 
of  *\tt4^nal  }fn'»sHt'f,  whercliy  the  liiiueu  of  the  ve,s!«4  h  diniinbhtuL  Hejiee  one  distingiiisheij  : 
(1)  Spontaneous  Munuuis,  and  (2)  Frenfiure  Murmurs. 

Arterial  Sounda  or  murimirs  arc>  rffulily  jjujdiH'ffd  by  pressing  upon  a  strong 
iirttry,  ejj,^  the  criirul  in  \\w  ingiiinjd  region,  so  an  to  leave  only  a  narrusv  passage 
for  the  Idootl  (**at6ll0sal  muriniir  ")♦  A  line  Lhiinl-stream  juusi^ea  with  greixt 
rapidity  and  force  throngli  this  narrL»\v  part  into  a  wiiler  portion  of  the  art«:'ry 
lying  liehind  the  point  of  n impression.  Thus  arises  the  **i»res8iire-streftni " 
(P,  S*ttUifytr\  or  the  ^' fluid  vein''  (''veine  tluide  "  uf  Cliaiiveau).  The  [uirtirles 
of  the  fluid  ar<'  thrown  into  I'apiii  tisHUfdiou^  and  iiuderg"*  dhntifn-ij  njovonient.*i, 
and  hy  their  niovenient^  prmUke  the  suiind  within  the  peripheral  dilated  iiortion 
of  the  tube.  A  sonnd  is  prwlneed  in  tlie  tliiid  \iy  presi^ure  {Ctrrritjftn),  The 
s<:»uiid8  are  not  eaiised  by  vibmtions  of  the  rai^cular  wall,  as»  snjipused  hy 
^lionilhuid, 

A  mnnunr  of  tliis  siirt  i^  the  *' Bub- clavicular  murmur^'  {Iittfuf),  octasionally  heaol  duHng 
a5*8t^le  in  the  suhclavian  arterv  ;  it  oe^curs  when  the  tuc  layers  of  the  pleura  adhere  Ui  the  hjm'X 
of  the  luti^  (eHpeeially  in  tnhercnilar  rliseaiie.s  i>f  the  lungs),  %vherehy  the  8ulM'hivian  artery 
undergoej*  a  local  constriction  due  to  it*4  ht'ing  made  tense  and  Hlightly  carved  (Frirdrckh). 
This  residt  i»  inidicat4.*d  in  a  diinituition  w  tibiieace  of  the  piiLse-wave  in  theradiul  artery  (  Weil), 

It  is  obviou.H  that  arterial  murniui's  will  oeeiu'  in  the  human  htnly  ; — {a)  Wheu,  owing  to 
I  Mthologieal  tondition^,  the  arterial  tiibf-  is  tlihtkd  at  *^»f  jHtrt,  into  which  the  hlood-cnnt-nt  is* 
lortihly  iionrwi  from  the  nonnal  itarrow  tnhe.  Dilat^itions  of  thi«  nurt  are  called  aneunsmE, 
in  which  innnuurji  are  generally  andildc.  {h}  W  hco  pressure  is  cxerti-d  ujKut  nn  uthrt/^  e.g, 
by  the  oresfture  of  the  greatly  enlarged  arterie?j  dunng  [tregiianey,  or  hy  a  large  tumour  ]jres8ing 
U|>on  a  lai'ge  art*M'y, 

Spontaneous  Munuui^. — In  caJiCM  where  no  Bource  of  vxtemal  pressure  is  diiicoverahle,  and 
when  no  nneurirtin  is  pre^cnt^  the  ai»ontaneoutsly  ociurring  snnnds  are  favoiiroil,  when  at  the 
UHmu'nt  of  arterial  rest  (cardiae  wysttile)  the  arterial  walls  are  distended  to  the  slighte.st  extent, 
and  when  dunng  the  movement  of  the  pulse  (cardiac  diastole)  the  tenj*ion  k  laowt  rapid  (  TnuiUt 
Weil),  i.f-.,  when  the  low  »y.Htolic  niininnim  tension  of  the  arterial  wall  ^wi>i«es  rapidly  into  the 
high  tuaximntu  tjeiiaion.  This  is  t»j>ecjallv  the  ca«e  m  iDsufficieiicy  of  the  aoitic  valves,  in 
which  case  the  sounds  in  the  arteries  are  audible  over  a  wide  area.  If  the  minimum  tension  of 
the  arterial  wall  is  relatively  git»at,  even  during  diastole,  the  sounds  in  the  arteries  are  gn^atly 
difinniNhed^ 

Arterial  niiirnHirs  are  favoured  bj — (I)  Sititieient  delieaey  and  ekstieity  of  the 
arterial  walk,  (2)  l>iniiiiisbed  jieripheral  ret^iHUnee,  e.g.^  an  vnay  outflow  of  the 
fluid  at  the  end  ojf  the  stream.  (5)  Aceidenited  eurrent  iu  the  vasetdar  t^yj^teni 
generally.  (4)  A  considerable  difference  of  tlie  pres.sure  in  the  narrow  and  whle 
portions  rif  the  tulw.     (5)  Large  eahhre  tif  the  arteries. 

In  nortiial  pulstiting  arteri*iSt  sounds  may  be  heai-d  esfiecially  at  an  acute  hend  of  the  artery. 
MunnurH  of  this  swjrt  arc  loudcj^t  whrre  several  larce  arteries  lie  together;  hencf*^  during 
pregnancy,  we  hear  the  attrhir  martttur,  or  placental  bruit,  <ir  mtfjllf  in  th«  greatly  dilated 
uterine  arterie**.  It  in  niueh  less  «ii.stinct  in  the  umhilitad  arteries  of  the  toiti  iumbilieal 
uiurmurs).  Similar  soundM  are  lieurd  through  the  thin  \valli!§  of  the  head  of  infants,  aitd  a 
murmur  h  aotnetimcB  heani  tit  the  eubirged  spleen  in  ague  {MaLHmiruinzu 

Auscultation  of  the  Normal  Pulse. —Un  anscultatinp  the  radial  artery  under  favonmhle 
circuni.st;in<-es,  ami  fsffceially  in  old  lljin  [>cfsoiis  with  wide  arterica  and  dicrotic  |»uhe,  one  miay 
liCJtr  two  souudn  correspond  111^^  to  the  jiriinary  and  dicrotic  waven. 

hi  Inaufficiency  of  tne  aortic  valFca,  elipnacterlNtic  sounds  may  he  lieard  in  tlw  crnral  artery. 
If  pressure  be  exerted  upon  the  art*  rVt  a  double  blowing  niurmur  is  heaitl  ;  the  hrst  one  i»  due 
|lo  a  large  nias«  of  blood  being  pro[»eIlerl  into  the  artery  synchronously  with  the  heart- Wat,  the 
FjKcond  Ui  the  fact  that  a  large  quantity  of  blowl  Hows  Iwick  into  the  heart  during  diastole.  If 
no  preasure  be  exercised  two  sounds  are  lieaixl^  and  these  »eem  to  be  due  to  a  wave  iinjpagated 
into  the  arteries  hy  the  auritlci*  and  veatricle^  re«|;>ectively— conijiare  §  73,  tig.  94,  III,  In 
atheroma  a  double  sound  may  suau times  be  heard  {%  73,  2). 

VEiroirS  JOmMUES.— I.  Bmit  de  Diable.— Thin  sound  in  lieard  idH:*ve 
the  clavielesi  in  the  furrow  between  the  twi»  lieiuls  of  the  steruo-mastoid,  most 
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frequently  on  tlie  riglit  sule,  and  in  40  per  cent,  of  all  persons  examined.  It  iis 
eitlier  a  continnous  or  a  rbytlunkal  iiiurmur,  occurring  during  the  ditistolc  of  the 
heart  or  duriug  ius|(iratioii ;  it  has  a  "whistling  or  rusliin-,'  tdiaracter^  or  even  a 
musical  quality,  and  arises*  within  the  hulh  of  tin'  coninnm  jugukr  vein.  When 
this  sound  is  heard  without  pressure  being  exerted  by  the  st<'thoscope,  it  is  a 
]>athologieal  phenoniejioiL  If,  howi'ver,  pressure  be  exerted,  and  if,  at  the  sarae 
time,  the  pei-son  examined  turn  Ins  head  to  the  opposite  side,  a  simihir  sound  is 
heard  in  nearly  idl  cases.  The  pathological  hnni  de  diable  occurs  especially  in 
anemic  persouit,  in  leadqmisoningj  in  syphilitic  and  scrofulous  persons,  sometimes 
in  young  persons,  and  h^ss  frequently  in  elderly  people.  Sometimea  a  thrili  of  tho 
vascidar  wall  may  Ite  felt 

Causes.— It  is  due  to  the  vibration  of  the  blood  flowing  in  from  the  relatively 
narnnv  part  of  the  common  jugidar  vein  into  the  wide  bulbous  iK>rtion  of  the 
vessel,  and  seems  to  occur  chiefly  wlien  the  walls  of  a  tbiii  i>artof  the  vein  lie  close 
to  each  other,  so  that  the  enrreiit  must  ptirl  through  it.  It  is  clear  that  pressure 
from  without,  or  lateral  pressure,  as  by  turning  the  ln?ad  to  the  opjxjsite  side,  must 
favour  its  occurrence.  Its  httemitf/  will  he  increased  wlieu  the  velocity  of  the 
stream  is  increased^  hence  tfispi ration  and  the  dia^sMtc  action  of  the  lu-art  (l>«>th  of 
w^hich  assist  tlw  venous  current)  ijicrease  it.  The  erect  attitude  acts  in  a  similar 
marnier,  A  similar  bruit  is  sometimes,  though  rarely,  heanl  iu  the  subclavian, 
axillary,  thyroid,  facial,  innominate  and  crnral  veins,  and  superior  cava. 

n.  SegtLTgitant  MurmuiH. — ^On  making  a  Mudilea  eHbrb  a  uiurmar  iirny  be  heanl  in  tli(» 
crursil  vein  during  t-xpiratioii,  wliieh  is  cans*; J  by  a  ei-ntrifugal  furrent  of  birxxl.  owing  to  the 
ineonipct«ace  or  alist^ncc  of  tijo  valves  in  this  nigion.  If  the  valves  at  tlie  jugular  bulb  wc  not 
tight,  there  may  be  a  bruit  with  expiration  {expiratory  jugular  vein  hnnt^Hamemjk),  ot 
during  thft  cardiac  wyHtohi  (.»i/,vfW/(?  jmgidsir  vein  brait — ».  Bamhergtr). 

ni.  Valvular  Sounds  in  VeinB. — Whtii  the  tricUHpid  valve  is  incompetent  during  the  veil - 
tricnlar  svntolc,  a  large  volume  of  blotxj  is  in'0|]«lled  ba<jkward3  into  tbf  vemc  L'ava*.  The 
veri^ni!*  valvea  are  clojied  sudilenly  thcrt*by  Ami  a  bound  produced.  Thia  oet'urd  at  the  bulb  or 
dilatation  on  the  jugidar  vein  (i^.  Bamberfjer),  and  in  the  cniral  vehiat  the  groin  (JV.  Friedreidi)t 
i.e,f  only  ah  longsii*  the  valves  are  corni>etcnt.  Forced  ejcpinitioti  may  causu  a  valvular  iiouud 
in  the  crural  vein.     No  J^ouud  k  beard  in  th*?  veina  under  perfectly  normal  circumstances. 

99.  THE  VENOUS  PULSE— PHLEBOGRAll—Metliodfl.— A  tracing  of  the  niovemeuts  uf 
a  vein,  taken  with  a  lightly  weighted  sphyj^inogmph,  has  a  characteritstic  form,  aud  h  called  » 
phJebogram  (hg.  131).  In  order  to  interpret  the  variou.H  events*  of  the  phlcbograni  it  bt  most 
important  to  record  stnrultaticonsly  tlie  events  tliat  take  place  in  the  heart.  The  auneular  eotl- 
traction  (compare  tig.  47)  la  Mynchronoui^  with  ab  ;  kf  with  the  ventrkukr  ayHtole,  during  which 
time  the  first  sound  oceura,  whiiat  a  6  is*  a  presyatolie  niovenitfnt.  Tin?  carotid  pnlae  coine]de» 
nearly  with  the  ajiex  of  the  cardiogram,  i.e.,  almost  siniultaneously  witJi  the  descending  limb 
of  the  phlebogram  [Rietjtl). 

Oceasionally  in  healthy  individnalii  a  pui^atile;  movemeut^  syiit^lironons  with  the 
action  of  tlie  heart,  may  Iwi  oljserved  in  the  common  jugnlar  vein.  It  is  either 
confined  t^y  the  lower  part  of  t!nj  vein,  the  socalled  hull*,  or  extends  farther  up 
along  the  trunk  of  the  vein.  In  the  latter  ca.s»*,  the  valves  aliove  the  bulb  are 
in8uffi(  ieut,  whieh  is  by  no  means  rare,  even  in  health.  The  wave-motion  passea 
from  btdnw  u|>wanl8,  innl  i.s  most  obvious  when  the  person  is  in  tlm  passive 
horizontal  position,  am^  it  ia  more  frequent  on  the  right  wide,  because  tlie  right  vein 
lies  uear<*r  the  heart  than  the  kdt.  It  id  propagated  more  slowly  than  the  arteriid 
pulse- wave.  The  venous  pulse  resembles  very  elosely  the  tracing  of  the  cantiac 
impulse.     Compare  fig.  131,  1,  with  tig.  47, 

It  is  obvious  that,  as  the  jugidar  vein  is  in  direct  communication  with  the  right 
auriile,  and  as  tlie  i>reasure  within  it  is  low%  the  systole  of  the  right  auricle  must 
cause  a  positive  wave  to  be  propagated  towards  the  jn^ripheral  enil  of  the  jugular 
vein.  Fig,  131,  9  an<I  10,  are  venouji  pidse-tracingH  of  a  healthy  person  with 
insuffieieney  of  the  valves  of  t!ie  jugidar  vein.  In  the.sc  curv(^s  the  part  a  h 
corresponds  feo  the  contraction  of  the  auricle.     Oceasionally  tins   [>art  consistB  of 
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two  elevations,  oori^j.spotuling  to  the  uontrartioii  of  tbf  atrium  inul  auricle 
respectively.  As  the  }>loovl  in  the  riglitanrii'le  receives  an  itnpiilne  from  the  isudtlen 
tension  of  the  tricar jiii I  valve,  si/nchrtfnom  ttifh  the  nijdole  iff  the  riifht  ventrkle, 
there  is  a  fjonitive  wuve  in  th^^  jngnhir  vein  in  tig.  131,9  and  10,  indi<'Jited  by  b,  c. 
Lastly,  the  sudden  closure  of  the  |iulnioniiry  vtdves  nmy  even  he  indieate^l  (e). 
Ah  the  aorta  lies  in  direct  relation  with  the  indnionary  artery,  tlie  Mwiden  closure 
of  its  valves  may  also  he  iiulicated  (h^.  KJl,  9  at  tl).  During  the  diastole  of  the 
auricle  and  vejitricle,  fdood  flow^  int-o  the  heart,  »o  that  the  vein  partly  collai^sea 
an<l  thf  lever  of  thi^  recrnding  instnuuent  deseendii*. 

ElauH  and  Betiaal  Pulse. — The  blooti  in  tLit-  biiitii^eH  af  tlie  braui  Mao  und^i'goe^  a  milaatih^ 
moveiiifiitt  Qwiiig  to  tlit*  Tact  tlmt  during  cardiac  diastole  raiicli  blood  fiowa  into  tnt'  veins 
(Afosso).  Under  favoviriihle  circarnBtaac^st,  thin  movement  may  be  propngated  into  the  veins  of 
tbci  jrtiitti,  eonjititutin^  tlitu  rtntnt^s  rttinfii  ptiht  of  the  (jhhv  observem  {HcJ/irirk). 

Pathologicftl  Jugtilar  Vein  Pulse. — The  venutis  pultie  in  the  jngiil^r  vein  is  far  better  marked 
in  »?^t^(_/fo•^V'/k7/  of  th'  ti'knspid  ralrc,  imd  the  vtiu  niny  pul.*uite  violently,  but  if  its  valves  b<* 
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^™  Fig,  131. 

I  Venoua  palaea  (Frirjiirkh),     1-8,  from  iiiHufticieary  of  tlie  trieimpid  i  9,  10,  pulse  of  tlie  jtigulav 

K  vein  of  a  healthy  person.     In  all  the  curves,  a  i  =  contraction  of  tbe  right  auricle  ;  h  i\  of 

■  the  ri^Ut  ventnele  ;  d^  cloMiire  of  tlie  nortie  vfllves  ;  r,  eloaare  of  tbc  pulmonary  valves  ; 

■  ef,  diastole  of  the  right  rentricle. 


perfect,  the  poise  is  not  propagated  along  the  vein,  ho  tliat  a  puhe  ui  (hr  jrt^uhtr  irin  m  not 
necaaarihf  a  m'lpi  of  inmijkuncy  of  the  Irituifpid  iktivf,  hut  only  of  insnfiieiency  of  the  valve  of 


the  Itigukr  vein  {Fritdrti<ih), 


dTor  PuIm.— The  ventricular  systole  in  propa^te<l  into  the  valveless  inferior  vena  t^ava,  and 
causes  the  livtr  puhe.  With  eaeli  »yHtole  hlocwl  pftHses  into  the  hepatic  veins,  so  that  tJie  liver 
undergoea  a  tti/Hlttlic  sKrilinff  ftttd  injt'dion. 

Fig,  131,  2-8,  nrc  eurve^  of  the  pulse  in  the  eoninvoii  jugidar  vein*  AItlioujj;li  at  firMt  d^ht 
the  curves  appear  t«  he  very  ditferent,  they  all  agree  in  this,  that  the  various  events  occurrmg 
in  the  heart  during  a  eardiae  revolution  ore  indicated  more  or  leas  completely.  In  all  the 
curvea,  <t  ft  =  auricular  contraet ion.  The  aimcle,  when  it  contracts,  excites  a  positive  wave  in 
the  vein  a.  The  elevation,  h  e^  j.-*  cau.sed  hy  the  lai-ge  bloo^l^Wave  jiroiiaced  in  the  veins,  owing 
to  the  emptying  iif  the  ventricle.  It  is*  always  gieater,  of  course,  in  iiiHulKciency  of  ihe  tricuspid 
valves  tbau  under  normal  drcu instances  (fig.  131,  9  and  10).  In  the  lattei  caae,  the  closure  of 
the  tricuapid  valve  cauBes  only  a  slight  wave-motion  in  the  auricle.     The  apx,  c,  of  this  wave 
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nifty  be  higher  or  bwer^  acconliiig  to  the  tciwioji  iii  the  vein  nnd  the  piessmre  c?xeited  by  the* 
«phyginoifrftph.  An  a  geneval  nm,  at  lesst  oue  iiotel*  (4,  b,  tl,  e)  M]ov;»  the  ftj^ex,  due  to  the 
prompt  clijHti re  of  tlie  vhIvck  of  the  pulmmiary  nrtt-iy.  The  clmuie  4(f  the  clt)i*(dy  ftdjjjt'^^nt 
fiortic  VftlveH  may  eaiiw  u  Hinall  secondary  wave  near  to  f  (ns  tn  I  a^d  2,  rf).  The  eurv«?  TaIIh 
towutjs  /",  eorieHpotidin^  ti>  the  diantfjle  of  the  heart* 

A  well- mar kinl  vcikhis  pulse  oce(ir*i  when  the  riijhl  aurick^  is  {prtdly  eoHQfsisdj  as  in  wis**?*  of 
in*(UJIicieiicy  of  the  mitnil  viiJve  or  steuoHis*  nf  the  aame  oriht't'.  In  Jtire  enscs,  in  cidditiou  to 
the  pulse  in  the  cwnmon  jiigidar  vein,  the  external  jugnlar,  the  facial,  thyroid,  extenmL 
thoracic  veins,  or  even  tlic  veins  of  the  tipper  and  lower  extreniitien  may  pulsate.  A  siniilar 
pulHatiori  must  occur  in  the  pulmonary  ven^  in  ndtni!  iiisutticieney,  hut  of  course  thi^  renuU  in 
not  vinible. 

Oil  rare  occoHioiis  a  \\nW  oi^ciirs  in  the  veins  im  the  back  of  the  hand  and  foot,  owing  to  ihi' 
ttrteriul  pulse  being  propagated  through  the  capillaries  into  the  veinft,  ThiH  may  ovvut  nnder 
iiormiil  eireumstances^  wht'ii  the  penph*-ri:d  endB  of  the  orti^riea  become  dilHtcd  and  relaxed 
{Qtiimrk^),  or  when  the  hlooilpressiire  within  tbej5e  vt^seiii  rises  rajddly  anil  falU  iks  j<nddenly, 
a»  in  inaufflciency  of  the  aortic  valves.     [Venous  pulsw^  in  suhmaxill  «ry  vein  (p.  135 J]. 

In  progressive  ellnsion  intu  tljr  pcricaniiuin,  the  iarotid  pnW  at  firat  hfromes  i^maUeraiid  the 
VenoiiK  pnlne  lar(jj4*r  ;  Imymid  a  revtaiu  ntage  of  pressure  the  latter  ceases  {liirgrl}. 

100.  BISTRIBUTION  OF  THE  BLOOD.— In  thi-  vnbbit,  one-fourth  of  the 
tidid  anniiLut  of  tln^  bbHuHs  fnuml  m  t-arb  of  the  following: — a,  in  the  pmssivf 
mnswh'H ;  ff^  in  tht^  liver ;  r^  in  tlu*  oi-giuns  of  tlu"  fircnhition  (lieurt  and  great 
vesm?Ii^) ;  di  in  nil  other  part#i  togetluT. 

HethCHli. — The  it«'th*MlH  ftdopt<Hl  do  not  give  exact  I'esult.s.  J.  Kanke  Jigaturi*<l  the  jiartH 
ditriiig  life„  n'Tin>i't"d  thciii^  and  invt'stigaite<l  tlie  amount  of  Idotwl  while  the  tiKsneMare  still  w^irui. 

Influondng  Condi tiona, — The  antount  of  hlixni  is  influemretl  by  — (1)  tht-  anatomie^il  diiitribtt- 
tioii  iif  tin*  vesselt  ( uiKinilarity  or  the  reverw)  nu*  a  whole  ;  (2)  the  diameter  of  the  vej»eb,  which 
depends  uiwoi  phyHVobtgical  eaysc»— {«)  on  the  hlood- pressure  within  the  vessels  ;  (b)  on  the 
londition  of  the  va»o-niotor  or  Vitso-diljitor  nervew  ;  (c)  on  the  condition  of  the  tissues  in  wtiich 
the  blood-vessels  ure  distributed,  r,j/.,  the  v(^sel»  of  the  intestine  during  aWirption  ;  thcvesaels 
of  niiLsele  during  nniseulav  i-oiitinction  ;  and  the  vessels  in  inflamed  partn. 

The  most  important  faitor^  however,  is  the  .st^xte  uf  acti¥ity  of  the  organ  it.^elf  ; 
hence  tli*'  snyiiig,  **ubi  irritjitio,  ild  iittlnxuH/*  We  may  instance  the  coiige«tion 
of  the  salivary  ghnnk  and  the  i^astrii^  nuicoHs  nienihrane  dnring  digestion,  and  the 
iiiereti.sed  vaseiilurity  of  nuLselej^  dnring  euntrnetion.  As  tlie  activity  t>f  organs 
varii'H  at  diflferinit  timei^,  the  anttmnt  of  hlnml  in  (he  part  ar  onjan  tjoes  hand  in 
hand  With  the  rariafiom  in  itii  Mufeti  of  adirity.  When  some  organs  an?  congested, 
otliei^s  are  at  rest ;  dnring  digestion  there  is  mimeidar  relaxation  and  le^  mental 
activity  :  violent  tnnscnbr  exertion  retiirdw  digestion^ — during  great  congestion  of 
the  eutiiueou^  ves^sidM  the  activity  of  the  kidneys  diminishes.  Many  organs 
(hearty  ruu»cles  of  iivspiration,  certain  n«"rve-centres)  seem  always  to  be  in  a  nearly 
uniform  state  of  activity  and  vasrnlarity  I  Hiring  the  aetidhj  of  an  onjaii,  the 
amtnmt  of  bhxMl  in  it  may  be  inrreaseil  30  |ier  cent.,  nay,  even  47  pcT  cent.  The 
motor  organs  of  yonng  niiiscnlar  pcr^^nns  an*  rt^lativdy  nn>re  vascuhkr  than  those  of 
old  ami  feeble  persons  {*/.  liunke).  In  the  cojidition  of  inert^ased  activity,  a  more 
rafnd  r*f7ie*i!nf  of  the  Idooil  seems  to  ut^-cur;  after  muscular  exertion  the  duration 
of  the  cirtulatioii  diminishes  (  VfWimlt). 

Duriug  *i  condition  of  nu'iitiil  activity,  the  carothl  is  rlilated^  the  dicrotic  wave  in  the  CATotid 
curve  is  inereAs*"*!  (the  nidial  showt*  the  opjx»!*ite  condition),  und  the  pulse  ia  iiicreaaMi  in 
frequency  (Ginf), 

Age. — The  dfirlopturnt  of  the  htart  and  large  PeaatU  determines  a  different  distrihutimi  of  Uir 
blood  in  the  child  from  tiiAt  which  obtains  in  the  adult.  Tlie  heart  is  relatively  nmall  from 
infancy  up  to  pnberty,  the  vessels  are  relatively  largi^ ;  while  after  puberty  the  heart  is  lime, 
and  th«  v«hs(;1s  are  relatively  smaller.  Hence  it  foUows  that  the  liIood-j>res$ure  in  the  artcfltf 
of  the  systetnic  drculation  must  he  lower  in  the  child  than  in  the  adult.  The  pulmonary  mtUtj 
11  relatively  wide  in  the  child,  while  t!ie  aorta  is  relatively  ^mall ;  after  puberty  both  TraMni 
have  nearly  the  same  sire.  Hence  it  foliovi-s  that  the  Idootj- pressure  in  the  piUoiouary  vcaMla 
of  the  child  ia  relatively  higher  tbau  that  in  the  adult  {Br  a  eke). 

101.  FLETHYSMOGEAPHY.— In  order  to  estimate  aud  r^ter  the  amoiiui 

of  bkxxi  in  a  limli  Mosso  devisetl  the  plethysiaograph  (fig.  132). 
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It  consists  of  A  long  e^^lindrical  glass  vessel,  G,  suitwl  to  nccominudHti^  li  liink  Tlie  opening 
through  whkb  the  limb  h  latrwlucfd  h  vhined  witli  L-aoutrhoue,  and  thi'  vesi*el  is  filled  with 
water.  Then*  is  an  ofwiiiiiig  in  the  siile  i»t  tb^?  vessel  in  \^hii;li  a  loaiMinieter  tube,  hllcMl  to  a 
certain  height  with  water,  is  fixed.  As  the  arm  is  ejdarged  owing  to  the  iiiereiised  su|tply  of 
Arterial  blood  panning  iiita  it  at  each  piilae-beat,  of  course  the  water  columu  in  the  tnaiioTneter 


FiK.  132. 

Mowo'fl  plethysmograpb,     G,  glusn  ve,ssi»l  for  boldinR  a  limb  ;  F,  tlask  for  varying  the  water- 
preHMure  in  G  i  T,  record  big  apparatus. 

m  r&ised.     Fiok  plaeed  a  float  upon  the  surfaee  of  the  water,  and  thu.^  ^uahltMl  the  variation?!  in 
the  volume  of  the  lluid  to  be  iiis(iihe<l  i>n  a  revolvinjjr  cylimier.     The  euive  ohtaiiuil  ustiiihled 
the  pulse-curve;  it  was  even  dicrotic.     In  fig.  132  the  tiu>i'eiii*^nt  of  the  fluid  is  r*  i,i .   >  nr.  .l  as 
oouveyed  to  a  ^farey  «  tainljour,  T,  aimilar  to  the  recording  ap|mratiis  employed  in 
pauspliygmograph  (Hg.  88). 

The  cylinder  C  may  be  filled  with  air.  Kries  fills  it  with  gan  iind  ^umiwrts  the  lube  Itading 
t-o  T  to  a  gait-hunter.     Tlie  vjirijitions  in  the  gfivH-flame  are  then  |>hiit<jgraphed. 

Eesultfl, — (I)  Pulsatile  Variations  in  the  Volume.  -As  the  venous  current  is 
regartli^d  as  uuiforiu  in  the  pjiKsive  limb,  every  im  re-ise  of  tlie  volujiie-eurve  iudi- 
cateH  a  greater  velocity  of  tlip  arterial  current  towards  the  jn'ripheiv,  and  viee 
ve}*»d  (Firk),  The  curves  ix^gisteriMl  l>y  tlie  apisartitus  are  Tolume  pulses,  an<l 
thc^y  resemble  the  curve  of  the  dri*Miogri\ph  {fi^^'.  127,  111),  The  a&eent  of  the 
curve  indicates  u  greater,  the  ileHecnt  a  diminished  inflow  of  artitrial  hh^xl. 

At  firfft  «iiilit  the  plcthyHinograpli  curve  (volume-pvilKt^,  ^  90,  7)  U  very  like  the  jniW-enrve 
{preMsure  pulse) ;  l>i>th  are  dierotie.  But  there  are  differences  ;  the  volume  (lulse-eurve  beyond 
tliie  at*ex  fallH  more  rapidly.  Thin  rapid  falb  whieh  is  not  aeeompanietJ  by  a  eorreji[M>nding  fall 
the  preaMure,  in  attributed  by  v.  Kricj*  to  peripheral  rellesion.     The  dieiotit;  wave  occurs 

oner  in  the  vobiujp^iulse  than  in  the  puke -curve. 

(2)  The  respiratory  undulatioiis  correspond  to  similar  variations  in  the  hlocwl- 
pm«sure  tracing  (\^  85,  /}.  Vigorous  renpiratioii  and  res^ation  of  the  respiration 
cause  a  diminution  of  the  vnhime.  The  linih  swells  durinjij:  straining  and  coughing, 
but  diininisheB  during  sigluiig.  (3)  Certain  periodic  imdulatiOEs  occur,  due  to 
the  regular  jieriodic  conti^tctions  of  the  small  arteries.  (4)  Other  undulations,  due 
to  various  accidental  causen,  aflfbct  the  blocKl-|>reKsure  ;  clianges  of  the  position  of 
a  lirah  acting  hydrostaticuliy,  ami  ililatation  or  ciaitractiou  of  the  vesiiel.s  in  other 
Viiscular  regiona  (5)  Movemeiit  of  the  nuincles  of  the  limb  under  oliservatioii 
causes  diminution  of  volume,  as  tlie  venous  current  i.s  accelerated,  the  rnuHculature 
18  also  very  slightly  diminished  in  vohitne,  even  when  the  intni-musicuhir  ve^isek 
are  dilated.  (C)  MenfaJ  ejrerrim  causes  a  diminution  in  the  volume  of  the  lindi, 
and  so  does  sleep  {Mo^m).  Mime  influences  the  blood -pn^ssuro  in  dogs,  the  pros- 
sun^  rising  or  falling  untler  ditferent  conditions.  The  state  of  exeitemeut  of  the 
auditory  nerve  is  transmitted  to  the  meilulhi  oblongata,  where  it  acts  so  as  to  cause 
acceleration  of  the  action  of  the  heart  (Doffief),  (7)  CumpreHmm  of  fhe  qferetit 
arUry  causes  a  decreaHc,  atnl  fompres^tim  ft/  the  vein  an  increase  m  the  volume  of 
the  limb  {Mosm).  (8)  Stimulatioji  of  the  vaso-motor  nerves  causes  a  decrease, 
that  of  the  vaso-dilators  an  increase  in  the  volume  (Bowditch  am!  Warren), 
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102.  TRAIJSFUSION  OF  BLOOD.— Transfusion  is  the  introtluction  of  blood 
from  one  animal  into  llio  vascul:n  system  of  auother  animal. 

(a)  The  red  corpuscles  are  thf  most  ini|tortjint  elements  in  connection  ^vit!l  the 
restorative  powers  of  tlie  hliMwh  They  seem  to  prec^erve  tlieir  functions  even  in 
bh>o(l  which  hits  heen  tletibriiiatcd  ontsiile  tlic  hoiiy  (S  4,  A), 

(b)  With  rcf^aint  to  the  gases  prc^j^cnt  in  tlie  blorrtl,  arterial  l>lf^otl  ne%'er  acts 
injiirumsly;  bnt  vcnou.s  blooil  uverebargcii  with  carbonic  acid  ought  only  to  be 
tmnsfii8cd  wht^n  the  respiration  is  suflicient  to  oxygenate  the  blocd  as  it  jiaasei* 
throngh  tlie  pnbnonary  capillaries,  whei-eby  venons  is  transh)mied  into  arterial 
bioi>il.  If  the  respimtory  niovement«  have  ecas^Hi,  or  arc  imperfectly  performed, 
the  blood  heeomci?  rapidly  richer  in  carbonic  acid,  and  in  tlii&s  cf>nditic!n  rcachci* 
the  heart;  tbenee  it  is  propelled  into  the  blood-vesiiels  of  the  medtilla  oblongata, 
where  it  acts  as  a  powerful  stimnln^?  of  the  respimtijry  centre,  causing  dyapncea, 
convulsirais,  and  tleath. 

(c)  Th*'  fibrin,  and  the  suhst^un-es  frfun  which  it  in  formed,  do  not  seem  ta  play 
any  part  in  connection  with  the  restorative  power*!  of  the  hloixl ;  hence,  defibri- 
nateJ  blood  performs  all  the  functions  of  non-<lefibrinated  blowl  within  the  body 
(Panum,  Lmi*hm). 

(tl)  The  investigations  of  Worm  i I  idler  showed  tliatan  excess  of  S^  |ier  cent,  of 
blood  may  be  transfused  into  the  vascular  syst4.nn  of  an  animal  (dog)  without  pro- 
ducing any  injurious  effects.  Hence  it  follows  that  the  vascular  system  lias  the 
power  of  acconunfKjating  large  quantities  of  blixKl  within  it.  That  the  vas<  idar 
system  can  accommwlatc  it>sclf  to  a  iliminished  amount  of  bloiul  has  been  known 
for  a  long  time  (S  85,  r).  It  is  very  im[>ortant  to  *>bserve  tliattbe  transfusion  of  a 
large  rjuantity  of  bloml  ihws  n*it  materially  or  p<Tnjanently  raise  the  Idood-prcRsure. 

Wlien  Employed.— The  transfusion  of  bloixl  is  used— (1)  in  acute  ansemia 
(S  41,  1),  t'jj.,  after  copious  lia^morrhage.  New  blotsl  (150  to  500  r,c,},  from  the 
name  ^^e€^es  of  ardmal,  is  introduced  directly  into  the  vesaelm,  to  supply  the  place  of 
the  blootl  lost  by  the  haemorrhage. 

(2)  In  cases  i>f  poisoiUIlg',  where  tlie  blooil  has  lieen  rendered  useless  by  being 
nuxed  with  a  poisoning  substance,  and  hem  c  is  unable  to  sujiport  life.  In  such 
cawes  remove  a  considerable  ipiantity  uf  the  blood,  and  rejilace  it  by  fresh  blood. 
Carhi^nic  oxide  is  a  poison  of  this  kiiul,  and  its  elh'cts  on  the  bcsly  have  already 
been  descriljed  {§  16).  A  similar  practice  is  iniHcated  in  poisoning  with  ether, 
chloral,  chloroform,  o[)ium,  morphia,  strj'chniiie,  ccd*i*ji  poison,  and  such  sul>stances 
as  dissolve  the  blood-corpustdes,  c.f/.,  potassic  chlomte. 

(3)  Under  certain  pathoLogical  conditioiis  the  blood  may  Iwcome  so  altered  in 
quality  iis  to  la?  unable  to  supjiort  lifi^  The  nior|ihological  elements  of  the  blood 
may  he  altered,  and  so  may  tlie  relative  proportion  of  its  other  constituente. 
Amongst  these  conditions  maybe  cited  the  ijathological  condition  of  uraemia,  due, 
it  may  be,  to  the  accumulation  of  ureai>r  the  products  of  its  decomiKisition  within 
the  hlocxl  ;  aciumnlation  of  the  biliary  constituents  in  the  blooil,  and  great  increaae 
of  the  carbonic  acid.  Ail  tliese  three  conditions,  when  very  [>rononnced,  may  cause 
death.  In  these  cases,  part  of  the  impure  hlood  may  be  replaced  Ijy  nonnal  human 
blood. 

Amongst  cofidititais  wheit!  the  morpholo^cal  constituents  of  the  Itlotxl  aix?  altered 
qualitatively  or  quantitatively  arc  :  hydremia  (excessive  amount  of  water  in  the 
Idood,  §  41,  1);  oligocythc'Pmia  (abnormal  diminution  of  red  blood -cor  pnseles)* 
Wlien  these  eonditiuns  are  highly  developcil,  more  especially  in  pernicious  ansBinia 
(g  10,  2),  healthy  bhxwl  may  \»^  substituted.  Transfusion  is  not  suited  for  persons 
suffering  from  leuktemia  (compare  p.  21). 

After  Effects, — A  quarter  or  half  an  liom*  after  normal  blood  has  been  injected 
into  the  Idood- vessels  of  a  man,  there  is  a  great£?r  or  less/W^/'i7e  reaction^  accorduig 
to  the  aiaount  of  blood  transfused  (Fever,  §  220). 
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Operflitioii.— Tilt?  ojiorativL-  prf>ijiMiurp  to  be  adoptwi  in  tbp  iuhmj-chs  of  tmiixfusioii  viirieu  accortl- 
iug  as  defibriimtefl  or  non-dHfilniiiatr^i  h\oo(i  in  UKe<i.  In  orJt^r  to  deRbniiate  bbjrx?,  aoiin?  bbKHJ 
is  withdrawn  front  a  vtiii  of  a  hi^altliy  man  in  th^onUnary  way,  colioct^^  in  an  oj»en  ve^wt'l.  and 
wbi|iped  or  beaU'n  vvitli  a  ^lass  rod  until  all  tUt?  tVbrin  la  eonii«lett'Iy  rt^nioved  from  it.  It  in 
tlit'n  llUerod  tlirougb  an  atia^  tiltcr^  hiatal  to  tlie  temiwiiUine  of  the  btxiy  (Ity  plurinj^  it  iu 
n  TesHtfl  in  warm  water),  and  injwtcd  by  Tiie^ri«  of  a  syringe  bito  an  artery  ojiened  for  tbe 
purjiosie.  A  vein  (f^y.,  Ijasilie  or  great  uapbenonH)  may  be  Helflcted  for  tbt'  traiiHfnHiun,  in  wliieli 
case  tlii^  Ijloml  w  driven  iiiwanl  in  the  direetioii  of  tlie  bu^art  ;  if  an  artorv  in  selected  (radial 
or  poHteri^r  tibial)  tlit^  blood  h  injected  towards  tfie  (teriphery,  or  tovviirdK  tbe  beart, 

li  non-deflbriimted  huuiaii  blotid  is  nsed,  the  blood  may  Im  jiaa^sed  fimctht  from  the  arm  of 
tbe  giver  to  tbe  arm  fd'  tlie  receiver  by  nR'ani^  of  a  ilexible  tube,  'ibe  tnbe  useil  uniHt  l>e  lilled 
witb  nornial  fialine  »olutif>o  to  (irevent  the  entrance  of  air.  [J.  Pnnean  eollects  tlie  Wo^i^l  ?*bed 
din  ifig  uii  o[«*ratiijii  in  a  5  per  eent.  ,solntiojj  of  siodie  (diospbate  {Par^f},  and  injeeta  tbe  inixturit, 
t?»i>ecndly  wbere  nineh  blood  bftii  been  lo«t  previously,] 

Ba^tigera. — It  In  mewil  in]i»ortaiit  that  no  air  hv  allowed  to  jia.*«^  into  tbu  circulation^  for  if  it  be 
intrmlueed  in  sullitit»nt  quantity  it  may  tan^e  death.  When  idrt'UterKtbe  tircuktion  it  reaches* 
the  ri;<bt  side  of  tbe  lieart,  wliete,  owing  to  tbe  movement  of  tbe  hlood»  it  forms  air  bubbles  and 
makes  a  frotb.  Tbe  airbnbble'i  are  pumi>eil  into  tbe  foancbei^  of  tbe  piilmouaiy  arteiy,  in 
wbieh  they  beeome  impatted^  arre.st  the  lailinonary  circulation,  and  rapidly  cause  deatb. 

Peritoneal  TranBfuaion,— Reccntlv,  tlie  injection  of  deribrinateil  blood  iiitnj  the  jmihnml 
tamfif  ban  I't^eii  reeoinniendcd*  Tbe  hlor>d  so  injt-eted  in  absorbed  (Pmijkk),  Even  after  twenty 
minnteji  tbe  nuinWr  of  bloo<J-e«rpntic:leii  in  tbe  bb>o<l  of  the  recipient  (rabbit)  in  increased,  and 
the  nnmbiM"  ia  yieatest  on  tbe  first  or  sfeoiul  day.  Tin?  0(iiM*ation,  however,  may  eau-iic  deatb^ 
and  one  fatal  rase,  owing  to  phritoniti.%  is  nxoified  {Mofthr).  It  ih  evident  that  this  method 
of  tiansfuHion  h  not  applieable  in  cases  where  blood  muat  be  intiodiiecd  into  the  eireulation  aa 
rajodly  as  |>0Asibk'  (r.y, ,  after  iwvero  h.'emorrbagc  or  in  certain  ej:usf.s  of  poisoriiug.  [Blood  bas 
been  injected  into  the  subcutaneous  cellukr  tissue  of  tbe  alHlonien  in  easea  of  great  debility.] 

fieterageneoiiA  Blood. ^  The  bltxtd  *]/  animah  omtftl  MVfrt-  to  be  irttn^fused  into  tht  hhnd-vfssdn 
of  ma  IK  It  is  to  i>e  reiuembtred,  bouevei„  that  the  Idood-ncorituselea  of  tbe  «hee|j  are  rajddly 
dissolved  by  liuman  bloody  so  tli^it  tbe  at^tive  eonstituentH  ol'  tbe  blo«>il  are  rendered  UHeleas 
{Lamloifi).  Ak  a  /.jeiieral  rule,  tbe  blood -sennii  of  some  inamoiali*  diwiiolvei*  the  Vihiod -corpuscles 
of  fbtber  mammals  (g  f\  Ti). 

Solution  of  tbe  BioCNi-CorpuBclea. — Tlie  iwntm  of  dog's  bloml  is  a  powerful  solveut,  wbile 
tbat  of  the  blood  of  tbe  horse  and  rabbit  diHsolvea  cor[iuaele8  relatively  slowly*  The  blood- 
corpnatles  of  niammak  vary  very  git-atly  with  reference  to  their  jiower  to  ret^ist  tbe  solvent 
aA:tion  of  tbe  Hern  m  of  otlitr  an  in  nil  h.  Tho  red  blood- cor]  aiselcs  of  rabbits'  blood  are  rapidly 
dissolved  by  tbe  bloixl-senini  of  other  anirnak,  whilst  those  of  tbe  <!at  and  dog  resiist  tbe 
advent  action  much  longer.  Solution  of  the  torjntHcles  tx^curs  in  deiibrinated  as  well  as  in 
ordinary  blooft  When  tbe  Itloofi  r>f  a  raldiit  or  laujb  h  injected  into  tbe  Idood-vesaels  of  a  dog, 
tbe  red  blijod-eprpuselea  are  disjiolved  in  a  few  nnniites.  If  blooii  be  withdrawn  by  pricking  tbe 
skin  with  a  needle,  tbe  nartially  dinsfdved  corpuscles  may  he  detected!. 

liberation  of  mBmoglobin  and  Ha)mogIobinuria>~As  a  result  of  tbe  solution  of  tlio  coloured 
eorptiisele»,  the  1  dood-tdaama  is  reffdened  by  tbe  libirated  baMuoglobin.  Part  of  the  disaolve<l 
matenal  may  be  use^l  up  in  tbe  body  of  tbe  recipient,  some  of  it  for  tbe  formation  of  bile^  but 
if  the  solution  of  the  corpu.*icleH  bas  been  extensive,  the  bstnioglobin  /s  txcrrtrd  in  fM  nrinr 
(hieinoglobinnria),  in  le*s  amount  in  tbe  intestinif*,  tbe  bronchi,  and  tbe  serous^  cavities.  Bloody 
urine  baa  been  oliaerved  in  man  after  the  injection  of  100  grams  of  lamb  s  ldoo<l.  Kven  some 
of  tlie  recipient's  blootl- corpuscles  are  dissolved  by  tbe  serum  of  the  transfused  blowl,  r.y,,  on 
trans  fusing  dog's  hi  oo<l  into  man.  In  the  rab}»it,  whose  eorpusclea  fkw  i-eadily  dissolved,  tbe 
transfusion  of  tbe  fi/f.K>t^*rri/w  of  the  dog,  nian^  ]jig,  sheep,  or  cat  produces  serious  symptoms, 
and  even  death.  Tbe  dog,  whose  ei>rpuseles  are  more  resistant,  bears  transfusion  of  other 
kinds  of  blotMl  well. 

Dangera. — Whmi  fitreiipt  ov  heUrogmcoua  blood  (rf  ,  blood  from  a  dilferent  species)  ia  trans - 
fuj*ed,  two  phenomena,  wbicb  may  be  dangt*rous  to  life,  occur  : — 

(1)  Before  tlie  corpuscles  are  disBolved,  tbey  usually  run  together  and  form  sticky  niasaes, 
consisting  of  10  or  12  corpuscleSp  which  are  apt  to  occlnde  the  capdlariea.  After  a  lime  they  give 
uji  their  hienioglobin,  lea.vuig  tbe  stroma,  wbiili  yields  a  sticky  fibrin-like  mass  tliat  may 
tuclude  fine  vessels  (g  31 ). 

(2)  Tbe  [ireaence  of  a  large  quantity  of  dissolved  Iwuioglobiu  may  t^ause  ex teusive  coagulation 
w itb ill  the  blood- vesseK  The  injection  of  dissolveiHuemoglobiu  causes  extensive  coagidations 
{Nauiifpi  and  Frani'ken), 

Tho  coagulation  mcui's  usually  in  the  venous  system  and  in  tlie  larger  vessels,  and  may  cause 
death  either  suddenly  or  after  a  considerable  time. 

Dissolvetl  bffmoglobin  seems  greatly'  to  incrtase  tbe  activity  of  tbe  til»rin -ferment  (§  aO), 
perhaps  by  arcelera ting  tho  disintegration  of  the  oilonrless  coi-jmscles.  Hteniogloliin  exposed 
to  tbe  air  gradually  loses  this  prorierty  ;  ami  tbe  fibrin  IVnnent,  witen  in  contact  with  ba'tno- 
g  obiUi  is  either  destroyed  or  rendered  less  active  {Sadtusendifhl}. 
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VaACular  Symptomfl.^ — Ah  a  result  of  tlip  nlMivtMiaiiied  (^uiiseH  <jf  04jcluftwii  of  the  vessels^  there 
arc  ofteu  sigtis  ol'the  L-irt-iiliition  being  iniiiHlKl  in  vftiioiis  organs.  In  man,  after  transfiision 
i}(  lamb's  blmjcl,  tlie  skin  is  bhibli-red,  in  i'wijscniii'iirc  of  the  i^tagnation  i>f  blo(Ki  in  the 
cutaneous  vessels.  Diffieulty  of  Itreatbin^  CRcurs  from  obstruction  in  the  capillarie§  of  the 
lung  ;  while  there  iiuiy  Ih^  m|>tiiie  of  small  broufhial  vesnels,  musin;!<  sanguineous  t!X|iector»- 
tioTi.  The  dyapnctA  may  in«.'reu8e,  eifj^'cially  wlnni  the  eircnbition  through  the  tiRdnllA 
i>ljlofigatn — the  scat  of  tb«  rfspiratory  ct*ntre — in  interfiled  with.  In  the  digestivt'  trucl,  for 
the  Hainn*  rmMU,  ifi^ira^iyf  i>^^.iisftilins,  ovacuatiou  of  the  lontfiits  of  the  ret  tuni,  vomiting,  and 
abdominal  pain  may  occur.  Thejit  phf'iiomeiia  are  explained  by  the  fact  that  dlHturlmuees  of 
the  cirenlation  in  the  intestinal  vessf Is  caiiee  increased  perist4iltie  movements,  Degeneratioa 
of  the  imrenehyma  of  the  kiifttet^  oeciirs  as  a  rejnult  of  llie  o<'eln5iioTi  of  some  of  the  renal  ve«»elK, 
The  uriniferi>UM  ttibules  become  j^luggt^d  with  eylindere of  eiMJf^ulatefi  aUnimin  (Ponfick).  Owin;; 
to  the  oeelurtion  of  nuniiTOiis  Btnall  iimseular  branehes,  the  miisehs  may  be<>onni  stilT^  orcoaguU* 
tioii  of  tlieir  myosin  may  weur  Other  synii>tonia,  refcrabk  to  the  jterrouHsyHtem^  scnsr-orgatiA^ 
and  hmrf,  are  all  due  to  the  interferente  with  the  eirculatiou  through  them.  An  important 
flymptom  is  the  i>ceurrenee  of  a  couHidemble  amount  ty(  fnrr  half  an  hour  or  so  after  the  tmn*- 
fuHiou  of  h«teru^enons  blood  (§  '>00).  When  many  vessels  are  oeclvideilj  ru[>ture  of  soiue  small 
blood -veHselH  may  take  place.  This  exjilaiiiii  the  oeenn'enfe  of  slight,  yet  persistent  ba^morrbagejs, 
which  o<i'ur  on  the  free  surfat'eH  of  the  rnueouH  and  serous  meDibranew,  and  in  the  parenehyDm 
of  or<(aiiH,  &A  well  -ah  in  woimds.     The  hlotrtl  eoagidatea  with  difficulty,  and  imperfertly. 

TranBfasioii  of  other  Fluida,— Other  ^ivhstani^a  have  been  transfused.  Normal  iaune  solu- 
tion (0*6  ]>fr  ( ent.  NaC'l),  or  Bemm  from  the  same  ftpef.*ies,  aida  the  tirindation  in  a  purely 
lu^crbaiiical  way  {Oot(z\  and  it  even  exeites  the  circulation  (Kroneckci*).  In  severe  ainemia  tbia 
fluid  Ciinnot  maintain  life  (Etiktibtnyj  awl  Ltrndoia).  The  injection  of  peptone,  or  rather  the 
ftlbumoiee^  tven  in  moderate  amounti  in  d&ngerous  to  life,  as  it  causes  paralyws  of  the  Vb^«lii 
(p.  3ti), 


The  Blood  Glands. 

103.^1— THE  SPLEEN.— StniGture.-^The  .spleen  i^  eovt-red  hy  the  peri- 
toneiim,  exce]jt  at  tlie  liiluTii.  l^inb  i  this  serous  coiTring  then?  is  a  tougli, 
thick,  elaatic,  fibrous   capsule,    \\birli    tloscdy   in  vestas   the    ofgan   and   gives   a 

rovt'rltig  to  tlie  ve.sstdfi  which  enter  or  leave 

it  ill.  the    hihnii,   so   that    tibroun    txsj^ue    in 

cjirri^'tl  into  the  organ  al^mg  the  eonrse  of  the 

v«^8J*ek  (tig.    133).     [The  capsule  niiinot  be 

si'iianil^'d  witbuut  ti'aring  the  >i|denie  pulp.] 

Xunierou:^   trabecullB   \nis»   into    the   spleen 

frnni  the  deeii  surfate  uf  thv  eap8ule,  whero 

t]n*y  hnuudi  auil  anaHtoiinwe  m\  as  U*  prtxiuee 

a  network  (d'  Hustentiienlar  tifssne,  whieh  is 

eontiiumus   with    the   eoimeetive-ti.'^sue,  pnv 

hmged  inwards  and  .stirr<ntnding  the  blood- 

vesHels    (lig.    1 34)*      Thus,    tlie   eoniiective- 

.f  tisiiue  in  the  spleen^  m  in  other  visceni,  18 

^>  oontinuons  throughuut  the  organ.     In   this 

:  M^S}  way  an  irregular  den.^e  network  ia  fonned, 

*''":fT  ?|  i?oin|»arjil)le  to  tin*  nie^hos  of  a  bath  sponge. 

Vi  [This    network    in   easily    demoustratcad    by 

HP?5AvvK^'i)i^^:?%  washing  out  the  puli»  lying  in  It;^  uieKhes  by 
means  of  a  stream  of  water,  when  a  Ix^autiful 
soft  8einiHda«tie  network  or  framework  of 
rounthnl  and  flattened  tli reads  is  obtiiined] 
I'he  capsule  (iig.  133)  i«  eonijH>8ed  of  inter- 
lacing hnndles  of  connective-tissue  mixcMl 
w^itli  nuiaeroua  line  fibres  of  elastic  tissue  and  some  non-strijied  til>re8. 

Beticulimi. — Within  the  meshes  r>f  the  tnihecular  fmniework  there  is  disposed 
a  very  ilelic«ti3  network  or  retienlnm  of  atk^noid   tissue,  which,  with  the  other 


Fig.  133. 
Secttou  of  human  »pleeii 


C.  *|iU"nl^  p»tr  ; 
Vu  Artery, 


10  times. 
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colourt^il  i/leiiH^iit«  tlmt  ^11  up  the  vii(\sho8,  consititute  the  c?pleiiic  jiulp  (tig,  135), 
Tlii'  reiit  ulum  iKtHiiitinumuH  witli  tlie  iibrt's  of  the  trjiihei'iilie.  [If  a  fine  seL'tioii  of 
till'  .spleen  Ijc  "  peiicUied  ■ '  in  water,  so  as  to  remove  the  ceHuIar  eknieiit^,  the 
prejmrntion  presents  niinAi  the  s^^nie  ehiiracters  m  a  section  of  a  lymjih  gland 
snnilady  treatt^dj  viz.^  a  very  title  network  of  iuhnioid  tissue,  eontinnous  witli,  aijil 
mirroniidiug  the  wall^  of^  tlie  hlood-ves-^eli?.  Tlie  wjiaecs  uf  tliis  tii^ue  nrv  hlled  with 
lympli-  and  l>lood-i"or[>nHeles,] 

The  pulp  is  a  dark  reddi.sli  eoloured,  semi-flnid  material,  whieli  maj  be  squeezed 
or  wa^'^hed  out  of  the  ine^«h»'.*«  in  whirli  it  lies.  It  eontaiuH  a  large  numher  of 
eolour^'d  bbM:Ml-eor[ai.^rles,  and  heeoiaes  laigliter  when  it  m  exjioj^ed  to  the  action  of 
the  ^^xygetl  of  tin*  air. 

Blood' VeB&ele  and  Malpighian  Corpufllces. — Tln^  largf  spleni<^  artery,  accom- 
panied hy  a  veiti,  .splits  np  into  several  !»ranehes  l)effn'e  it  entei-s  the  spleen. 
Both  vessels  mu\  their  branches  are  enelojsed  in  a  fibrous  sheath^  whic-h  he  conies 
continuous  with  the  trabecnlj**.  The  smaller  hranches  of  the  artery  gradvially  lose 
this  Hbrouji  inve?<tment,  and  each  one  idtimut'Cly  divides  into  a  gi'ovip  or  i>eneil  of 
arterioles  or  penicilli  fckk'h  do  mft  aiicuitomom  ?c//A  far//  other,  [Thus  each  branch 
is  tenninal — a  eoiniition  which  is  of  great  iniportainH*  in  eonnettion  with  the 
patliology  of  eiaboOsm  or  infarction  of  the  vessels  of  the  spleen.]  At  the  points 
of  divisitm  i>f  the  branches  of  the  artery,  or  scatterei!  ahaig  their  conrsi%  ar«'  small 
oval  or  globular  masses  of  adenoid  tissue  (^  to  -^  ini-h  in  dianieter),  the  Malpighian 
CorpuBcl€B.     [These  bodies  are  visible  to  the  naked  eye  as  small,  ronnil,  or  oval 

whit<'  strnctun  s,  aliout  the 
size  of  millet  st-ed,  in  a 
section  of  a  fresii  spleen. 
They    iiif   very    nmuerous 


^  v^ 


^ 


Fig.  134. 

al0  of  the  splet'tj  of  a  cut  witli  the  splr'iiii;  pulp  wjksli*<d 
out,     ff,  trab<?€ulu  ;  b^  vi^iii. 


Fig.  136. 

Adeuoici  rcticahiui  yf 
spk'eii  of  cat. 


—[70,000  in  ninnj^and  are  readily  detectfd  in  the  dark  r^'ddish  pulp.  One 
must  be  cjirefid  nc»t  t^^  mistake  sections  of  the  tralaHul.^  for  them.  These 
corpuscles  ronsist  of  adenoitl  tissue,  wlmse  meshes  are  Jilled  with  lymph -cor- 
[>u.scde.s,  anil  they  |jreseiit  exactly  the  same  structure  us  the  solitary  follicles  of 
the  intestine  (^  1D7).  They  are  .small  lymjihatic  accunnijations  aroun<l  the  arteries 
— peri-arteriai  masses  of  adenoid  tissue  siuiilar  to  those  nnu?«es  that  occur  in  a 
slightly  dilferent  form  in  other  organs,  e,r/,,  the  lungs.  In  a  section  i>f  the  sjdeen 
the  artery  may  |>ass  through  the  centre  of  the  nnvss  or  through  one  siije  of  it,  and 
in  .some  ca-scs  tlie  tissue  is  collectiHl  nnetpudly  on  opposite  sides  of  the  vessel,  so 
tliat  it  is  h:)l>side.d,  Tliey  are  not  surrouuiled  by  any  special  envelope.  In  some 
iinimals  the  lymjihatic  tissue  is  continued  for  some  ilistance  along  the  small  art^^ries, 
HO  tliat  to  8ome  extent  it  i^esemblea  a  peri-\^ascnhir  sheath  of  ad  en  1  ad  tissue.  In  a 
well'injected  spleen,  a  few  fine  cajiillaries  are  to  lie  fownd  within  thcst^  eorfnisclcji?. 
The  ca|ullarii's  distributed  in  the  substiineeof  the  Malpighian  corpnscle  (fig.  13G)form 
a  network^  and  nltimately  |xnir  their  Viloml  into  the  spaces  in  the  pulp.     According 
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to  Cadiat,  the  corpuscles  are  sepiiratod  fr<nii  the  splenic  pnl[>  l\v  i»  lyiujVbaiin  ^iiiirf*, 
whirl  1  in  tniverseil  1>v  cllViviit  cainllariis  piis^in^  to  tho  pu]|»  {h^.  IM). 

Connection  of  Arteries  and  Veins, — It  i.s  vtry  difliiiiit  t^iilettrmiiu*  what  i^  the 
exact  mode  of  teniiiiintion  of  the  arteii«*8  within  the  8ph?en,  more  est>t*'^'iully  m  it 
is  extremely  difficult  to  inject  the  bh^xl-vessclrt  of  tlic  spleen.  According  to 
Stieda  and  otljei-si,  the  fine  "eaiallary  arteries''  formed  hy  the  division  of  the 
small  arteries  do  n«>t  open  dirci  tly  into  tlie  cai>illury  veins^,   hut  the  connection 

l>etween  the  arUnies  anil  veins  is  hy 
ineuiis  of  the  **  intermediary  inter- 
cellular spaces"  oi  the  rrtiruhiia  of 
the  8|>k"<'[i,  so  IhiiU  iiirorilin;4  to  this 
view,  there  is  no  continuous  ehanni'l 
lined  throughout  hy  cpitlieliuni  i't«n- 
neetin*^^  these  vesKels  one  with  ;uu»tlien 
Thus  the  lilutMltif  the  .s|ile*'n  ilows  into 
the  spares  of  the  adenoid  reticuhini 
ju8t  as  th*'  lyinjih-streani  flow??  tli rough 
the  Hpiu  es  in  a  lymph-gland .  Acconh 
ing  to  Billroth  and  Kidliker,  h  chimed 
lilorKl-ebannel  actually  does  exi^t  ht^ 
twLH'ii  the  capillary  arU^ries  and  the 
veiui?,  consisting  of  dilated  spaceJi 
(similar  t<i  tho^e  of  erectile  tissue). 
Thesi'  int^'rmediary  spaci^s  are  said  U> 
be  completely  lincil  l\v  .spLndleshaiHHl 
*  pit  helium,  which  abut.s  externally  on 
tlie  ri'ti<'uhuu  of  the  jmlp.  [Aci'ording 
to  Frey,  owing  to  tin*  walls  oi  the 
tenninal  ve^sek  lieing  incomplete, 
there  heiiig  clefts  or  j*puce8  between  the  cells  composing  them,  the  blood  jmsses 
freely  into  sjjaees  of  the  adenoid  tissue  of  the  pulp  **  iu  the  sjime  way  a^  tlie  water 
of  a  river  finds  it*^  way  amongs^t  the  pehblea  of  its  bed/'  these  *' intermediary 
passages"  being  luamded  directly  }^y  the  cellH  and  tihren 
of  ihi^  netwiirk  of  the  pnl|K  From  thr  [i^issiiigi^H  the 
vianais  radicles  arise.  At  first  their  walls  are  imjierfect 
and  erihriform,  and  they  often  present  peculiar  transverse 
markhigs,  due  to  tlirs  circular  disposition  of  the  ebi^tic 
fibres  of  the  retieulum.  Tlie  small  veins  have  at  first  a 
differcntr  course  frr>m  the  art^^ries.  They  anjLstomo**e 
freely,  hut  they  soon  lieccane  ensheathed,  and  arrom]winy 
the  arteries  in  their  eoiirse.] 

Elements  of  the  Pulp  (fig.  i:i7)— The  morphological 
elements  are  very  various— ( 1 )  I^ym]>h -corpuscles  of  various 
sizes,  sometimes  pjirtly  Rwollen,  and  at  other  times  with 
gra nular  conte nts .     ( 2 )  Red  1 1 1 ood-c<  irpu selen.     ( 3 )  Transi - 


Fig,  UG. 
MalpigMaii  corpuwle  fif  h  vuVa  sploen  iiiji'^ctiMl. 
u^  artt-'iy  ;  b,  uiewhes  of  tho  jmlp  iijj**et^tl  ;  f\ 
the  artery  of  tlio  oorpaaele  nnuif^uug  m  the 
lynnjlmtic  tissiu-  f:fjiii poking  it. 


Fig.  isr. 


Elements othumnuspltMiic    tion  fonn8  betwe^-n  1  and  2  bdthough  this  is  denied  bv 
pulp,    bcolourkifs  cells;  ,  /l*-    /^i       ftz  ^  ^^  ^  ■    -  iit      i 

2,  cmlothdium;  3,  m'  ^''^"^^  i^hservern  {^  i,  (  )],  (4)  (.ells  .Hintaming  red  hlofHl- 
corpuseles  and  pigment  granule.^.  [Tiieso  cells  exhibit 
amoehoid  movements,]     (Compare  S  8,) 

[LymphaticB  nndoulitedly  arise  within  the  siileen, 
hut  they  are  nut  numerous.  There  are  two  systems — a 
superficiiil  or  cajjsular,  and  tniltecuhvr  system  ;  and  a 
peri-vaj«;idar  set.  The  snperficial  lymphatics  in  the  ca[>side  are  rjither  more 
numerous.     Some  of  them  se<un  to  eoninuvnicate  with  th«^  lymplmtiei?  within  the 


our<»i;i  b[fKxl 'Corpuscles  ; 
4^  celLn  rijiitaiiiiog  grati- 
ulee^  tlie  upper  one  with 
a  eutouriejts  Itlooibeor' 
pUHck  b,  ein  losed  in  IL 
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organ  (Tomm^  KoUiker).  In  the  lioij^t  "h  s|»lLt'u  they  com  muni  cat  u  with  the  hm- 
pbiiticH  in  the  tralteculje,  uiiil  witli  the  jieri-vastiilar  lymjihtitii's.  The  t?xact  nioile 
of  mi|,rin  of  tli<^  peri- vascular  system  is  iiiiknowi],  Init  in  iiart  at  h'ast  it  hegoi^  in 
the  s]iaei's  of  the  aUeiioid  tissue  of  the  Mal|«i<^rhian  i orjniseh^s  ami  j^eri-vasculai^ 
a(h^ooid  tissue,  auil  runs  along  the  arterie8  tu wards  the  hOnm,  Tlierf^  seem  to  hc^ 
no  atlerent  lyinpliaties  in  tlie  sph^en  such  as  exist  in  a  lymphatic  glamh] 

The  nerves  of  th+;  s[»h  en  are  eomi>osed  for  tln'  most  iiart  of  nem  luedulhitCHl 
nfrvedihrcs,  aud  tun  along  with  the  artery.  Their  exact  nioiie  of  termination  ift 
unknown,  lint  they  prolmhly  go  to  the  hlocKl-vessels  and  to  the  nniscular  tissue  in 
the  capsule  ami  tmltecnifp.  [They  nre  well  seen  in  the  spleen  of  tlie  ox,  ami  in 
their  course  verv  small  gan^^lia,  jilaced  wide  apart,  have  hcen  found  hv  Remak  ami 
W.  Stirling.] 

Chemical  CompoBition. — Sivcml  ot  tlie  niore  liighly  oxitlised  .stages  of  albumiiiDUN  tunlicj* 
exist  ia  tlie  j<[jleea,  iJcsides  the  ordiuaiy  constituents  of  the  hlornl^  thi*rc  exist: — leacuj, 
tyrosia,  xitatlihi,  liypoxmitbia  ;  lactic,  butj'ric^  acetic,  fonaic^  nuccirne,  ami  inic  fniUh^  lunt 
|K*rlittfJs  glyrero- phosphoric  acid  {Safkmi^ski)  ;  eliolcstt'iia,  ii  gliUiii-like  hody,  iaosit,  a  jiigniciit 
i caitainiag  iroa,  and  cvoti  free  irdu  oxide  (JVwjww).  The  a^li  is  rich  hi  idiosjihoric  acid  and  ir<iii 
(p.  170 J  ;  poor  ia  chlorine  coiafHTUwda.  The  splenic  juiiM?  is  alktilinein  reaction  \  the  sp&citi*? 
gravity  of  the  Hpleca  -  1059-1066, 

The  functions  of  the  spleen  are  ohac\iiv^  Init  we  know  aome  fai't^  on  which  to 
form  a  theory.  [The  sjih  en  ditlei's  from  other  organs  in  that  no  very  rt|»parent 
effect  is  ju'oduced  hy  it,  so  that  we  must  determine  its  oses  in  the  economy  from  a 
considemtioii  of  such  facts  us  the  folhnvino  : — ( 1 J  The  etreet.s  of  its  removal  or 
(extirpation.  (2)  Tlie  chan<(es  whieh  the  blond  undergoes  us  it  ptu^scs  through  it. 
{3}  Its  chemical  ronjposition.  (4)  The  results  uf  experina^iits  n]>on  it.  (o)  The 
eflects  of  diseas<*s.] 

(1)  Extirpation.^- The  sjjleen  may  be  removed  from  an  animal — oldorvfauig — 
without  the  organism  sutiVring  any  very  olivions  change  {Oafrn).  The  liuman 
spleen  has  been  successfully  reiuo\'ed  l\y  Koi^erle,  Pmn^  antl  others.  As  a  residt 
(com{>ensatory  ?)  the  lymphatic  glands  enlarge^  but  not  eonstantly,  while  the  blood- 
forming  acti\dty  of  the  red  maiTow  of  brine  is  increased.  Small  brown isti-red 
patches  wer**  observed  in  the  in  t  is  tineas  of  frogs  afUu'  ex  tiri  nation  of  tlie  spleen. 
The.se  new  formations  are  regarded  by  jsome  observers  as  compensatory  orgjjus. 
Tijszoni  asserts  that  new  .splenic  structures  nni  formed  in  the  omentum  (horse,  dog) 
after  the  ilest ruction  of  the  iiartMichyma  and  blood-vessels  of  the  sjileeu.  The  spleen 
is  absent  ixtremely  seldom. 

[The  weight  of  th*^  animal  (dog)  dimiuiiihes  aftfT  tbe  operation,  but  art<?rwaixia  iuercaisefl* 
The  imraW  of  r^d  blood 'CorpnsLlew  is  leH»eaed,  rcaehin^  Its  laininiimi  abont  the  150th  to  the 
200th  day,  wliih^  thi*  colourles?*  corpiistdes  are  iin  icaiipil  in  mmdMnr.  The  lyaiphatic  glands 
(espcfoially  the  latcnmh  and  those  ia  the  neck,  aieserttery,  aad  gi'oin)  enlarge,  svliile  on  st'ctiou 
the  cortical  Hub.ntanee  of  thi^w  stracturei!  is  redder,  owing  to  the  great  nnaih*?iof  rcfl  corpuaclea  ; 
many  of  them  are  nacleaterl  in  the  lymj>h  sjkact's  {Olbttmi).  The  laarniw  of  all  thp  long  bones 
(those  of  the  fool  excepted)  beronies  very  red  luid  Nolt,  with  the  characters  of  einhryoaie  hone- 
laarnnv.  Sach  aninmls  withstand  ha^aiorrhage  (to  |  of  the  total  nmouiU  of  blood)  without  any 
«I>eci ally  had  resnltii  {ri::i(^?u',  WintHjraduic).  8chiadeler  observed  that  animals  after  extiri^a- 
tion  of  the  spleen  bceaiiie  very  rareiions,] 

[BfigeneratioD^ — After  entire  removal  of  the  spleen,  aodnles  of  splenic  tiHane  art'  reproducwl 
(fox)  ;  while  new  adenoid  tisHne  is  funned  in  the  lym|«htttic  gknds,  and  in  Feyefa  patcbeM, 
the  fnirencliyaift  of  the  former  coniiiig  t«  re.seii>ble  splenic  tissue  {Tiztont,  Etcrniid).] 

(2)  Aicoiiiing  to  Oerlacli  and  Funkn  the  sj>Ieen  is  a  blood-formiiig  gland.  The 
blootl  €>f  the  .splenic  veiu  contains  far  more  colourless  c^orptisclew  tlian  the  lih:»od  of 
the  splenic  artery  (p.  53).  Jfany  of  these  corpuscles  nndergo  fatty  degeneration,  an*l 
tii.sappear  in  the  ldr>o<l-stTeanK  That  ciili»urle,H.s  f>looil-corpnscleii  art^  fiuined  within 
the  EJtplecn  fM?enrs  to  k^  |U'*>ved  by  the  enornions  uuniher  of  the.se  eoriaiHcles  whieh 
arc  fotuid  in  the  bluod  in  cases  tif  leiikfeniia  {Biumft  (1852),  Virehow),  Bizzozero 
and  Salvioli  fiaiml  that,  s«  veral  days  after  severe  haemorrbage,  the  spleen  became 
enlarged,  and  Jt^  parenehynia  contained  luinierouH  ri^tl  nucleated  ha?niatobbi9t«. 


I/O 


FUNCTIONS  OF  THE  SPLEEN. 


[Sec.  103. 


(ll)  UtliPi"  oV»si'i'viM\s  (Kfiiiiher  ami  Eeker)  rc^gjinl  the  ^Am-n  as  mi  tir>;aii  in  wliicli 
coloured  blood-corpuscles  are  destroyed,  ami  ihvy  rmiMw  the  largo  pruto|jhi«ir»i«-' 
cx^lLs  containing  |>igiiiPiit  gniiudrs  :vs  a  j>roof  of  this  (p.  168).  According  U*  the 
ohsiTvations  at  Kiisnctzow,  these  strnctiip^s  aro  merely  )yniph'Corpu.sch\^,  which,  in 
virtiiL^  of  their  aina^lmid  luovomcnts,  liave  cnUingled  coloui'ed  hkwKhcorpU8cles. 
[iSueh  corpuj^L'lcjs  t^xlahit  similar  i>ro|H'rties  when  placetl  uj^wm  a  warm  stage] 
(Similar  cells  occur  in  extravasations  of  hlootl.  The  coloured  hlocwl-iorjaiscles  within 
tht^  lyiiiph-<*ellrt  gradually  become  disintegraU'd,  ami  give  ri.ne  to  the  i>r(xkirtioii  of 
graiuiles  of  luematin  and  other  derivatives  of  haemoglohiu.  [The  spleen  contiiim* 
,Ho  much  free  iron  that  a  set  tion  of  this  tirgan,  c\specially  from  a  young  animal, 
whrn  treat*_'d  with  Ti^^xoui's  fluid,  f\e.^  witli  jhitJLs.siL'  ferroeyanide  and  hvilrochlorie 
acidj  gives  a  ilistinct  hhie  i  olunr  (^  174,  4).]  Hence  the  spleen  contains  more 
iron  than  citrrefiiHindH  to  the  anionnt  of  bhKjil  ]irt'8cnt  in  it  Whin  we  consider 
that  the  spleen  contains  a  large  nniTd)er  of  extractives  derived  froni  the  decomiKwi' 
tion  of  proteids,  it  is  very  probable  that  coloured  bl<KMl-corpusele«  are  tlestroyed 
in  the  spleeiL  Further,  the  juice  of  tlie  spleen  coutiiins  sidUs  similar  to  those  that 
occur  hi  the  re*l  blood-corpu sides. 

The  MwmI  from  tlit."  siilecn  h  mid  In  have  inidergoiic  other  flmiigi'fi,  bof  t!io  followiaK  nUtte- 
lacrit  aiiLst  Ue  arreiittd  with  tautiori  :--The  biood  of  the  aplemc  vein  coatains  more  water  and 
fibiia,  iiH  red  hlowj  L'or|taj«cle«  ari^  snmller^  hrighter,  less  flattened^  more  Tcsistaut,  and  do  imt 
form  HHdeaax  ;  \U  hii?iiniglohi^ri  ivry«iUllin.e»  luore  easily,  and  there  vt  a  lai|<v  projMii  lion  of  0 
during  di^'ttt ion.  fThc  Kennij  of  the  Ithiod  ttf  the  Hplpuit:  vein  doe.'^  not  differ  from  ihat  of  the 
IdcKid  of  the  hiu]y  genoraliyd 

[The  sjdeen  lais  therefore  vtny  direct  relations  tothebloial  ;  in  iteohiun^ii  blocnb 
eorijuscles  undergo  disintegration,  it  produc^es  colourless  ci>riaisclcs,  and  it  is  saitl  to 
transfttrm  whit^^  corpuaclcj^  into  red.  The  last  staU^uieul,  however,  dties  not  agi-ee 
with  Llie  ^•iew  that  the  retl  and  white  eorpuscies  are  eaidi  develojied  frtun  special 
corjiusch's,  and  that,  in  fact,  they  are  developed  independently  vf  eacli  other  {{>.  13).] 

(4)  Contractiort — In  virtue  of  the 
plain  muscular  tilires  iu  its  capsule  a n*! 
irabeeuke,  the  H[jleen  undergoes  varia- 
tions in  it«  vi»lume,  Stimuktion  of 
the  spleen  or  it«  nerves^  by  cold, 
eli'ctrii'ity,  quinine,  eucalyptus,  ergot 
of  rye,  and  other  *' splenic  reagents '' 
eauses  it  to  contract,  wle'reljy  it 
hecomes  paler,  and  its  surface  may 
<'ven  ap^jear  gmnular.  A/ier  a  mraly 
till-  sjdeeii  hicreases  in  size,  and  it  is 
nsually  largest  aliout  live  hours  aftitr 
digestion  has  bi^gnn,  i.e.^  at  a  time 
when  the  digestive  f>rganH  have  almost 
finished  their  work  ami  liave  again 
become  less  vascular  Aft<?r  a  time 
it  regains  it-s  original  volume,  li'or 
this  reason  the  sjileeii  wjis  formerly 
regapled  as  \\\\  appai^atns  for  regulat- 
hig  the  amount  of  bli>od  in  tlie 
digestive  organs.  [The  congestion 
of  the  aplei'U  after  a  meal  is  more 
probably  related  Uy  the  formation  of 
new  coliHirh'ss  corpuscles  than  to  the  <lestruction  of  red  corpuscles.  It  may  lic% 
however,  that  some  of  the  products  i4  digestion  are  partially  acfceil  uiM>n  in  the 
Bpleen,  and  umlergo  further  change  in  the  liver.]     There  is  a  relation  lietween  the 


Fig.  1S8, 

Roy's  Oncometer  for  the  spleeu.     T,  T,  tahes  to 
Iw  connected  to  the  oncograph. 
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HizG  of  the  ^plt^eii  ami  thni  of  tlie  livi^r^  fi>r  it  ia  found  that  when  the  Ridopii 
i\)iitracts — e.fj^f  Ijy  ?^timulatioii  of  its  lUTves — the  liver  becomes  ejilarged^  aa  if  it 
were  iiijeet^Ml  with  more  hluod  than  U8nal  (Drosdow). 

[Oncograph. — Botkin,  and  more  reeentlj  Roy,  have  studied  various  conditionsi 
wJiii  h  attV-i't  the  size  of  the  spleen. 
Roy  enelnseil  the  sjileen  of  a  do^  in 
a  hux  with  rigid  walls  (tigs.  138,  139} 
tlu^  oncometer  (ayico^,  volume)  and 
Hlh'd  with  oil  afUn-  the  manner  of 
the  plethyHmngraiih  <§^  101,  276). 
Any  variationft  in  the  size  uf  the 
iirg5in  eaused  a  variation  in  the  , 
anjrMint  of  oil  within  the  box,  ami 
thfsr  variations  ^vvvi•  reeurdL^l  Ity 
means  of  the  oncoginiph  (§  276). 
Tln^  bl(xxl'pn^s8iire  wiis  mcortled  at 
the  sitme  time.  The  cii*cidatioii 
thron;^h  the  HpU-en  is  peeuliiir,  rind 
h  not  due  t^}  tht*  blorwl-| ireH.su rr 
within  tlie  arteries,  Tuit  is  curried  on 
ehiefly  by  a  rhytlimieal  contraetion 
of  the  mUficnlar  hhres  of  the  aip- 
«ule  ami  ti'JiheeulcT.  The  sfdeen 
undergoes  vory  r^^gular  rhythmical 
roiitraetianH  (systole)  and  dilatatioUcS 

(diafitole).  Tliis  alternation  <>f  syst^ile  and  dii^^tole  may  last  for  hiuirs*,  and  the 
twr>  event'^  t^igether  occupy  about  one  minute  (fig.  140),     Changes  in  the  artc^Hal 


iig-  139, 
Fig.  138  ahown  ojicth 


Blood   prcsAfJ 


/^f'j^J\^^^^^ 


V'^^'^^T^VvvvwaW^V^^'' 


Al)Sci»8fL  of 


Z  sec^   mtfrvnip 


Tnieiiig  of  a  Bplenif  curve,  rtMlueed  uuedinlf,  taken  with  tlic  iMJcogniph.  The  anper  hue  with 
large  wav«H  w  tin*  sjiloiiic  fiiu've,  eaeh  ajicent  correspontls  to  an  inciea-se,  aa<l  enifh  descent 
to  A  fliminution  in  the  voliune  of  the  spleen.  The  cnrve  heueath  is  a  lilotKl-prfjwnre 
tracing  from  the  carotid  artery*  The  lowest  line  indieatva  the  time,  the  iutcrmptions 
of  the  marker  oc-eiuTing  every  two  set:'ojid>!.     Tlie  vertical  lines,  a  and  6,  giva  the  relative 

{K>sition«  of  tlii^  Icver-Twint  of  the  oiicogi-aph,  and  of  the  pfiint  of  tlie  recoiTlirtg  styk  of  the 
LyTnogra|)h  respt»etiveiy  {Roi/}. 

Idood-pre-Bsnr*^  have  comparatively  little  influence  on  the   volume  of  the  spleen. 
The  rhythmienl  contmrtions,  although  moiliiied,  still  go  on  aftt^r  section  of  the 
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spkiiic  nerves.     Tliis  would  r^vx^m  tn  imlicuik'  that  thi"  spleen  has  an  irulepvndent 
(nervrms)  inwlianisni  wiiliin  itself,  tansing  its  uiovoments.] 

[Influence  of  Nerves, — ^Spction  of  tlie  splenie  nerves  Ls  foUowod  by  an  increant^ 
in  the  size  of  llie  .spleen,  Tlie  nerves  have  tlieir  centre  in  the  niednlla  oblongata. 
Stimnlatiini  of  the  niedidla  ohlongftta,  either  ilir*'etly  or  Iry  means  of  a.sphyxiatetl 
hlocKl,  eaiLses  eontractioii  of  Ur-  i^pleen,  henee  the  spleen  is  "  small  and  contracted  *' 
in  death  froni  iisphyxia.  The  Hhres^  priKei-d  down  tlie  conl,  and  leaving  it  in  the 
<h»rsal  region,  enter  tlu^  left  s])Ianelniir,  pas^s  throngh  the  senii-hnuir  ganglion,  and 
thus  reach  the  aplonie  plexnn.  .Siiiiudation  of  the  peripheral  endf*  t'>f  the.se  nerves 
eanses  contnietion  of  the  Jitpleeii,  aiid  so  does  cold  apf4ied  to  the  spleen  directly  or 
ttver  the  region  of  the  organ.  In  the  last  ease  the  result  is  hronglit  id  tout  reflexly. 
liotkin  found  that  the  a|»plieation  of  tl*e  indnt  ed  enrrent  ti^  the  skin  over  the 
spleen,  in  a  ease  of  Irukfeiniu,  eansiMl  welhiiiarki'd  eoutraetioii  of  the  spler-n  in  all 
its  dimensions,  and  the  result  hlsted  some  lime.  After  every  sthnula^ion  the 
nnnd>er  of  eolovirh  ss  corpusrles  in  the  hlootl  inrrease<h  and  the  condition  of  the 
jMitient  improved.] 

[There  ia  a  iMipnlar  notion  that  the  i^pleen  is  intiueneed  by  the  condition  of  the 
nervous  system.  Botkin  found  that  de]u'e.^sing  emotions  increased  its  size,  while 
exhilamting  ideas  dinnnished  it.  The  causes  of  these  changes  are  referable  not 
only  to  elmnges  in  the  amount  of  hliMMl  in  the  spleen^  but  idso  to  the  greater  or  less 
degree  of  eontiaetion  of  its  niuseidar  tissui.  And  it  would  a|»|»enr  that,  like  the 
small  art^^ries,  the  mu??eular  tissue  of  the  spleen  is  in  a  stole  of  tonic  contraction. 
The  si/e  of  the  sjtleen  may  l»e  influeneed  reflexly.  TIjus,  TarehtUiotr  found  ihut 
stimuhition  of  the  cfiutral  eml  of  the  vagus,  when  the  splanehnies  were  int.net> 
it^used  eon  traction  of  the  spleen,  while  stimnlation  of  the  cerdral  end  of  the  scintie 
aliK»  caused  eontraetion,  but  to  a  less  degree.  It  is  (juit^  certain  that  all  the 
jihenomena  are  not  tlue  to  the  action  of  vtxso-motor  nerves  on  the  splenic  blood- 
vessels,  Tlierc  is  a  certain  amount  of  independent  action  of  the  muscular  fibres  of 
the  organ,  and  it  is  not  improltuble  that  tln#  innervation  of  the  spleen  is  pimilftr  U> 
the  innervation  of  arteries^  and  tliat  it  has  a  motor  centre  in  the  coni  capable  of 
being  influenced  reflexly  by  afferent  nerves,  while  it  also  sends  out  efFerent  impulses,] 

[Stimulation  of  (1)  the  central  end  of  a  sensory  nerve  ;  Vl)  of  the  i»eriplieral  en(U 
of  both  splanehnies  ;  (3)  of  the  periphemil  ends  of  Ix^th  vagi,  causes  contraction  of 
the  spleen.  But  even  after  section  of  the  sphniehniia  and  vagi,  stimulution  ol  u 
sensory  nerve  still  causes  contraction,  so  that  there  must  be  8ome>  other  channel  »is 
yet  TUikuiiwn  {llofj).  lioeliefontaine  found  that  electrical  stimulation  of  cert^iin 
parts  of  the  corti'X  cerebri  prixluced  contraction  of  the  spleen.]  Serisory  nerveH 
seem  io  i>ccur  tmly  in  tin?  pcritoneiun  covering  the  spleen. 

Hreiisure  on  the  siileaic  vein  canscM  enliirgi£*iiiciit  tit"  the  splteo,  hfiH^o  increased  |*resain*c  iu 
this  veiu  (toiigtjition  of  the  pjrtal  vein,  eessati^m  of  luLiiiorihoifliil  and  mensti u:d  di*iuhai*^(«8} 
iiIho  uAHsea  iti  erilurgeajent.  With  regard  trt  theaet&n  of  '*  splenic  reagente/'  siieti  as  qmnine, 
i>ii  the  contractitaj  tif  tbe  K|ilwn,  Hiiiz  is  of  opinioiijtlmt  tliis  diiiij  retMrtl-'  the  foramtiun  of  the 
coimirleAH  hloo»i-eori>tiHclea,  so  that  its  chief  fuiiLtii^n  is  int^TftTea  with,  and  the  or^aa  beconipx 
It'SH  vaMcukr.  It  is  aot  defiidtely  (lt'<:i(tccl,  hnuev^,  whether  it  iw  eoatraetioii  or  dilut^tion  ef 
the  Mpleen  that  flltei>  t!ie  pi-oportion  of  i  eii  and  u^ite  eorpimeleti  in  the  blootL 

Spteaic  Tumouni.  — The  ineieaye  in  si;<e  of  tlie  ^jpleen  in  various  fliseasea  early  attractcxl  the 
iittt-ntion  tit  physiitiftriH.  The  liiMiUhy  snlecn  undergcM?!*  s^cveral  variations  in  volunic  daring 
the  coiir»e  of  a  day,  coiTe8|KJiidiug  with  tlie  varying  activity  of  the  digestive  orpanw.  In  this* 
reBpeet  the  sjflwn  resembles  the  arteries.  In  many"  fevers  the  spleen  becomea  greatly  <sularg*d, 
(irtumbly  dne  t/)  jiaralysis  of  itii  nerves  It  is  greatly  inrrejised  in  intei-inittent  fever  or  sgae, 
iiiid  often  daring  tlic  eourae  of  typlius.  When  it  heeonicH  ahrtornnilly  enlarged,  and  reiuauis  bo 
after  repeated  attiuka  of  ague,  it  in  greatly  hypertropliied,  and  cooatitntes  **ague  cake/* 
In  Ciaftr  of  »|dt'nic  haikiemia  it  is  greatly  enlargtHl,  and  at  the  same  time  there  \s  a  gnjat 
IncreaMcr  in  the  nvnnber  of  coknirlcsA  eorpnseles  in  the  blood  and  also  a  deerease  of  tlie  uoloured 
oneM  {%  10). 

II*  The  Thymim —During  foet^il  life  this  gland  is  largely  developed,  and  it 
increa.ses  ilnring  the  first  two  or  tlirce  years  of  life,  remaining  stationary  until  the 


■ 


Sec.  103] 


STRUCTURE   01-^  THE  THYMUS   <;LAXa 


173 


? 


tenth  or  fi:mrt-<?eiith  year,  wlnu  it  l»^gina  to  atrophy  and  undergo  fatty  ilegenemtion. 
[The  degeneration  begins  iit  the  outer  [uirt  t»f  eacli  hihuUi  and  jirogre&ses  inwarda 
(//i>)*  Wahhner  finds  that  even  in  the  okh\st  ptTson  the  thy  111  uh  is  always  repre- 
Hented  V>y  a  imim  of  fiit,  at  leiist  as  large  as  the  tliymus  at  hirtli,  antl  idways  eon* 
taininj^'  some  adenoid  tissue  either  in  a  dilftise  or  nodular  form.] 

Structure.—"  It  consists  of  an  aggregation  of  lyinph-frdlieles  (resemliliiig  the 
glands  of  Peyer)  or  niai^es  of  avlenoid  U^ne  hid*  I  together  hy  a  framework  of 
roniieetive-tissue  whii  h  eontidus  blorKl-ves.si  Is, 
lyniiiliatie.s,  and  a  few  nerves  (fig.  141).  The 
framework  i>f  emnieetive- tissue  gives  otf  septa 
whieh  divide  the  gland  into  lobes,  these  heing 
furtlier  suhdivideit  by  tiner  septa  into  lobules, 
tlie  Inbulea  being  separat*'d  by  tine  bitra-lobnlar 
laiuellfT  of  eonneetive- tissue  into  follicles  (0  "5- 
1"5  ram.).  These  foliieles  make  up  the  glauil- 
8ul>stanee,  and  they  arc  usually  iiolygonid  wheMi 
seeo  in  a  s<.'L'ti»ai.  Eaeh  foiliele  eonsisLs  of  a 
cortical  and  a  medullary  part,  and  the  matrix 
or  framework  of  buth  consists  of  a  tine  Jiflenoid 
retieulum  whose  meshes  arc  filled  with  lyiuph- 
eoqiuseles  "  (tig.  142,  a).]  Many  of  these  eor- 
puscles  exhibit  various  stages  of  disintegratiiui. 
In  the  nieduUa  are  fouiiii  tin*  concentric  cor- 
puscles of  Haesal.  [**They  eonsist  of  a 
central  granular  part,  around  whieh  are  dis- 
posed layers  of  Hattened  nucleated  endotljelial 
ceUs  ajTanged  coneejitrieally.  When  seen  in 
a  section  they  resemble  the  '  cell  nests  '  of 
(*pitheHoma  (hg.  142,  b).  They  have  also  been  compared  to  similar  bixlies  wdiich 
occur  in  the  prostate.  They  are  most  numerous  when  the  gland  under>;oes  it^ 
retpigrade  mL-tamorphosis. "  Sig.  Mayer  finds  that  the  thymtis  of  the  frog 
contains  struetures,  with  transverse  markings,  identit  al 
with  the  stripes  of  striped  muscnlar  til>res.  TJie  struc- 
tures are  identical  with  those  called  ' '  SaTcoplasts  ^'  Ijy 
Margo  and  Paneth,  and  ^*  Sarcolytes "  hy  Sig,  Mayer. 
>  They  idso  <x:eur  in  hirge  nund)er8  in  the  tiiit  of  the 
larvae  of  batracliians,  when  the  Uiil  is  undergoing  a 
retr* (grade  metamorphesi.^.] 

Simon,  His,  ansi  others  described  a  convoluted  hhnd 
canal,   the  **  central  canal,"  as  occurring  wdthin  the 
gland,  and  on  it  tUe  follicles  were  stud  to  he  placed. 
Other  observtas,  Jendnissik  and  Klein,  either  deny  its 
exisfconce  or  regar<l  it  merely  as  a  lymphatic  or  an  arti- 
ficial  product.      Xnmerous  tine  lymphatics    penetrate    Eliiment«     of     the     thyiuu« 
into  the  interior  of  ilie  organ,  and  n^my  arc^  distributed       (  x300).    «,  lyni|>h-eorpus- 
over  iU  surface,  but  their  ruitde  of  orighi  is  unknown. 
[They  seem  to  be  ebannels  througli  whieh  the  lymph- 
corpuscles  are  conveyed  away  from  the  gland.]     Xumerous  biood-vessels  are  also 
distrihuted  to  the  septa  and  follicles  (fig.  141,  c). 

Ch«iaical  Compoflitioii.~Besicle.H  gt^Iulin^  albaiaia,  soda-- album  in,  there  are  sagar  aud  fat, 
leucin,  xaiitbiij,  liyj«>xiiiitliiii,  foriaic,  (it;etic,  biityrir,  ami  suct'iaiL'  acitLi.  Fotaali  and  phusphDriu 
mid  art^  inore  tthwi{linit  in  tlia  irjiA  than  swida,  i-akium,  magnesinni  (?ammoninni),  chlorine,  and 
suhdnirie  aeid. 

Function  of  the  Tkjmii«.--As  long  aa  it  exists^  it  ne^ms  tu  iierfomi  the  futictiotii  of  a  time 
1/mph^gUnd.     This  view  h  Bii]ifort4?d  hy  the  fact  that  in  veptileaand  aTiiphibians,  whieh  do  not 


Fig.  HI. 
.KcH'tion  of  the  thy  urns  gland  of  a  cat,  ivith 
one  eomplete  lohnle  witli  a  t^ortiiid 
part  rt,  and  a  tpntre,  k  a,  lymiihoid 
tissue  ■  c,  blood'Vesselii  injected  ;  rf, 
connect  ivi'-tisftae» 


Fig.  142. 


les;  hy  con t'en trie  cor |HiHck' 
r  Ha.s,sall. 
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ptissess  lyinpli-gUmI»»  the  thymns  it^nainH  us  a  prnuiiic^iitly  uctiire  oifi^i).  [Eitirpatioii  g»TP 
hw  (fcositive  r*'8iilts,  but  clu  uiical  iiivt'stigatioii  showa  tliat  tlio  parenchyma  coiituiiis  a  larj?e 
tmmhor  of  iirodufity  iiidiwithig  cDUHK^i^rablt*  mrt^vboliL-  activity  (Frkd/chnt).} 

[Development  of  the  Thymus. —Tlip  thymus  ia  the  or^an  which  enrhewt  shows  the  structixre  of 
ftdfttiokl  ttSNiie.  hoth  in  tli?  ontogeny  of  iiKlividual  raftiuiimlss  and  in  the  phylogeuy  of  the 
vertobratvM.  hi  niun  Hi.s  niaintaiiii*  that  it  isdmvpd  from  the  ci|>itheiinm  covering  tho  fourth, 
thinl,  aikcl  part  of  the  sacond  branehial  cleft,  whieh  tM-t'oines  eompresiied  in  the  anigle  Lwi'tvi^eijn  the 
ho*wl  and  net^k  (More  recent  oVwerveis  -KastrH-henko  and  fdhers—have  thrown  some  doubt  on 
the  correetiiesM  of  Hh's  obHervatiouH ;  (niobably  there  iktv  eonsiderable  dilfeit'nref*  in  ditferetit 
eliLiiHefi  of  vertebmte?*,  but  all  are  now  aKrocd  tliat  the  original  thymus  is  an  epithelial  organ 
Tfiftinly  derived  from  the  ej>ithelium  covering  the  gill-eleft^s.)  The  tube  of  epithelium — sinus 
pnccervi calls— so  fonneti  gix)vvs  inwards,  branching  dichotommiHly*  and  ramifying  in  tho 
e^mDectivc-tiasue  Unbind  tlie  Mtennini,  just  aboA'e  the  iierit^irditmi.  The  eells  forming  it  grow 
inwards  and  fiH  up  the  lumen  ot"  tlie  "glaud/'  and  at  last  of  the  duet  also.  By  thi$  epithelial 
ingrowth  the  same  eonilensation  of  eoiinective-tis«ue  h  hrought  ahout  a.<»  in  the  touniJ,  and  in 
tlie  aanie  way  blood- v  tassels  aj»[iearr  in  large  numbers,  and  lemwytes  begin  to  wander  out  of  the 
ve,s.^ls,  are  detaiinxl  ti}  the  tiie;*hes  of  the  eon neetive- tissue,  and  invade  the  nearly  fuiJctio»le»A 
epithelial  ghiiid  lobules.  The  tells  of  the  latter  proliferate,  and  the  older  celli*  of  the  lobule  are 
piLshed  to  the  centre,  become  eorniliedT  and  present  very  much  the  iui|i€arauce  of  the  cell»iiest» 
of  an  epithelioma,  forming  the  so-calliMi  *' concentric  corpuKcles  of  Hassalb"  While  the  leu«o* 
cytan  smm  eat  away  the  majority  of  the  epithcdial  celb,  and  break  tho  continuity  of  the 
epithelial  tube^,  the.se  cornif^ed  stnieture^s  long  realist  their  attacks,  ami  the  thynuus  always 
retains  the  lobular  ehamcter  imfvart^d  to  it  by  its  epithelial  j^re^'unior.  Tlie  leuetnytes  divide 
rapidly  by  luitosis*  iti  tlie  eouneitive-tis-sne  .surroniiding  thase  epithelial  remains,  though  no 
tnie  "  germ -centres**  are  ever  formed.  The  coin  jdete  removal  of  the  '*eonceutric  corpasclea" 
by  the  leucocytes  leadn  to  tlie  di^a|vparance  of  the  latter,  and  the  ap|>eamnce  of  fat  in  the 
position  of  the  thymus  :  but  Waldevei'  h*is  n*cently  shown  that  the  outward  hum  of  tlie  thymui) 
IS  always  preser^eil  in  this  fatty  mass,  and  tliat  it  is  always  possible  to  ciemonstrate  raicrosicopi- 
eally  in  Home  jMirt  of  it  a  remaining  bnnxH-yte  infiltration,  and  wherever  this  is  at  all  well 
marked  it  wjU  Ik'  found  to  .surround  a  Muvtving  **eoneeutrie  cor[m84^le  "  {0.  L.  fjtdfami),] 

III.  The  Thyroid  --Stnicture,— The  ghitnl  consist**  of  lobes  and  lobules  hehl 
t-«>j.(i^thpr  hy  cornif'etive-ti^'.^iiv  ritdr  in  celJg.  Eticti  lolnik'  i.s  iiuulc  up  of  numerous 
completely  closed  sacs  (004  toOi  mm.  in  diameter),  which  in  the  embryo  tin<l 
the  inMvlV'^M'rn  nniinal  nre  eomjMjsed  of  a  nieiiil>rana  [»ro]>ria  lined  by  a  single 
lu>'er  i»f  iiueleuted  Lnldeal  eelb  (%.  143).  The  sae.s  contain  a  transparent,  vi.-^ritl, 
alluiminons  ilnid.  [Not  unfri'qnentlv  tb^'  ^^^^'^  contain  iniiny  etilonred  Idotnl- 
corjuustdes  (IS^tber)^^  ¥j\vh  sac  in  surrounded  liy  «i  plexus  of  capillaries  wliicdi  do 
not  penetnite  the  membnitm  propria.  Tljere  are  nhi)  juunerous  lympUutic^ 
At  an  early  pcrioil  the  saci*  dilat'i*,  tlieir  cellular  lining  atrojthies,  and  their  contenti* 
nndei*go  colloiil  <h^gcn emtio ti.  Wlien  the  ghuid-ve*!icles  are  greatly  eidarged, 
**  goitre  ''  is  imxlnced. 

The  chemical  compoaition  of  thia  gland  has  not  l>een  tuneh  iuveBtigated*  In  addition  to 
tht'  ortlinary  i  onstituenU,  leuein,  xaiitlnn,  s>arkin^  lactic,  succinic,  and  volatile  fatty  acids  have 
been  fouitd. 

[Exciaioii — The  efreetit  fliifer  iir<ording  to  the  aninud  ot^'rated  on.  Tliis  gland  haa  Wen 
excised  in  the  human  »ul>iert  in  ran^s  of  g-ntre.  Reverdin  pointed  out  that  a  peculiar  condition 
nsults,  called  cachexift  Btumipnva,  nnd  |iraetically  the  liuman  lieing  hei-omea  a  fxctin.  Thi* 
operfttion  therefore  is  highly  ouestinnable  when  jwrfonued  on  man.  Habbtta  eutlurc  the 
operation  well,  and  so  do  the  sneep^  calf,  and  horse,  none  of  the  remarkable  Bj^mptouis  that 
ooctir  in  the  dog  and  monkey  being  manifested  l>y  them.  In  pigeona  no  obvious  itisturlniiice  i* 
produced  after  bilateral  exeij*!on  of  these  glands^  bo  that  they  do  not  up[tear  to  |ierfonu  any  imj^jrl- 
ant  fiiQction  in  these  animala  {R.  Ktr<iM).  Of  dogs^  cats,  and  foxe.^,  only  a  very  aniall  nund>er 
survive  ;  uearly  all  die.  It  ap]>ear8  therefore  that  herbivora  bear  the  oj>eration  and  sutfer  fewer 
■flcr-cfrects  than  caniivora  {Smufuirtc*}  ntid  Orec^hia],  Tlie  immethate  effects  are  hbnllar 
contractions,  which  ultimately  inlluenee  the  gait  of  tlie  animals,  convulsions,  sniestheaia,  great 
diminution  of  sensibility,  loss  of  flesh,  rednt»ss  of  the  ears,  and  intense  heat  of  the  skin  (whii.h 
dii»ap]iear  after  weveral  davi^),  dilhculty  in  seizing  and  eating  fwxl,  kerato-conjunctivitU,  and 
fre<punitly  di-.turlTane^  of  tlie  rhythm  of  respiration  with  dyspucea  and  sf^asms  of  the  abdomiiuil 
iimscles  {Scitijf).  The  arterial  blood  contains  about  the  same  amount  of  0  as  venous  blood. 
Certain  |>arts  of  the  jM^ripheral  nerves  undergo  a  kind  of  degeneration  similar  to  that  touiid 
after  nerve -stretchiui;.  Theit?  is  albuminuria  and  fall  of  t!ie  blood  pressure.  Death  usually  occur*- 
between  the  third  and  fourth  day,  the  animals  being  comatose  ( IVutpier),  Scliitr  found  that  if 
one-half  of  the  gland  was  excised,  at  orjce,  and  the  other  half  a  month  afterwTirds,  death  did 
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not  orciir  ;  btit  Wagner  detiics  tjm,  (m-  lio  asserts  tbiit  the  rt^niniiniig  liiilt  liypertropLio^j  and 
if  it  !w  exc"i«ied,  deJitli  ooiuij-?*  with  the  ustml  synij^toms.  In  monkeyii,  Jivi'  dtiys  after  the 
oi>eratinii,  th^'rt*  are  «yiuiitoFii3  of  norvons  dititurhance.  The  arnmals  have  loi^t  their  appetit*?, 
tfiei*e  art'  tilirilhir  eontractions  of  tbt;  umstjiLfi  of  tho  facL%  Laudi*,  and  tpi>t,  bnt  the  trenior« 
disii]n>ear  ou  v*>Uintary  etfoit.  The  ajjiietite  returns  and  is  incn?aseif.  hut  notvuth^itandiiig,  Ibe 
animal  grows  thin  and  pale  ;  while  the 
treniai-s  iiu;rea.se  and  atfwt  all  tlie  inu*:leH  - 
of  the  Ixxiy.  These  treiiiors  are  oJicctttraf 
origin,  hccun-se  they  diHap|»ear  on  dividing 
the  nerve.  Thns  tliertf'  U  |trofound  altera- 
tion of  thr  motor  ik^wci-s.  Amongst  the 
outwftntsvinptotnsare  pnlhneH^  of  the  tiye- 
Udifl,  stfi  elliug  of  the  al:>donirn^  iititTeased 
hebetude  and  dyMrnnta,  while  afterwards 
there  ia  a  fall  ol  tlie  tenijieratiire  and  im- 
becility ;  the  tremors  disapjtcart  there  is 
a  jialor  of  the  nkin^  and  idiiniatrlyt  after 
five  to  .sereit  weeks,  the  aiiinialii  die  eom- 
Atose.  Thus  there  i**  alow  tnjset  of  hehe- 
tade^  terminating  in  imlMHility.  Very 
remarkable  ebaTiges  *xH?ur  in  tlie  blood. 
There  is  a  steaily  fall  of  the  blood  [tnivs- 
8ure  ;  a  flimiiiution  t>f  tlie  red  bloorl-eor- 

{lUttcleis,  or  rath«*r  printfiiund  anaemia ; 
eucocytluenda,  the  eohjurle.vs  eor^JnseleJ* 
being  iivcreftaed  to  tlje  ratio  of  fiiur  to 
fourteen  ;  and  lastly  mucin  i«  present  in 
the  bloo<l,  although  nunnally  it  is  not  so. 
Tho  Kaluary  glands  are  hyiK'rtrojdntHl, 
owing  to  tbe  presence  of  mn<  in,  wldeh  U 
found  even  in  the  i^arotid,  although  this 
ii«  normally  a  *ierou«  gland  (?5  HI).  The 
swelling  of  the  jibrlomen  h  <ine  to  hy|ier- 
trophy  of  the  great  omentum.  Mnein  ia  found  in  the  ]>eritoneal  fluiil,  and  the  spleen  is  also 
enlarged.  Tlius  these  symptoms  present  many  features  in  eoramon  with  those  of  myx(Bdema 
as  dc^eiibed  bv  Ord  (r.  Ifors/nf).] 

[Stftgea,  — Horsley  distingniMlies  three  ^iUvgeH.  In  the  lirj>t  or  neurotic  ntage,  the  animals 
exhibit  eoiistant  tremors,  8  pel  serond,  and  young  animftl»  do  not  appear  to  survive  thi»  stage. 
In  the  >s*\'fjnd  or  mucinoid  stage,  mueiii  i,s  deposited  in  the  tissties  and  blotwl  ;  tliiM  ehangp, 
however,  ia  only  seen  to  |>erfeetioii  in  nionkey.H.  If  ttiiese  animal,H  be  kept  at  a  high  aitifieial 
tcmperaturu,  their  life  is  ronsiderahly  prolomgetl.^  In  the  thinl.  atrophic  ur  m&raaiiiic  iKjriod, 
the  aninuil.H  die  of  Tuara-Hmus,  while  they  loae  their  exees-s  of  muein»  Ago  neeniH  to  exert  an 
irnpcjrtatit  udluenee  in  tbyroidectoniy  ;  young  dogs  survive  Imt  a  Hhort  time,  while  old  fiogs 
merely  exhibit  aymptomi*  of  indolenee  and  iiica[iaeity  ;  anrb  as  a  matter  of  faet,  the  activity  of 
the  gland  seems  to  be  most  aetive  when  tissue-metaholi^ni  ia  moiit  aetive.l 

The  following  tabh\  after  Hmiiley,  indieatca  the  symptoms  that  follow  loia  of  the  functioii 
of  the  thyroid  glftnd. 


Fig.  143. 

Section  of  the  thyroid  gland,  r/,  elosed  vedclea  ; 
t/f  distended  by  colloid  massea  and  lined  by  low 
Cfdumunr  epitbeliimi  ;  f,  inter-vesicular  con- 
nective tissue. 


sta^. 

I>unitlon. 

Sjmptiiins. 

Beroarki. 

L  Neurotic. 

1  to  2  weeks  in  dogs ; 

Tremora,  rigidity,  dyap- 

Young  dogs  and  monkeys 

1   to    S   weeks    in 

niea,  . 

alike  die  in  thi^  ^tage. 

monkevs. 

n.  Mudnoid. 

^  to  1  week  in  dogn  ; 

Commencing    hebetude 

Dogs  survive  only  to  the 
beginning  of  this  stage ; 

3   to    7   weeks    in 

and  mucinoid  degen* 

monkeys. 

eratiou  of  the  coanec- 

monkevH  die  at  the  end^ 

tivO'tissueit. 

if  not  treated* 

m.  AtToplilc. 

5  to  S  weeks  in  mon- 

Comjdele imheeility  and 

Monkeys  survive  accord- 

keys. 

atro|div  of  all  tis»ue«, 

ing  to  the  temperature 

esjiecially  muscles. 

of  tbeair-batb.] 

FnnotionB.  ^The  functionH  of  the  thyroid  gland  are  very  ohacure.  Perhaps  it  may  be  un 
apparatus  for  regidating  the  blooii- supply  to  the  head  (?),  It  becomes  enlarge<i  in  Baaedow's 
diKaae,  in  whieli  tliMre  in  great  [Milpitation,  as  well  m  protrasiou  ortheeyel'allaorexo|flithalmoa, 
which  F?eem  to  depend  upon  a  aimultiineoiia  Ktiniulation  of  the  accelerating  nerve  of  the  heart, 
and  the  symjiathetic  fihre?*  of  the  nnnxjth  mii?+ctfs  in  the  orbital  cavity  and  the  eyelids,  as  well 
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»is  of  the  inhibitory  lilu'es  of  the  vei«*cl«  of  tlie  tliyioid.  In  umny  loealitieM  it  h  conimoQ  to  find 
swelling  of  the  tbyroid  coiistitiititig  gwitro.  which  h  HomethncH,  hut  fur  from  iuviiiidhiy,  asisoci' 
iitcnl  with  idiocy  and  eretiiiisiii.  [Horsh^y  finds  that  its  ichiovaI  h  the  c;H«eotial  caUfte  of 
myxci»deriia  and  e.Ti>tiniani.  He  regards  it  (1 )  as  a  blood-fomiing  gland,  «o  that  it  ha-s  a  hanun- 
poietie  fuiicti«ti»  hut  Oih^on  liiidj*  no  grounds  for  snpportiu^  this  view,  Dimng  the  iinAemiii 
resulting  from  its  reuiuval,  tho  hltMxl  of  the  thi'roid  vein  conUiiLs  7  pt*r  rent,  more  ri»^i  blood- 
torpust^h's  than  t!ie  corresponding  artery  {HttrHhij).  (2)  1 1  seems  to  regtihitc  the  formation  of 
mucin  in  the  body.  After  it«  removal  the  normal  metiib(>li«m  in  no  longer  maintained,  *nd 
there  is  a  cor re.s ponding  increaHingly  defeetive  eonditlosi  of  nutntioiL] 

Aecordiug  to  Rognwitneht  the  function  of  the  thyroid  is  to  nentralis?  a  sulviitAUce  pnxliiced 
in  the  bcwly,  whieh,  if  it  ac^t  umidiited,  would  atrt  (us  a  poison  ou  tbe  eentral  nerroua  system. 

[Transplantation  of  the  Thyroid, —Part  of  the  thyroid  of  animals  has  lw?cn  trantiplauted  to 
the  (ibdomitml  cavity  and  unth^r  tbe  akin,  but  appareotly,  wbcn  so  transjilanted,  fails  to 
exercise  any  t>enefidal  iuHuenee  in  cases  of  myxtijdema.] 

Ill  the  Tuuicat44,  thiH  gland,  repreneuted  by  a  groove,  Het-retes  a  dige^itive  jlind.  \u  vurte- 
bmtts  it  is  an  organ  which  Xnv^  undergouf  a  rctrogriide  ehauge  {(xtigath((iir). 

IV.  The  Suprarenal  Capsules.  — Structure. — These  orgims  are  invested  by  a 
lliiii  capsule  wliieli  s^^nds  proceiJseK  into  tlie  ^uhsUinre  f)f  tho  organ.  They  con- 
sist ijf  till  outer  (broad)  or  cortical  layer  and  an  inner  (narrow)  or  medullary 
layer  {fig,  144),  The  former  m  yeOowish  in  L-olour,  Hrm  and  Mtriatml,  wliile  the 
latter  ift  softer  and  tleeper  in  tint.  In  the  outermost  zone  of  tli«  cortex  (%.  145), 
the  traljccuioB  form  p<ily<(onal  inei^hes,  wliioh  contain  the  eells  of  the  gland- 
aubsUinee  ;  in  tiie  broa«ler  niiddh'  zone  the  meshes  iir<^  elongated,  {ind  the  ceUs 
filling  them  are  arranged  rn  <M»hnnns  radiating  outwards.  Here  the  eells  ax© 
trau'^parent  and  niKleat*^!,  tiftrn  eontainmg  <al-glulmleH;  in  the  innermost  narrow 
zon<^  the  polygonal  arrangement  previiils,  and  the  cells  often  contain  yellowiah-brown 
pigment,  [Iinrnt^diately  inider  the  eap.svde  the  eells  are  arrangetl  in  rontnled  gnmpa 
— zona  glomeruloBa ;  next  to  this  the  eelLs  an*  arranged  in  eohnnns,  forming 
the  widet5t  zone  or  zona  fasciculata,  while  next  the  me^inlia  h  the  zona  reticu- 
lari8(fig,  145).]  In  the  medulla  the  stroma  forms  a  ndieuhnn  Ciintaining  gioup» 
of  eells  of  very  irregular  sliape,  Nnmerous  blood- vesaals  occur  in  tlie  glanil, 
e8l>ecially  in  the  cortex.  [The  nerves  are  extremely  numerous,  ami  are  derivetl 
from  the  reuftl  and  solar  [ilexuses.  Many  of  the  fibres  are  medullated.  After 
they  iinU?r  the  gland,  numerous  ganglionic  cells  occur  in  the  plexuses  which  they 
form*  Indeed,  **onie  observers  regard  the  eells  of  the  medulla  tis  nervous. 
Undoubtedly,  nnnierous  inuUijmlat'  nerm-CfUii  exist  within  tbe  gland,] 

Chemical  Oompoaition, — The  snprareuals  contain  the  coustitnent.s  of  uenuet'tive-  and  nerve- 
tiasue  ;  also  lenein^  hypoxanthin,  benzoic,  hippuric,  and  tanrocholie  acids,  taurin,  inoait,  fata, 
and  a  body  vvliieh  becomes  pigmented  by  oxidation.  Amongst  inorganie  substances  t>otash  and 
phoflphorie  aeid  are  ni«at  alnindaiit. 

[PoiBOnoua  Extract, — Foa  and  Pellacani  showed  that  a  watery  extract  of  the  supra-renal 
capsule  ia  piisonou>*  to  >logs^  rabbits,  and  frogs.  Mariho-zueo  ha.s  mIkhvu  that  the  toxic  ba»e 
i«  neurin.] 

The  function  of  the  Buprarenal  bodies  ii*  very  obscure.  It  is  notiei^ahle,  however,  that  in 
Addison'i  disease,  or  'bronzed  skin,' which  is  perhaps  ririmarily  a  nervous  affection,  these  glanda 
hav*:-  frct|uently^  l»ut  not  invariably,  been  found  to  l)e  niaeased.  Owing  to  the  injury  toatyacent 
alfdominal  orgati»f  exturpation  of  tbe<M:^  organs  i»  uften^  although  not  always,  fatal  ;  in  dogs 
pigmented  iwtchejj  hav*  been  fiMuid  in  the  skin  near  the  mouth>  [Tizzoni  has  found  that 
niany  months  afUn-  the  exeiwiotj  of  one  or  both  Hupra-reuals  in  dogs  and  rabbits,  there  in  a  pro- 
found alteration  of  the  central  nervous  byBtcni.  There  is  deffeneratioa  of  the  nitdullated  nerve- 
Itbres  of  certjiiu  pirts  of  the  cortex  and  white  matter,  and  also  of  the  grey  and  white  matter  of 
the  cord.  In  the  latter  QoWi^  colunia  Ih  .sfiecially  aRected,  but  the  degenemted  fibres  are  by  uo 
means  eon timxl  to  it]  Browii-StVjuanl  thinks  they  may  he  concerned  in  preventing  the  over- 
prod  uttion  ol  pigment  in  tlic  hlo^xi. 

(Spectrum. — Mat^Munn  tiuds  that  the  medulla  of  the  .suprarenal  bodies  (in  luant  cat,  dogi 
guincMi'pig,  rat,  &e.)  gives  the  sjwtnnu  i>f  ha-mochTOmogen  (§  18),  whUe  the  ctirtex  shows  that 
of  what  he  calls  hiatohffimfttin,  tbe  latter  being  a  group  of  respiratory  pigments.  He  finds 
that  hanuiichromogen  h  only  fouud  in  excretory  organs  (the  bile,  the  liver),  hence  he  r«^;«itlt 
the  medulla  as  excretory,  so  that  ^nart  of  the  fuuctitm  of  the  adrenals  may  be  *'to  metam<Hr- 
phr>se  effete  lin?ioogh>bin  or  ha;matni  into  hiemochromogen,"  and  when  they  are  diseased,  the 
eflete  pigment  is  not  removed,  hence  the  pigmentation  of  the  skin  and  mucous  membranes. 
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Tfiitr(>c(ioIic  acid  1ms  bteii  tVunid  in  tlie  inedullu  by  V'ulpiaii,  and  pyro-cjitecluu  l>y  Knikenberg» 
llfU'Mimu  believes  that  ^'tltcy  have  a  larg«  almro  in  tlie  <lij\Mi\vrtid  riietaniorpliosiji  of  colouriug 
iii.^tti^r/*Ji 

V,  Hypophysis   Cerebri— Coccygeal  and  Carotid  Glands.— The  hypophysis 

cerebri,  or  pituitary  body,  consists  of  an  ajiteiiur  loww  iir  hirg»  r  lobe,  |utrtly 
cmbriieijig  the  posterior  lower  or  smaller  lobe*  These  two 
IoIm^s  are  tltstinct  in  tlieir  strueture  and  development.  The 
pmterior  lobe  is  a  part  of  the  brain,  and  belongs  t-o  the 
in  fundi  buhl  m.  The  nervous  elements  are  displaceil  liy  the 
ingrowth  of  eonneetive-tissue  and  Idijod-vessels.  Tlie 
anterior  portion  repre.senta  an  inflected  an*l  mneli  altered 
l>ortion  of  ectodenn,  from  wliieh  it  is  developed.  It  eou- 
tains  glanddike  structurenS,  with  connective-tissue,  lymph- 
atics, and  blofxl-vessels,  tlie  whole  being  surronndeil  by  a 
capsule,  Aeeortling  to  Ecker  and  ^rihalkowicz,  it  resend)les 
the  suprarenal  capsule  in  its  struct ure,  while,  according  to 
other  ob.scrverfl,  in  some  animals  it  is  more  like  tlie  thyroiib 
Its  functions  are  entirely  \ruknown. 


[Excialon. — Hoi-jtlry  has  rt'iijciverl  this  gland  twice  suecassfiilly  in 
dogs,  which  lived  from  five  to  aix  months.  No  nervomf  or  otbei" 
aymptoms  were  noticed,  but  when  the  corU'x  of  the  hrain  was  ex|>os«d 
And  stimulated,  a  great  tucr^ase  in  the  excitability  of  the  motor  regions 
was  induced,  even  slight  stimulation  being  followed  by  violent  tetamiB 
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Cortex, 


and  prolonged  epilepsy. 
adCaroti 


Fig.  144, 
Frti't  of  the  sitpra-reual 
L'iipHulo  of  a  child  x  15, 

Coccygeal  and  Carotid  Glands.— Tlie  former,  which  lies  on  the  tip  of  the  coccyx,  ia  compsed 

to  a  large  ex  tout  of  j(lexii«+(^,s  of  small,  more  or  less  uaveruous  arteries,  :iupjH)rte<i  and  euclosed 

by  septa    and    a    capsule  of  ^   ^  _ 

connective- tissue     {Lu^thku),  — ^      '                                 } 

Between  these  lie  jxilyhedral  .~v  - 

granular  cells  ananged  in  net-  Zona  glnmenilosa.  — '  ^  Vji^    K'    /     - , 

works.    The  carotid  gland  jiaa  ^  ■[       v|    ^                       1 
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Vortex, 


a  similar  structure  (p.  90), 
Their  fmictioiiH  arc  quite  un- 
known. Pcrhafis  both  orgaus 
may  be  reganled  aa  the  remAtmi 
of  embryonal  bloorl^veaaela 
{Arnold), 

104.      COMPAEATIVE.   -^ 

The  heart  in  fiahee  (fi^.  H^. 
L),  as  well  oii  in  the  birvm  of 
am|»liihiaus  with  gills,  is  a 
aimple  venous  heart,  eon  sin  t- 
ing  of  AD  auricle  anrl  a  vcn- 
tricle.  The  ventrielti  pro[jeIa 
the  Mood  to  the  gilh*,  where  it 
ia  oxy^nated  (arterialibefl)  j 
thence  it  paswieij  into  the  aorta 
to  l>e  dL-^tribut^d  to  all  f>arts 
of  the  body,  au<l  returus 
through  the  capillaries  of  the 
t)ody  and  the  veins  to  the 
h  ear  t .  Th  e  amphibianji  { frogs ) 
have  two  aiiriclea  antl  one 
ventricle  (Frog,  II.).  From 
the  latter  there  prweed^i  on*: 
vetwel  which  |pve3  olf  the  pul- 
monary arteries,  and  aa  the 
aorta  supplies  the  rest  of  the 
body  with  blood,  the  veins  of 
the  systemic  cii-calation  carry  their  blood  to  the  right  auricle,  those  of  the  limg  into  the  left 
auricle.     In  fishes  and  amphibians  there  is  a  dilatation  at  the  commencement  of  the  aorta^  the 
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bulbus arteriostis,  wliich  ia  partly  pi'ovide4  ^vitli  strong  tmiaclfs.  The  reptiles  (II I. )  jios&ess  two 
BCpamto  auricles,  and  two  imperfectly  sepnrated  viMitnole,^.  The  aorta  and  pulmonary  artery  urbo 
acpanitely  from  the  latter  two  chambers.  The  Teuoas  bhxxl  of  the  systemic  and  pulmonary  cii-cn* 
lations  ftowa  separately  into  the  right  and  Itft  auHcks,  and  the  tw&  streauja  are  mlxwl  in  the 
ventricle.  lu  «i>iim'  rt>ptih^s  the  opening  in  the  ventrienlar  septum  seems  eajtable  of  l>ein^  tluHiN'l, 
The  complete  sf^l>aratiou  of  the  ventrich*  into  two  is  seen  in  fig.  IV.,  in  the  tortoise.  The  lower 
vertebrates?  have  valves  at  the  orlfiees  of  the  venw  eavH*,  wliieh  ait?  rudi- 
mentary in  bink  and  some  mammals.  All  Mpdfl  and  tir>*tTninfmla  bave  two 
eompletely  separate  auriclea  and  two  se^mnite  ventriclee.  In  the  halieore 
the  apex  of  tlie  ventriclcjUi  h  deeply  tleft.  Som>?  animals  have  aeeesjiory 
hmrta,  €.g»t  the  eel  in  its  caodal  rein.  They  are  very  probably  lymphdiearts 
y  [Rohin).  The  veins  of  tlie  wing  of  the  bat  iniliwite  {Schi^l  Tlie  lowest  verte- 
f  brati\  amphioxus,  him  no  Iieart,  but  only  a  iltythmieally  pulsating  vessel. 


G^  It 

Fig.   116. 

Schemata  of  the  eircnlation.  T.  FiVfi.— -vi,  auricle  ;  S,  sinns  venosiis  ;  V,  vcntritle  ;  B,  bitlhua 
aortse  ;  c,  bmncbial  artene.s  ;  )',  branchial  ve&sehs ;  Vi',  branchial  veins  :  fJ,  cirenlus  cephali- 
C118  aorta* ;  F,  common  aorta  ;  f?,  candal  artery ;  i/,  duet  of  Ctnier  ;  /,  anterior,  and  A', 
poatedor  cardinal  veins  ;  L^  caudal  vein  ;  J/,  jfr,  kidneys.  II.  Fro;/.  — I,  sinu»  veno<snh  ;  II» 
and  I1I»  right  and  left  auiicleJi  j  IV^  ventriok ;  V,  aorta  with  the  bnlb  ;  1,  pnltnonary 
Hrteriea  ;  2,  arch  of  the  aorta;  3,  carotid;  4,  liugnal ;  5,  carotid  gland,  and  6,  axillary 
arteries  ;  7,  common  aorta ;  8,  coeliac  artery  ;  9,  cutaneous  artery  ;  Fi%  pulmonary  veins  ; 
/»,  J?,  lungs.  Ill,  Stiitrmns, — I^  right  aiu'icle,  with  the  venoe  caviB  ;  II,  right  ventjicle  ; 
lit,  left  anriclo  ;  IV.  left  ventricle;  V,  anterior  common  aorta  j  1,  pulmonary  artery, 
2,  arch  of  the  aorta  ;  3,  carotid  artery  ;  4,  posterior  common  aorta  ;  5>  eadi*w;,  and  6, 
fmbdavian,  arteries;  7,  pulmonary  veins;  8,  hmgs.  lY.  Torktifte. — I,  light  auricle  with 
tlie  venw  c&yie  ;  II,  right,  and  IV,  left  ventricles;  III,  Itjft  auricle;  1  and  *2,  right 
and  left  aorte ;  3,  poBterior  common  aorta ;  4,  cceliac,  5,  subclavian,  6,  carotiil,  and  7» 
pidmonary  arteries  ;  8,  pulmonary  veins, 

Amongit  blood  glanda,  tb^  t  hymns  and  spleen  occur  tli  rough  out  tbe  vertebrata,  the  latter 
beiog  ADaeiit  only  in  aniphioxus  and  a  few  fiahes. 

Amongst  invertebrata  a  dosrd  msctdar  aysknij  witb  pukatile  movement,  occurs  hero  and 
there,  f.^.,  amongst  ecMnodermata  (star-fishes,  sea-nrchins,  holotliurians)  and  tbe  higher  wonna. 
Tlie  insects  have  a  pulsating  ' '  dorsal  vessel "  as  the  central  organ  of  the  ciivulation,  which 
is  a  contractile  tulx'  provided  witb  valves  and  dilated  by  muscular  action  ;  the  blood  being 
propelled  rhythmically  in  one  direction  into  the  spaces  which  lie  amongst  the  tissues  and  orgatia, 
80  that  these  animals  do  not  possess  a  closed  vascular  »yatem.  The  maUnaca  have  a  heart  witli 
a  lacunar  vascidar  system,  Tbe  cephalopoda  (cuttle-fish)  have  three  hearts— a  «imple  arterial 
heart,  and  two  venoua  simple  gill  hearts,  each  placed  at  the  base  of  tbe  gills.  The  vessels  form 
a  oompletely  closed  circuit.  The  toHr^t  animah  have  either  a  pulsatile  vesicle,  which  propelw 
the  colourless  juice  into  the  tissues  (infusoria),  or  tht  vjtscular  apparntu-^  may  be  entirely  al>m'nt 
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1(}5,  HISTOMCAL  EETEOBPEOT.  — Tlie  anciente  hM  various  tlieoiiei*  regarding  tli« 
movement  of  the  blood,  l>ot  they  kiiei,v  Dothing  of  its  circuiation.  Accuixliag  to  Aiistotlt? 
(384  B,c.),  the  heart,  the  acro^iolia  of  the  lioily,  pr^fpannl  in  iU  cavitie*?  the  blood,  whidi 
atreAmed  through  the  arteriea  as  a  nutrient  fluid  to  all  parts  of  the  body,  but  never  retyrucd 
to  the  heart*  With  Herophihis  aud  Erasistratiis  (300  B.C. ),  the  celebrated  physicians  of  the 
Alexandrian  school,  ori^uat^i  the  erronLous  view  that  the  arteries  contain  air,  which  wa» 
anpftlietj  to  them  by  the  re.'^piratiou  (henre  the  name  urt^nj).  They  were  led  to  adopt  tliia 
view  from  the  empty  condition  of  the  art^riei*  after  death*  By  ex|)erinient9  upou  animals, 
Cialen  disproved  tliis  view  (131-201  A-r>.) — "Whenever  I  injureii  an  artery,"  he  aaya,  *' blood 
always  flowed  from  the  wounded  vesaeh  On  tying  nart  of  an  arttry  l>etweeu  two  ligatures,  the 
part  of  the  artery  so  included  is  always  tilled  with  blood*" 

Stillj  the  idea  of  a  single  centrifugal  movement  of  the  blood  was  retained,  and  it  was  assumed 
that  the  right  and  left  aides  of  the  heart  communicated  dii-eetly  by  njeaiin  of  openiuga  in 
the  3c»ptnm  of  the  heart,  until  Ve,salius  showed  thcit  there  are  no  openings  in  the  septum.  Michael 
Servetiia  (a  Si>anibh  monk,  burne^i  at  Geneva,  at  Calvin's  instigation,  in  15&3)  diacovm^ 
the  pulmonary  circulation.  Cejwvlpinus  conlirme^i  this  oliwervation,  and  named  it  *'  Cinnilatio." 
Fabricina  ab  Aqnap^sndente  (Padua,  1574)  investigatiNil  tlie  valves  in  the  veins  more  carefully 
(althongh  tbey  were  known  in  the  5th  century  to  Tlieofh>retns,  Bishop  in  Syria),  and  he  waa 
icqnai n ted  with  the  fr»/ri;;tftoi  movement  of  the  bloo<J  in  the  veins.  Up  to  this  time  it  wat 
imagiuwl  tluit  the  veins  tarried  blood  from  the  centre  to  the  ijeripheiy,  although  Vesaliuii 
was  aer|uaintiHl  with  the  centripetal  direction  of  tin?  blood-atream  in  the  large  venous  trunk^^ 
At  1  en jt^th  Williftm  Harvey,  who  was  a  pupil  of  Fabricius  (1604),  demonstrated  the  complete 
circulation  (1616-1619),  and  pnblifihed  his  gi'eat  discoverv  in  1628»  [For  the  history  of  the 
disfo^ery  of  the  cireulation  of  the  blood,  see  the  works  of  ^VilHs  on  "  W,  Harvey/'  ^'Sei-vetos 
and  Calvin,"  those  of  Kirchner,  and  the  various  Harveian  orations.] 

According  to  HipiKXjratcs,  the  heart  is  the  origin  of  all  the  vessels ;  he  was  aequainted  with 
the  large  vessels  arising  from  the  heart,  the  valves,  the  choithii  tendine*,  the  auriclea,  and  the 
closure  of  the  senu-lunar  valves,  Aristotl<*  was  the  flrst  to  apply  the  terms  aorta  aud  venH» 
caviK  ;  the  school  of  Eiusi^itratus  used  the  tenn  carotid,  and  indicated  the  functions  of  the 
venous  valves.  In  Cicero  a  distinction  is  drawn  between  arteries  and  veins.  Ct^sus  mentions 
that  if  a  vein  be  struck  below  the  spot  where  a  ligature  baa  been  applied  to  a  limb,  it  bleeds, 
while  Aretaeus  (50  A,D, )  knew  that  arterial  blood  was  bright,  and  venous  blood  dark.  Pliny  (t  7f 
A. D.)  described  the  pulsating  fontanelle  in  the  child*  Galen  {131-203  A.u. )  was  acquainted 
with  the  existence  of  a  hone  in  the  septnm  of  the  heart  of  large  animahi  (ox,  deer,  elephant)* 
He  also  surmised  that  the  veins  communicated  with  the  arteries  by  fine  tubes.  The  demon- 
stration of  the  capillariefi,  Iiowever,  was  only  possible  by  the  use  of  tlie  microBCope,  and 
employing  this  instrument,  Malpiglii  (1661)  was  the  fii-bt  to  demonstrate  the  capillary  circula- 
tion. Lenwenhoek  (1674)  descrihoid  the  capillary  circulation  more  carefully,  as  it  may  be  seen 
in  the  web  of  the  frog's  foot  aud  other  transparent  membranes,  Blanchan:J  (1676)  proved  the 
existence  of  capillary  passages  by  means  of  injections.  William  Coopr  (1697)  proved  that  the 
same  condition  exists  in  warm-blowied  animals,  and  Rnysch  miide  similar  iiyectiona,  Stenson 
(born  1638)  established  the  muscular  nature  of  the  heart,  nlthough  the  Hippocratio  nod 
Alexandrian  schools  had  already  surmised  the  fact  Cole  provetl  that  the  sectional  area  of  the 
blootl'Strefim  l>ewiine  wider  towards  the  capillaries  (1681)*  Job.  Alfona  Borelli  (1608-167&)  was 
the  first  to  e^stimate  the  amount  of  work  done  by  the  heart. 


Physiology  of  Eespiration. 


The  object  of  rcspinition  is  twofold,  viz.,  to  supply  the  oxygen  necessary  for  the 
oxidation  processes  that  go  on  in  the  body,  as  well  as  to  remove  the  carbon 
dioxide  formed  witliin  the  body.  [Tissue-life  implies  the  continuous  and  constant 
supply  of  oxygen,  and  hence  in  mammals  and  the  higher  vertebrates  the  lungs 
are  relatively  very  large,  and  yield  a  free  supply  of  oxygen.]  The  most  important 
organs  for  this  purpose  are  the  lungs.  There  is  an  outer  and  an  inner  respiratioii 
— the  former  embraces  the  exchange  of  gases  between  the  external  air  and  the 
blood-gases  of  the  respiratory  organs  (lungs  and  skin) — tlie  latter,  the  exchange  of 
gases  between  tlie  bloo<l  in  the  capillaries  of  the  systemic  circulation  and  the 
tissues  of  the  body. 

[The  pulmonary  appamtus  consists  of  (1)  an  immense  number  of  small  sacs — 
the  air- vesicles — filled  with  air,  and  covered  externally  by  a  very  dense  plexus  of 
capillaries  ;  (2)  the  air-passages — the  nose,  pharynx,  larynx,  trachea,  and  bronchi 
<jommunicating  with  (1);  (3)  the  thorax  with  its  muscles,  acting  like  a  pair  of 
l>ellows,  and  moving  the  air  within  the  lungs.] 

106.  STBUCTTJBE  OF  THE  AIBrFASSAGES  AND  LUNGS.— The  lungs  ate 

compoimd  tubular  glands,  which  separate  COg  from  the  blood.  Each  lung  is  pro- 
vided with  an  excretory  duct  (bronchus)  which  joins  the  common  respiratory 
passage  of  both  lungs — the  trachea. 

Trachea. — The  trachea  and  (?xti*a-pulmonary  bronchi  are  similar  in  structure. 
The  basis  of  the  trachea  consists  of  16-20  C-sha])ed  incomplete  cartilaginous  hoops 
placed  over  each  other.  These  rings  consist  of  hyaline  cartilage,  and  are  united  to 
each  other  by  means  of  tough  fibrous  tissue  containing  much  elastic  tissue,  the 
latt<^r  being  arranged  chiefly  in  a  longitudinal  direction.  The  function  of  the 
cartilages  is  to  keep  tlicj  tube  open  under  varying  conditions  of  pressure.  Pieces 
of  cartilage  having  a  similar  function  occur  in  the  bronchi  and  their  branches,  but 
they  arc  absent  from  the  bronchiole^*,  which  are  less  than  1  mm.  in  diameter.  In 
the  smaller  bronchi,  the  cartilages  are  fewer  and  scattered  more  irregularly.  [In  a 
transverse  section  of  a  large  intra-pulmonary  bronchus,  two,  three,  or  more  pieces 
of  cartilage,  each  invested  by  its  perichondrium,  may  be  found.]  At  the  points 
where  the  bronchi  subdivide?,  the  cartilages  assiune  the  form  of  irregular  plates  em- 
bedded in  the  bronchial  walL 

An  external  fibrous  layer  of  connective  tissue  and  elastic  fibres  covers  the 
trachea  and  th(i  extra-pulmonary  bronchi  externally.  Towards  the  oesophagus,  the 
elastic  elements  are  more  mimerous,  and  there  are  also  a  few  bundles  of  plain 
muscular  libres  arranged  longitudinally.  Within  this  layer  there  are  bundles  of 
noTirstnpfff  inuscntar  fibres  which  pass  transversely  between  the  cartilages  behind, 
and  also  in  the  intervals  ]>etweon  the  cartilages.     [These  pale  reddish  fibres  con- 
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stitute  the  tiachealis  muscle,  ami  are  attached  to  the  imi^v  siirfa<es  of  the  carti- 
lages at  a  littlt  (listoiice  from  their  free  ends.  The  i^rraii^'enit^iit  varii-s  in  different 
animals— thus,  in  tlie  eat,  dug,  mlihit,  and  nit  the  nmscalar  hlues  are  atUicbed  to 
the  external  Biirfaees  of  the  cartilage<«,  while  in  the  pig,  sheep,  and  ox  they  are 
attached  to  their  inleruuJ  .surfaces  {Stlrlfng).^  Sonje  ninsenhir  tihres  are  arranged 
longitudinally  ext^^riial  to  the  transverse  tibre,s.  Tlie  function  of  th*^se  naiseular 
fibres  is  to  |irevent  too  great  distentioJi  when  there  is  great  preii8ure  within  the 
air-ptissages. 

The  mucous  membrane  of  the  trachea  consist's  of  a  Imsis  of  very  timi 
conrieetive-tissue,  containing  amch  adenoid  tissue  with  numerous  lympli-corpus^let*. 
Kumeroiis  eljuitie  tilji'Cr?  are  ar- 
ranged chiefly  in  a  longitudinal 
direction  nnder  the  baseuient  inem- 
bnme,  Tliey  are  also  abundant  in 
the  deep  layer^ji  of  tin*  posterior 
part  of  the  mendiraiie  op[»osite  tlie 
intervals  between  the  cartilages. 
A  small  ([nantifcy  of  Inose  sub- 
mucous ronnective  tis.su(^  contain- 
ing the  large  hlooti-vessels,  glandB, 
and  lymphatics  unites  the  mucous 
membnine  to  the  perichnndrinm  of 
the  cartihiges.  The  epithelium 
consist?*  of  a  layer  of  eolumnar 
ciliated  cells  witli  several  layers  of 
imniatim^  cells  under  them.  [The 
sn])crficial  layer  of  cells  is  columnar 
and  cHiated  (fig.  147,  h\  while 
those  lying  under  them  pre.seut 
a  variety  of  forms,  and  below  all 
is  a  hiyer  of  somewhat  llattenetl 
squames,  r',  resting  on  the  base- 
ment membmne,  tL  These  8lj names 
constitute  a  layer  r|uite  distinct 
from  the  hasement  membrane,  and 
they  forjn  the  layer  descrihinl  as 
B^bove'g  membrane.  They  are 
active  germinating  eelJs,  ami  play 
a  most  im]*orta!\t  f^art  in  connec- 
tion with  the  regeneratinn  of  the 
epithelium^  after  the  superficial 
layers  liave  Ixieii  shed,  in  sneh 
conditions  as  bronchitis.  Not  uu- 
fi-eque fitly  a  little  viscid  nun:  us  (a) 
lies  on  the  free  ends  of  tlie  cilia. 
In  the  intcrtucdiate  layer,  the  cells 
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Traiisvcrstj  suctiua  of  part  of  a  Imtaau  btoaclius  (  x  450). 
rt,  precipit4ited  mucus;  h^  ciliated  coluranftr  epithe- 
lium ;  c,  dL'«p  gerniiaal  layer  of  cells  (D eh ovc's  ni€m- 
braae) ;  d,  elastic  basement  membrane  ;  c,  elastic 
fibreadiviiled  tranaversely  {iauer  fibrous  layer);/, 
broBchifll  muscle  ;  jy,  outur  fibroua  layer  wita  leuco- 
cytes a  ad  pigment  gi-amiles  (black)  below  i  ^"^raass 
of  adenoid  tisj^ue. 


are  more  or  less  [lyribrnn  or  iHittledore-f^hapcd,  with  thenr  long  tapering  proG<iSs 
insert4?d  amongst  the  deejier  layers  of  cells.  According  to  Drasch,  this  long 
process  is  attaelietl  to  one  of  these  cells  and  i»  an  outgrowth  from  it»  tlie  wdiole 
constituting  a  **  foot-celL*'] 

Uuilcr  tlie  ej>ithelitnn  is  the  homogeneous  basement  membrane,  tlirough  which 
tiiie  canals  j»us.h,  comiectitig  the  cement  of  the  epithelium  with  spac«^^  in  the  mucosa, 
[This  mcmlmuie  is  widl  marked  in  th*'  human  tmchea,  where  it  jdays  an  im]>orUiiit 
part  ill  many  imtbological  eomlitions,  t\g^^  bronchitis.     It  is  stiiinetl  liright  leil  with 
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jiicrtKiarmioe.]  Tlie  riliu  act  so  fi^  tf>  ctirry  any  secretion  towards  the  larynx. 
iroblet  cells  exist  l>etween  tlie  filiated  (^oiuinnar  cells.  Numen>ns  small  compound 
tubular  mucous  glands  oe(ur  in  the  nnieous  meiuLrane,  chiefly  l>etween  the 
cartilages.  Their  ductus ojjen  on  the  surfiiee  Viy  means  of  a  slightly  funnel-ahaj^ed 
aperture,  into  which  tlie  eiliated  epithelium  is  prolongeil  for  a  short  distance.  [Tli*' 
acini  of  some  of  these  glands  lie  outside  the  trachea  lis  muscle.  The  acini  are  lined 
hy  cubical  or  columnar  secretory  epithelium.  In  some  animals  (dog)  these  celk  are 
clear,  and  present  the  usual  chamcters  of  a  mucu!f?-secreting  gland ;  in  man,  some 
of  the  cells  may  be  cleaT,  and  others  'Agranular,"  but  the  appearance  of  the  eell^ 
depeuils  upon  the  physiohigic^d  state  ofaetivity,]  The^e  glands  secrete  the  mucus, 
which  entangles  jiarticles  inspired  with  the  air,  and  is  carried  towards  the  larynx 
l)y  cOiary  actioiu  [Numerous  lymphfitics  exist  in  the  nnieous  and  sub-mucous 
<"oat,  and  not  unfreqiu'utly  snndl  aggregations  of  adenoid  tissue  occur  (e^peciEilly  in 
the  cat)  in  the  mucous  coat,  usually  around  the  dtict.^  of  the  glands.  They  arc 
compartdjle  to  the  solitary  follicleH  of  the  aliiu<*ntary  tract.  The  blood-vessels  are 
not  so  numerous  as  in  some  other  mucous  membranes.  [A  plexus  of  nerves  eon- 
l4unhig  numerous  ganglionic  cells  at  the  noiles  exists  on  the  posterior  surface  of 
the  trachealis  mui^ele.  The  iihrea  are  derived  frtun  the  vagus,  reciuTcnt  laryngeal, 
and  symi>atlietic  {6^.  Frankenhait>im\  W,  Slirh?ifj^  Kfmdarnzi).] 

[The  mucous  membrane  of  the  trachea  and  extra-pulmonary  bronchi,  there- 
fiire,  consists  of  the  following  layei-s  fr<>m  within  outwards :^ — 

(1)  Stratified  columnar  ciliated  epitbehum. 

(2)  A  layer  of  flattened  cells  (Debovc's  membrane), 

(3)  A  clear  homogeneous  basement  meml>nuie, 

(4)  A  basis  of  areolar  tissue,  with  adenoid  tissue  and  blood-vessels,  and  out- 

side this  a  layer  of  longitudinal  elastic  fihr«is, 

(Jiitnide  this,  again,  is  the  Bub-mucoiifl  coat,  consisting  of  loose  ai'eolar  tissue* 
^vith  the  larger  vessels,  lympliatics,  ncrveSj  and  mucous  glands,] 

The  Bronda — In  structure  the  extra-pnbnonary  broncM  resemlilc  the  trachea. 
As  they  pass  into  tlie  lung  they  divide  very  fretptently,  and  the  hranclies  ilo  not 
anastomose.  In  the  intra-pulmonary  broncM  the  subli visions  l»e<j<ime  finer  and 
liner,  the  finest  l)mnches  lieing  callixl  terminal  bronchi,  or  broncMolcB,  which 
oi»en  stjtarately  into  dusters  of  air- vesicles.] 

[Eparterial  and  Hyparterial  Bronchi ^ — As  the  bronchi  ]>roceed,  one  main 
trunk  iiasses  into  tlic  lung,  running  towards  its  base,  and  from  it  are  given  off 
branches  dorsiiliy  and  ventially,  and  these  branches  again  subdivide.  In  man  one 
main  branch  comes  ofl"  from  the  riglit  bronchus  and  proceeds  to  the  upper  right 
lobe,  almve  the  place  where  the  pulmonary  artery  crosses  the  bronchus.  Such 
branches  are  (^allcd  eparterial^  and  they  are  more  numerous  in  birds.  In  man,  all 
the  branches,  l>oth  on  the  right  and  left  side,  come  ofl'  below^  tin?  jMiint  where  the 
jadmonary  artery  eroa^is  the  bronchus,  and  are  calleii  hjfparterial  Inmrhi  (C,  Aeht/},] 

In  the  miih He-sized  intra-pulmonary  broncM  the  usual  cha meters  of  tlie  mucous 
(aembrane  are  rekiined,  only  it  is  thimier ;  the  cartilages  assunie  the  form  of 
irregular  plates  situated  in  the  outer  wall  of  the  bronclius  ;  while  the  muscular 
fibres  are  disjwsed  in  a  complete  circle,  constituting  the  bronchial  muBcle  (flg.  147, 
f).  When  this  muscle  is  contracted,  or  when  the  bronchus  as  a  whole  is  contracted, 
the  nnicous  membrane  is  thrown  into  longitudinal  folds,  and  opposite  these  folds 
the  elastic  fibres  form  large  elevations.  This  muscle  is  particularly  well  developed 
in  the  smaller  microscopic  lironchi.  Numerous  elastic  flbres,  e,  disposed  longi- 
tudinally, exist  untler  the  basement  membrane,  iL  They  are  continuous  with 
those  ttf  the  trachea,  and  are  prolonged  onwanls  into  the  lung.  The  mucous 
tuembrane  of  tlie  larger  intra-pulmonary  bronchi  conaists  of  tlie  following  layers 
from  within  outwards  : — 
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(1)  Stratified  columnar  ciliated  opitheliuni  (Jig.  147,  i). 

{2}  I>el>ove's  membrane  (fig.  1 47,  r). 

(B)  Transparent  homogeneous  basement  membrane  (fig.  147,  d), 

(4)  Areolar  ti^ssuc  with  longitudinal  elastic  fibres  (fig.  147,  *), 

(5)  A  eonthiuous   layer  of   iion-atrii>eil   niu:5€iilaT  fibres   disp<>sed  circularly 
( bro  iichlal  musde^  ti  g.  147,/). 

*Jutaide  this  is  the  8ub-mucouB  coat,  consisting  of  areolar  tisstie  mixed  with  much 
adenoid  tissue  (fig.  147,  5/),  sometimes  arranged  in  the  form  of  conl?^,  the 
lymph-foUiciilar  cords.  It  also  contains  the  aeini  of  the  numerouf^  mucous  glands, 
blood- vessels,  and  lymphatics.  Tlie  duets  of  the  glands  perforate  the  muscular 
layer,  and  open  on  the  free  surface  of  the  nmcous  membrane.  Tiie  sul>mucous 
coat  is  connected  by  areolar  tissue  with  the  perichonikium  of  the  Cartilagefi.  Out- 
siile  the  cartilages  are  the  nerves  and  nerve-ganglia  accompanying  the  bronchial 
vessels.  The  branches  oi  the  pulmonary 
ark'ry  and  of  the  pulmonary  vein  usually 
lie  on  opposite  sides  of  the  bronchus,  while 
there  are  si^veral  brandies  of  tlie  bronchial 
arteries  ami  veins.  Fat  cells  also  occur 
in  the  peri-bronchial  tissue.] 

In  the  small  broncM  the  cartilages  and 
glands  disa]>pear^  but  the  circular  muscidar 
fill  res  are  well  di^veloped.  They  are  lined  l»y 
lower  columnar  ciliated  epithelium,  con- 
taining gobietreells. 

[Tlie  bronchi  wlxen  traced  into  the  lung 
divide  moit}  or  less  dichotomously,  and  run 
between  the  lobides,  constituting  intcr- 
lobnlar  bronchi^  ami  accom|uinied  by 
liniuclH^s  \A  tlie  pubnriuary  artery  and  vein. 
The  branches  become  snialii^r  and  smalhT 
until  they  end  finally  in  terminal  broncM 
('5  to  1  mm.)  in  diameter.  These  terminal 
bronchi  or  lobolar  bronchi  ojien  into  the 
ai>ex  of  a  lobule.  As  they  pass  into  the 
lobide  they  give  ofl',  usually  at  nearly  ri  riglit 
iuigle,  several  bMuches-^the  intralobular 
bronchi — or  bronchioles,  sometimes  spoken 
of  as  alveolar  passages.  These  alveolar 
passages  are  beset  lai  all  sides  by  air-cells. 
Each  bronclii"  Je  opens  into  one  or  two  wider  jmss^igcs,  having  the  shape  of  an 
inverted  eian-,  calleil  an  infttndibnlum  {fig.  149^  I),  with  ilelicate  walls,  and  beset 
witii  air-vesicleSf  air-cells  or  alveoli  (fig.  149).  The  cupshapeil  aii-ve^icles 
oiK'n  into  the  infundibulum,  but  tlo  not  communieat<i  with  each  other.  The 
in  fundi  bula  are  much  wider  than  the  l»rcmchitjles  and  also  than  the 
jdvcoli.  Each  trnuinal  bronchiole  with  its  infundibida  and  air-vesicles  constitutes 
AM  acmus  or  lobulet,  and  all  the  lobule ts  connected  with  a  lerminal  lu-onchua 
make  u]i  a  single  lobule.  The  lobnles  are  arranged  with  their  bases  externally, 
anil  are  separated  from  each  i»ther  by  connective  tissue ^nter-lobttlar  SOpta 
(fig.  149,  IS) — so  tliat  in  a  jKirtially  pigmented  lung,  on  examining  its  ]>leund 
sturface  with  the  naked  eye,  one  can  easily  make  out  its  lolades,  coiLsisling  of  a 
series  of  polygontd  areas  mapped  c*ut  by  black  lines.  In  a  ycjung  aninnil,  r.*;.,  c^ilfj 
they  are  easily  sepji ratted  from  eacli  other  after  removal  of  the  iileura.  The  int<&r- 
lobnJar  .septa  are  contiiuKms  on  the  one  liimd  with  the  suli-pleural  connective 
tisHue  and  ini  the  other  with  the  peri  bronchial  connective  tissue] 


TtTiuiiiatioii  i>t  11  larouckiole  and  of  a  pul- 
iiionary  artenok'  prejiarcd  by  corfosiou 
aud  iiiagniOi?d  by  a  lined  lens.  A,  broa- 
ch in  le  ;  b,  luaucli  of  ]>uli  no  nary  artery. 


Fig,  149, 

Scheme  of  a  lunj?  lobiikv  PA,  and  PV^  |iulmwGary  artery  and  vein  ;  TB,  temiiiial  hionclms  ; 
Br. ,  brouchiiikr  ■  I^  iiifundiljiduni ;  or,  a ir- vesicles ;  IP,  iDter-lubular  st'ptom  ;  PP, 
I>!eiira  ;  LB,  lohular  broQihuK. 

with  tluwe  ill  ihv  wtills  of  tlir  air-eulb,  lie  tmUide  tlie  imii^uulur  iln<^s  in  tJii^  bmn- 
chiolea  and  infiuidilmla.  In  the  n'Spirat^iry  bruncliiuleSj  the  cihated  epithidimu  i« 
reduced  to  a  single  layer,  and  is  nrixed  witli  the  ft(|uani(Hisf(rrm  of  epithtdium,  while 
where  the  alveolar  jxissages  open  IiiUa  the  air-cells  or  alveoli,  the  epitheHniii  is  non- 
cilia  teil,  low,  am!  polyhcdml.  J 

Alveoli  or  Air-Cellfl.— The  fonn  of  the  air-cells,  which  ai^*  25  /a  (j^  in  eh)  iu 
dianjeter,  nmy  be  more  or  let^s  sjiheTicalj  polygonal,  or  en[Hs4hjijjed.  Ihey  are  dLs- 
pt»sed  arcmntl  and  in  comniunication  with  tho  alveolar  passages.  Their  form  is 
deterndBed  by  the  existence  of  ii  nearly  Btmetureless  nicmhrane^  eompoHcd  of 
slightly  fil>rillatcd  comnetive-tissuti  ( ontaining  a  few  eorpuwclcs.  This  is  surrounded 
l>y  nimierous  tine  ela.stie  fibTe.%  ^\hic:h  give  to  the  pulmonary  parenehyniti  it«  well- 
marked  elastic  chaiiictei-H  {hg.  153,  e,  e).  These  hhvQn  often  bifmxate,  and  arc 
arranged  with  reference  t*:*  the  alveolar  wtdl.     They  are  very  resistant,  and  in  some 
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InruudJbuhim. 


Alveolar 


cii-Hcs  of  lung  iiis<*asi!  may  l>e  recognised  in  the  sputmu,  A  fe>v  umi  strij^ed 
mii.scidar  tibrts  exist  iii  tlip  delicate  eoiuiective  tissue  iK-twei u  luljoiuiii^^  air-vos^icles. 
These.  nvusLular  fibres  souu*times  Iwcouie  greatly  deveL:>ped  in  eeikuii  diiitnia€»>i 
{Arnold,  Jr.  *S7iV/i«f/).  The  air-colls  are  lined  liy  two  kinds  of  cells — (1)  large, 
tran^jwrentj  dear  iKilygtnial  mm-nueleated  squailies  or  plaeoids  (22-45  fi)  lying 
over  and  between  tlie  ea|iillarie8  in  the  tdveolar  wall  (fig.  151,  a);  (2)  smull 
irregular  **  granular  "  iiueleiited  cells  (7-1 5  /i)  arranged  singly  or  in  groups  (twti  or 
three)  in  the  inti.'rHtiees  In-tween  tlu^ 

capillaries.     They  are  well  seen  m  Mv-ccM 

a  eat's5  hmg  (fig,  151,  d).  AVhen 
acted  on  with  nitrate  of  silver  tlie 
cenieiit-Huhsttince  houndbig  the  clear 
cells  is  fcjtained,  Init  the  small  eel  Is 
become  of  a  unifonu  l>r<rwn  gran- 
ular ap^R'aranee,  so  that  tliey  are 
n^a*  I  ily  recogi  li.sed .  8 1  ua  11  n  1  a  rk  i  n  gs 
(1  holes)  or  **pBeudo-stoinata''  exist 
ill  the  cenient-suli^itance,  and  are 
jnost  obvious  in  distemled  al^'eoli. 
They  open  into  the  lyiii]ih-canali- 
cukr  system  of  tlie  alveolar  wall 
{Kleiu)^  and  through  tliem  the  lymph- 
eorpuseles,  whirdi  are  always  to  he 
found  on  the  surfaee  of  the  air- 
ve.siele.^,  migiate,  and  earry  with 
them  into  the  lyiii|>hatics  particles 
of  carbon  derived  from  tlie  air.  In 
the  alveolar  Malls  is  a  very  dense 
plexus  of  fine  capillaries  (fig.  153,  c)^ 
which  lie  more  t<j wards  the  cavity 
of  the  an^-vesicle,  l>ehig  covered  only 
by  the  epithelial  lining  of  the  air-cells.  Between  two  adjacent  alveoli  there 
is  only  a  single  layer  of  ca]>illanes  (man),  and  on  the  bonmlary  Hrui  between  two 
air-eelb  the  counse  of  the  eapillarieij  is  twistcnl,  thus*  projecting  sometime:^  into  the 
one  alveohiSj  sometimes  into  the  other  (lig.  152), 

[III  tlie  liiijg  of  the  newt,  whieli  is  «]riij>ly  an  oval  aac  with  clfuttic  and  contractile  walk,  81211- 
ulM  by  ail  artery  diid  n  veiu^  Ike  eapilliiry  network  lies  immediately  under  the  epitlieliuni. 
The  nit'Hhes  theuiselve**  are  niirrom,  altnoiigh  the  cajiillaiieii  eon«spoiidiiig  to  the  lar^'e  size  of 
tlie  bloixl-e)>rpUi*ele.s  are  fairly  wi<ie.  The  epithuliuni  eonaista  of  a  ainijtle  layer  of  thin  eelU 
l>c«uliarly  nioditied.  The  naek-ated  bodfe«  of  three  or  more  ti'lls  have  an  ap|)rticiftble  thickness 
and  lie  iu  tlie  extra- vascular  mcshea  or  island.^,  and  from  each  cell  there  stretcbea  an  cxct?88ively 
thin  wing-Kiiai»«d  expansion  over  the  surface  of  llie  ca[»illary^  to  meet  a  similar  exjiausion  from 
another  cell  lying  in  an  tt<ljaceiit  mesh  or  ialand.  Thus  the  blood  in  the  eaiullary  is  SR'parated 
from  the  air  in  the  hmg  oidy  by  the  thin  capillary  wall  and  the  excessively  thin  wingdike 
e3t|»anNions  of  the  smaller  "^respiratory  cpitlielimn/'  The  newt'n  lung  re|iresents  a  veiy  ^tmjile 
tyi>e  of  lung,  la  the  frog  the  lung  begins  to  be  oiore  complex.  The  infundihuhim  of  the 
mammalian  huig  practically  repeats  the  eonditiou  obtaining  ui  the  newt's  lung.] 

[The  Eumber  of  alveali  is  statetl  t<i  he  about  725  niiUions,  a  result  ol»tained  by 
measuring  th*'  size  of  the  air-vesicles  and  ascertaining  the  amount  of  air  in  the 
hmg,  aft^U"  au  tinUnary  inspiration,  determining  ho\s^  mueh  of  thii^  air  is  in  the  air- 
lesic^le^  ajid  laonelii  respectively.  The  f^uperficial  area  of  tlie  air-vesicle^^  is  about 
90  ftcjuare  metres,  or  100  times  greater  than  the  surface  of  the  body  ('8  tci  *9  P4p 
metre).] 

The  Blood-vesBelfi  of  the  lung  helung  t*j  twodillerent  systems  :— (A)  Pulmonary 
vessels  (b^istr  eireulation).  The  branches  of  the  pulmonary  artery  accempany 
tlie  hrrmthi  atid  are  cbisely  ajiplied  to  them,     [As  they  proceed  they  liranch,  but 


Bronchloki. 


Fig.    150, 

a  bronchiole  temiinating  in  alveohir 
passages,  those  leading  into  infnnddnda  be*iet 
with  air-vesiclea. 


Scheme  of 
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the  branches  do  not  anastomose,  and  nltimately  they  terminate  in  siuall  arterioles, 
whicli  supply  several  adjacent  alveolij  each  arteriole  splitting  np  into  capillaries  for 
mveral  air-cells  (figs,  152,  153,  y,  c).  An  efferent  vein  usmilly  arises  at  the  opj^osit** 
«ide  of  the  air-eelLs,  and  carries  away  the  piiritie<l  hlotMl  fruni  the  ciipiUaries,  In 
their  course,  tliese  vcinf*  unite  to  form  the  pnlmoEaiy  Teins,  wliich,  again,  are 
joined  in  their  course  by  a  few  small  bronchial  veiiLS,  The  veins  lusually  auasto 
mose  in  the  earlier  part  of  their  course,  whilst  ttie  corresponding  arteries  do  not] 
Although  the  capillary  plexus  is  very  fine  and  dense,  it^s  sectional  ai"<>a  is  less  than 
tlie  sectional  area  of  the  systemic  capillaries,  sti  that  the  blooiJ-strcam  in  the  f»ul- 
rjiouary  cai*ill*iries  must  be  more  rapid  than  that  iu  the  cajiillaries  of  the  body 

generally.  The  iiulmonarj*  veins, 
uidike  veins  genemlly,  are  collec- 
tively narrower  than  the  pulmomiry 
artery  (wiit^r  is  given  off  in  the 
hmgs),  and  they  have  no  valves, 

[The  jiuhnonary  artery  contains 
vennus  blcHxl^  mid  the  jndmonary 
veins  pure  or  urterial  blocKl]. 

(H)  The  brOQcMal  vessels  re- 
present the  nutrient  system  <^f  the 
lungs.  Th<*  bronchial  arteries 
(1-3)  arise  from  tlie  aorta  (iiv 
intercostal  art-eries)  imd  accom- 
[umy  the  bnmchi  witliont  miasto- 
mosing  with,  the  bmnches  of  the 
pulmonary  a^ter}^  In  their  coui-sc 
they  give  branch eii  tu  the  lynjph- 
atic  glands  at  the  hiluni  of  the 
hmg,  to  the  walla  of  the  large 
hli^nil-vesBels  (vasa  vasonmj),  the 
pidnionary  i>lem'a,  the  bronchial 
walls^  ami  the  interi^.iliular  »epta. 
The  blood  wliich  issues  from  their 
of  snoAiuous  emiliclinni ;  b,  iilvpolar  wall ;  c,  ymiin  capillaries  is  returned— /xtr//^^  by 
epithehumcd);^^,  Wegatioiiofy^  the   pulmonarv  veins— hence,  any 

cella  germitmtmg  x  350.  / ,       ,  .     .■•  ^     -  .J    ^,  -^ 

^  **  considemhle  mterlerence  with  the 

]iulmonary  cinndution  causes  conge.stion  of  the  Itmnchial  mucous  membrime, 
resulting  iu  a  caUirrhal  condition  of  that  membrane.  The  greater  part  of  the 
blooil  iH  returned  by  tlic  bronchial  Telas,  which  o]ien  intn  tlie  vena  azygns,  inter- 
costid  veiji,  or  .sup^-ritir  vena  cava.  The  vinns  i>f  tlie  smaller  l>ronclii  (fourth 
rinler  cniwards)  inten  iiit^i  the  pulnicmary  veins^  ami  the  anterit»r  bnnichial  also 
communicate  with  the  i>ulmoriary  vein  (Zurkerkandi). 

[The  Pleura. — Each  pleural  cavity  is  distinct,  ami  is  a  large  serous  sac,  wliich 
r^-'ully  belongs  to  the  lymphatic  system  of  the  hmg.  The  pleum  consists  of  two 
layersj  visceral  ami  parietal  The  visceral  pleura  covei-s  the  Ivmg  ;  the  imrietid 
portion  lines  tlje  ivall  of  the  chest,  and  the  two  layers  of  the  corre spin i ling  pleum 
are  i*on  tin  nous  with  <>tie  another  at  tlie  rtu>t  of  the  lung.  Tlie  parii^tid  plc\ira  is 
the  tliicker,  and  may  ivadily  be  separsit^^d  from  the  inner  surface  of  the  cliest. 
Strtietumlly,  the  |4eura  rest^mbles  a  serous  membmue,  and  consists  of  a  thiu  layer 
*d"  fil-rous  tisvSUf*  covered  by  a  layer  of  endotheliujii.  Under  this  layer,  or  the 
jJeura  [>roi)er,  is  a  deep  or  snb-serous  layer  of  looser  areolar  tissue,  containing 
many  elastic  fibres.  The  layer  of  the  jileura  pidmomilis  of  some  animals,  as  the 
guinea-pig,  coutains  a  network  of  n*.»n-strii*cd  muscular  fihres,  (>\'er  the  hmg  it  iB 
also  continuous  \vith  the  interlobular  septa.] 


Fig.  151. 
Air- vesicles  iiyected  with  silver  nitrate,     f^  oiUlinej* 
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[The  Interlobular  Septa  (fig,  154,  t)  consist  of  bands  of  Ebrous  tissrue  separating 
,ld[joining  lobules^  an«!  tliey  bocoine  coniinnous  with  the  p<?ri -bronchial  ronnective 
IteitG  entering  the  Inng  at  its  liihini.  Thus  the  fihrons  framework  of  the  Inng  is 
eoiitinuoiis  throngliout  tlie  hmg,  just  as  in  other  organs.  The  connection  of  the 
sub-pleuml  librous  tissue  witli  the  coinicetive  tissue  within  the  substance  of  the 
lung  has  most  important  pathological  bearings.  The  interlobular  septa  contain 
lymphatic^s  and  blood-vessels.  The  eiidothelinm  covering  the  parietal  layer  is  of 
the  ordinary  9<^[uamou8  type,  but  on  the  pleura  pidmonalis  the  ceBs  are  less  flattened, 


Fig.  152. 

ion  of  the  vesicular  tissue  of  a  htxman  lung  injected  from  the  pulinoiiiir^  artery  ;  «,  a,  fico 
margins  of  tbe  alveoli ;  6,  Hmull  artery  ;  tr,  e,  vertical  walls  of  alveoli  divided  tmnsversely, 

Tiiore  polyhedral,  and  granular.  They  must  necessarily  vary  in  shape  with  changes 
in  the  volume  of  the  lung,  so  that  they  are  more  lluttened  whfii  the  iuog  is  dis- 
lended,  a,s  during  inspiratir>n.  The  jdeura  contains  niiiny  lymphatics,  which  coni- 
municate  by  means  of  stomata  with  the  jdeuml  cavity.] 

[The  Lymphatics  of  the  lung  are  numerous,  and  are  arranged  in  several  systems. 
The  various  air-cells  are  connected  witli  eacli  other  liy  very  delicate  connective 
tisane,  and,  according  to  J.  Arnold,  in  some  ixirts  this  interstitial  tissue  presimts 
characters  like  those  of  atlenoid  tissue ;  so  that  the  linig  is  traversed  by  a  system  of 
juiee-caaals  or  "  Saftrcanalchen.^'  In  the  deep  layer  of  the  pleura  there  is  a  (a) 
SEb-pleural  plexui  of  lymphatics  partly  derived  from  the  pleura,  but  chiefly  from 
(he  lymidi-canalicular  system  of  the  pleural  alveoli.  8ome  of  these  branches  pro- 
ceed to  the  Itroncliial  glands,  but  others  pass  into  the  interlobular  septa,  wliere 
they  join  (h)  the  peri-iraflciilar  lymphaticB  which  arise  in  the  fympb-canalicidiir 
system  of  tlie  alveoli.  These  trunks,  provided  with  valves,  nui  alongside  the 
pulmonary  artery  and  vein,  and  in  their  course  they  form  frequent  anastomoses. 
Special  vessels  arise  witliin  the  walls  of  the  bronchi,  an<l  occur  chiifly  in  tlic  outer 
coat  of  the  latter,  constituting  (c)  the  peri-bronchial  lymphatiCB,  which  anasto- 
mose with  h.     The  bmnchcs  of  these  two  sets  run  towania  the  bronchial  glands. 
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Kot  unfrequently  (cat)  masses  of  adenoid  tissue  are  fcmiid  in  the  course  of  those 
lymphatics.]  The  l>aiiph-eaiiaheular  ftyst^m  and  tlie.  lymphatic  a  becmiie  inji?cted, 
when  hne  coloured  iiartiek^s  are  inspired^  or  are  introducetl  iut*i  the  air-culls 
artificially.  The  piguiont  pailich^s  pass  through  the  semi-tluid  cement-substanee 
into  the  lympli-caiialieular  .syt^teiii  and  tlicnce  into  the  lymphatics  ;  or,  accordijig 
to  Klein,  they  imas  through  actual  holes  or  pores  in  the  cenu*nt  {p.  185),  [This 
pigiuent^tioo  is  well  seen  in  coal-miner  s  lung  or  anthracoBie,  ivhere  the  imrticles 
of  carl>on  pass  into  and  are  found  in  the-  lyniphatics.  Sikorski  and  Kiittnca*  sht«wed 
that  pigment  reached  the  lymphatics  in  this  way  during  life.     If  iiigmetit,  China 


Semi-diagramniatic  representation  of  the  air-vesicles  of  tlif  lung,  v,  i\  blcKxJ-Yeasvk  at  the 
margins  of  an  alveolus  ;  c,  f\  its  blood-capinaries  ;  E,  relation  of  the  s^pianions  einth(<lium 
of  an  alveolus  to  the  t:a|»ilianeif  in  its  wall  ;  /,  alveolai  epitheliimi  sliowii  alone  ;  <r»  <, 
clastic  tissue  of  the  lung 

ink  or  indigo-carmine,  lie  introduced  into 'a  frog's  lung,  it  ia  fiiundin  the  lymphatic 
system  of  the  lung.  Ruppert,  and  also  8chotielius»  showed  that  the  sam<^  r<\sult 
occurred  in  dogj*,  after  the  inhiilation  of  charcoal,  ciunahar,  or  prc^cijiitated  IVrlin 
blue,  and  von  Ins  after  the?  inhalaliou  of  sUica.  8chestc*pal  U8ed  China  ink  and 
cinnabar  suspenditd  in  |  f>cr  cent,  nalt  solution.]  Excessively  fine  lymph-canals  lie 
ill  the  wail  of  the  alveoli  in  the  interspaces  of  the  capillarieSj  and  there  are  slight 
dilatations  at  the  points  of  crossing,  Accoi-ding  to  PieiTet  aiul  Renant,  every  air- 
cell  of  the  lung  of  the  ox  is  surroundinl  by  a  large  lymph-s[uiee,  such  as  oecura 
in  the  sidivary  glunds.  When  a  large  quantity  of  fluid  is  injected  into  the  Itmg, 
it  is  absorbed  with  great  ra[ tidily ;  even  blumbcoriniseles  rapidly  pass  int<»  the 
lymphatics. 

The  superficial  lymphaties  of  the  pulmonary  pleura  commmiicate  M'itb  the 
]  lien  nil  cavity  by  means  of  free  openings  or  stomata,  and  the  same  is  true  of  the 
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lynipbatics  of  the  ptirtetiil  pleura,  but  these  atomata  are  confijied  U>  limited  areas 
over  the  diaphragmatic  pleura,  [The  lymphatirB  in  the  costiil  pleura  oceiir  over 
the  intercostal  spaces  mid  not  oAer  the  rihs  {D^bkouiiki).]  Tlie  large  arteries  of 
the  lung  are  provided  with  lymphatics  which  lie  lietweeri  the  middle  and  outer 
coafe.  [The  movements  of  the  lung  during  respiration  are  most  inipirkuit  fat-tors 
in  nioviug  the  Iyni]ih  onwards  in  the  pidnionary  lymphatics.  The  reflux  of  the 
Ijnipb  i«  prevented  by  tlie  jUH^seucc  of  valves,] 

Absorption  of  particl&B  in  lungB  and  plenra.  —  If  bloml  or  China  ink  bf>  iiijeeted  into  the 
ImigK,  tin'  c^irpascles  are  rapidly  absorlM^d  frtmi  tbo  lungs,  but  not  from  the  tiiichea  or  largo 
bronchi.  In  the  bin^a  the  jwirticlej*  pAss  between  the  alveolar  qnthelhim  into  the  intiM-stitial 
pulrnunary  tissne,  and  linally  into  tXut  i>eri-bronehial  and  peri-arterial  lyniphatica,  and  fnnii 
tht»iiee  t*>  the  bronchial  lymph -rI an cLs.  Similar  inji?ctiona  ioto  tlte  jileiiml  cavity  «re  absorbed 
(&-30  inimit<«)  by  th«  coital  and  mediastinal  pleura,  but  not  by  the  inilmoaary  pleura.] 

[The  nerves  of  the  lung  are  derived  from  tfie  anterior  im^t  po.sti^rior  pulmOEary 
plexuses  and  consint  of  hraiicbes  from  the  vagus  and  R>au pathetic,  and  from  certain 
tlon^al  nerves  (p.  149).  They  enter  the  lungs  and  follow  the  difstnbutiou  of  the 
bronchi,  several  sections  of  nerve-truidts  being  usually  found  in  a  tninsverse 
section  of  a  large  bronchial  tulte*  The  nerves  lie  outside  the  cartilages,  and  are 
in  close  relation  witli  the  In^nches  of  the  l>ronehial  arteries,  ^redullated  and 
noU'inedullated  nerve-libres  uceur  in  the  nerves,  which  also  contain  numerous 
sn^ull  ganglia  {Rettmkf  Kkin,  Sfirlinff),  In  the  bmg  of  the  calf  the  ganglia  are 
large.  The  exact  mode  of  termination  (»f  the  ncrve-Hbres  witlun  the  lung  has  yet 
to  l>e  ascertained  in  niammals^  hut  some  lilues  [jass  to  the  l)ronebia!  luuscle, 
others  to  the  large  h I ooil- vessels  of  the  lung,  and  it  is  highly  firobal>le  that  the 
mucous  glands  arc  also  supplied  with  nerve  tilament^,  Jn  the  comparatively 
simple  lungs  of  the  frog,  nerves  with  numerous  nerve-cells  in  their  course  are 
found  {Aruohf^  Stuiiit'ff)^  and  in  the  very  simjde  lung  of  the  newt,  there  are  also 
nuiueroua  nerve-cells  disposed  along  the  coU!*se  of  the  intm'|)uInionary  nerves. 
Some  of  these  tibres  terminate  in  the  uniform  layer  of  non-strii>ed  muscle  which 
forms  part  of  the  pulmonary  waD  in  the  frog  and  newt,  and  others  end  in  the 
muscular  coat  of  tlie  pulmonary  blombvessel  (Stirling),  The  functions  of  the^e 
ganglia  are  unknown,  lait  they  nuiy  be  compared  to  the  nerve-plexuaea  existing 
in  the  walls  <if  the  digestive  tract] 

The  Fimetion  nf  the  non-striped  muscle  of  the  entire  hronebial  system  seems 
to  be  ttt  ofl'er  a  suHirient  amount  of  r^^sistiince  to  increased  pressure  within  the  air- 
passages  ;  as  in  fcu'ced  exj>iration,  speaking,  singing,  1  do  wing,  &c.  The  vagus  is 
the  motor  nerve  for  these  filu'cs,  and  attxmling  to  Liuiget,  the  ^Mung-bums" 
duriJig  inerejised  tension  depends  upon  these  nuiscles. 

[Contraction  of  the  Lnngs  and  BroncM— Effect  of  Nerves. — By  connecting  the  interior  of  a 
small  IvronciiaH  with  an  oncoji^rJiph  (§  10"j)  In  cururlsed  dogs  (the  thorax  bcitig  o]w?iied),  Brown 
and  Roy  found  that  aection  of  one  vagUB  cans€ft  a  nnirked  expansion  of  the  bronchi  of  tho 
corresponding  Inug,  while  atimnlation  of  the  peripheral  end  of  a  divided  va^is  cnuaei}  a  power- 
ful  contraction  of  the  broucld  of  l>ytli  lungs.  Stimulation  of  the  central  end  of  one  vagna,  the 
other  being  intact^  also  causes  a  contraction  (ft'ebkr)  under  theaaino  circumstances-  Especially 
in  etherised  doga,  eitj>ansion  and  not  contraction  resnlta.  Jf  both  vagi  be  divided,  no  effect  is 
produced  by  stininlation  of  the  central  end  of  either  va^ia.  It  seems  ^dain  that  the  viigi 
contain  ecntrii»etal  or  ftflTerent  fibres,  which  can  cause  both  expansion  and  contraction  of  the 
bronchi.  Asphyxia  cauaea  contraction  provided  the  vagi  are  intact,  hnt  none  if  they  ar© 
divided,  althongh  in  otheriaed  dogs  exjjansion  frequently  occurs,  while  stimulation  of  the 
ceuti-al  end  of  other  sensory  nerves  lias  very  rarely  any,  or,  if  any,  hat  a  slight,  effect  on  the 
icaltbre  of  the  bronchi,  so  that  in  tho  dog  the  only  comiection  between  the  cerehro-spinal 
Jieentres  and  the  bronchi  is  throngh  the  vagL  Sandmann  has  confirmed  the  above  observationa 
'or  rabbits  and  cats,  bo  that  it  seems  certain  that  the  vagiL"*  contains  some  fibres  which  dilate 
Dd  others  which  cait»e  contraction  of  the  bronchi,  Reilex  contraction  can  be  brought  about 
by  jitimulation  of  the  nose  and  larynx.  Williams,  Paul  Bert,  and  others  showed  that  the 
bronchi  and  lungs  are  contractile  when  they  are  stimulated  with  cleclricity.  This  contractility  ia 
very  marked  in  reptilian  lungs  where  there  is  a  well-marked  layer  of  smooth  muscle.] 

Pathological. — Stimulation  of  the  aniooth  musclar,  whereby  a  «pia«modic  narrowing  of  the 
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smaller  bioiiehi  is  produced,  may  excite  astlimatic  attacks.     l(  tlic  exjiiratory  blast  be  inter- 
fmml  with,  acnto  empbyscma  niay  take  |ikce  (5i<niiVr). 

Ohemiatry.— In  addition  to  coHnectivf,  eliwtic  and  mnscular  tishue,  tlie  lung8  contain 
Irx'itliin,  inosit,  nrk  flcid  (tanrin  and  leuein  in  the  ox),  giianin,  xantbin  (?),  bypoxanthin  (dog) 
aodu,  jtotasb^  naa^aesitmi,  nxide  of  iron,  iimcli  pliospliorie  atid,  also  chlorine,  aniphuric  ftnd 
«ilicic  acicla— in  diabetr?9  sugar  wcui:s~in  purulent  infiltration  glycogen  and  sugar — in  renal 
degeneration  urea,  oxalic  acid,  and  ammonia  aalta  ;  and  in  diseases  where  decompoaition  tak^ 
place,  Icnuin  and  tyroaui. 

Physical  Properties  of  the  Lungs. — The  Imigs,  in  ^'irtue  of  the  large  niiiount 
of  elastic   tissiio   wbich   tlicy   eoiitaiii,  are  Higlil>    elastic ;  ami  when   the  chehit 

is  Mpt'iieil  they  colliipae.  If  n 
cniimdn  with  a  small  latcml  ojieii- 
u\y^  be  titrl  into  tln^  tn»chea  of  a 
ral)hit's  or  shet^i>'s  hnigt*,  the  lungs 
nniy  t»e  in  Hated  with  a  pair  tjf 
hellowf*,  or  elastic  pump.  Aft4?r 
the  artificial  inflation,  the  hmgs, 
owiug  to  their  ehusticitj,  collapse 
and  expel  the  greater  part  of  tlie 
air.  As  mil  ch  a  i  r  rem  a  ins  w  i  t  h  i  n 
the  light  spoi^gy  tissue  of  tlie 
Inngs,  even  after  they  are  removed 
from  the  !)ocly,  a  healthy  lung 
lloatH  in  water.  If  the  air-cells 
iire  lilled  with  ijathologieal  flnitbi 
or  hlomlj  as  in  certain  diseased 
conditions  of  the  huig  (piieu- 
niouia),  tlien  the  lungs  or  parts 
tl Hereof  may  sink  in  water.  The 
lungs  of  the  fa?tns,  Ix^fore  respira- 
tion has  t;iken  place,  sink  in 
water,  hut  after  respiration  has 
heen  tltoroughly  estiihlisheil  in 
the  chihh  the  lungs  float.  Hence 
this  hydrostatic  test  is  largely 
used  in  niedirolegal  eases,  as  a 
test  of  the  clii ld*s  having  breathed* 
If  a  healthy  lung  be  scpieezeil 
Ix^tween  the  fingers,  it  emits  a 
peculiar  and  eharact^^ristie  fine 
cmckling  sound,  owing  to  the  air 
within  the  air-cells.  A  similar 
sound  is  heard  on  cutting  the 
ve^icidar  tissue  of  tlu;  lung.  The  colotir  of  the  lungs  varies  much  ;  in  a  young 
child  it  is  rose-pink,  hut  afterwards  it  becomes  darker,  especially  in  persons  living 
in  towns  or  a  smoky  atmosphere,  owing  to  the  dep:>sition  of  granides  of  carbon. 
In  coal-ndtuTs  the  lungs  may  become  quite  black.] 

[Eicision  of  the  linng.— Dogs  recover  after  the  excision  of  one  entire  lung,  and  they  even 
survivL^  the  removal  of  jxjrtionis  of  Inng  afF(M:'t<xl  with  tubercle  (Bimdi),] 

107.  MECHANISM  OF  RESPIEATION,— The  mechanism  of  respiration  e<>n- 
eists  in  an  alternate  dilatation  and  contraction  of  the  chest.  The  dilatation,  techni- 
cally  called  **  expansion,"  is  called  inspiration,  the  eontraction  ezpiratioiL  As 
the  whole  external  surfaces  oi  botli  elastic  lungs  are  applied  directly »  and  in  an 
air4ight  mamierj  by  their  smooth  moist  pleural  investment  to  the  inner  wall  of 
the  ehest,  which  is  covered  by  the  fmrietal  pleura,  it  is  clear  that  the  lungs  nnist 


Fig.  154. 

Human  hing  (  x  50  and  reduced  J),  a^  small  hroiichua  ; 
bf  b^  pulnioiittry  artery  ;  t,  pulmonary  vein  ;  <j,  inter* 
lobular  septa,  continuous  w  ith  the  deep  layer  of  the 
pleura,  p. 


Sec.  107.] 


MECHANISM    c»F   RESPIRATION'. 


191 


be  distended  witli  every  dilsihitioii  t>f  the  cliest,  and  diminislieii  by  ey(*Ty  con- 
traction  thereof.  The  movemeEts  of  the  ItrngB,  therffon*,  are  entirely  passive, 
and  are  dependent  on  the  tlmrat  ie  inovcTueiits. 

On  accoimtof  their  complete  ela-stieity  and  tlieir  great  ex:k*ii!=?iluhtVt  tlie  liinj^^ 
are  able  to  arcommoihite  themselves  to  any  variation  in  the  :^ize  i)f  the  thoriK^ic 
CAvity^  without  the  two  layers  of  the  pknm  liecoming  ^eponded  from  earh  other. 
Aft  the  capacity  of  the  non-distended  eliest  is  greater  tlian  the  vohuue  of  the 
collapsed  hmgs  after  their  removal  from  the  luxly,  it  is  clear  timt  the  lungs,  even 
in  their  natnral  position  within  the  chest,  are  distendedj  i.e.^  they  are  in  11  certain 
state  of  elastic  tension  (S  60).  Tlie  tension  is  great^T  the  more  distended  the 
thoracic  eiivity,  and  vice  reisnt.  As  noon  ns  the  jileural  cavity  is  opened  by  perfora- 
tion from  without,  the  Inngs,  in  virtue  of  their  elu.sticity,  collapse,  and  a  space  filled 
with  air  hi  formed  kdween  the  surface  of  tlie  lungs  and  the  inner  surface  of  thi: 
thoracic  wall  (pneumo-tliorax).  Tlie  lungs  so  affected  are  rendered  useless  for 
respiration  ;  hence  a  duTihle  t>neumo- thorax  causes  deatli, 

PneiimcHtliomx.  —  It  h  (\lm  clear  that  if  the  puliaanary  plEum  be  ]>0rforated  from  witliiu  the 
hiUK,  ail  will  i«is8  fiom  the  respiratory  ftasso^es  iiit^i  the  iihuial  sac,  and  alao  give  rise  to 
pnuuiDO-thuriix,  [Xot  imtreqiii^iitly  the  surgeon  in  called  on  to  own  the  chest,  say  by  removing 
a  portion  of  a  lib  to  allow  of  the  free  exit  of  mm  from  the  pleurfll  cavity.  IF  this  be  done  with 
proper  precautions,  and  if  the  exteviml  wonna  he  aHowp^i  to  healj  aft^r  a  ttjue  the  air  in  tin* 
t>lmral  eavity  l>eeoiiie.s  absorlied,  the  collap»wl  lung  tends  to  regain  its  original  fonn,  and  again 
Womcs  Amt^tionally  aetive.] 

EBtmmtion  of  EliLatic  Tension, — If  a  manometer  be  intrmluced  through  an  intcrcostnl  !i|Mice 
into  the  pleural  eavity  in  a  iifiu]  jiuhjeit^  we  can  loea^nre,  by  meann  of  a  eohimn  of  mercury, 
the  amoiiDt  of  the  oljistic  tfiision  re(|iured  to  keep  the  lung  in  itj^i  [>OKition»  This  h  etpial  to 
0  mm.  Hg.  in  the  dead  snbjet- 1,  as  well  n.s  in  the  condition  of  expiration.  If,  however,  the 
thorn X  be  bixmgbt  into  the  position  of  inspiration  l>y  the  applieation  of  traetion  from  without, 
the  elastic  tension  may  be  increased  to  iiU  luiu.  Hg.  {Dniificrs). 

If  the  glottis  he  closed  and  a  deep  inspiration  taken,  the  air  within  the  lungs 
must  hecome  rarefied^  l>ecause  it  has  to  fill  a  great'Cr  space.  If  the  glottis  he 
suddenly  openedj  the  atmospheric  air  passes  into  the  lungs  until  the  air  within  the 
lungs  has  the  name  density  as  the  atmosphere.  Conversely,  if  the  glottis  be  clost^d, 
ami  if  an  expiratory  effort  he  made,  the  air  within  the  ehent  must  he  compressed. 
If  the  glottis  he  siiddeidy  ojiened,  air  pa-^sea  out  of  the  lungs  until  tlie  jaessure 
outsirle  antl  inside  the  lung  is  f^qual  As  the  glottis  reniams  open  during  ordinary 
respiration,  the  equilihration  cd  the  laessure  within  and  without  the  lungs  will  t^ike 
place  gradually.  During  tmmpnl  inspiration  there  is  a  slight  negative  pressure  ; 
during  exi>ir£itiNn  a  slight  i^jsitive  preswure,  in  the  lungs  ;  the  former  =  1  mm.,  the 
latter  2-3  jam,  llg,  in  the  liuman  trachea  {nieasnreil  in  coses  of  wounds  of  the 
trachea).  According  to  J.  R.  Ewald,  however,  the  values  are  only  O'l  and  0'13 
mm.  Hg  ivst>ectiveh\ 

108.  aUANf  ITY  OF  GASES  KESPIRED.— As  the  lungs  within  the  chest 
never  give  out  all  the  air  they  contain,  it  follows  that  only  a  part  of  the  air  of  the 
lungs  is  clianged  during  inspimtion  and  expiration.  The  volume  of  this  air  will 
depend  upon  the  depth  of  the  respirations. 

Hntchinsou  defined  the  following; — 

(1)  Beflidual  air  is  the  volnnn?  of  air  which  remains  in  the 
chest  (iftcr  flic  mtk^t  comphie  c^^pimtwn.  It  is  —  123O-KJ40  c.e. 
[100-130  I  nhie  itn  hes], 

(2)  Beaerve  or  Bupplemental  tdt  m  the  volume  of  lur  winch 
can  be  ex  pel  let!  from  the  chent  aff/^r  a  normal  quiet  expiration, 
It  is  =  1*240-1  SOO  e,e.  [100  eubie  iiichej*]. 

(3)  Tidftl  air  is  the  volume  of  air  which  h  taken  in  and  given 
out  at  eaeli  respiration.  It  ia  =  500  cubic  eentimetreH  [20  cnhio 
inches,     Sometinu^j  it  is  stated  to  be  25-30  cubic  iacheH.1 

(4)  Complemental  air  is  the  volume  of  air  that  can  be  forcihly 
inspired  over  and  above  what  is  taken  in  at  a  noniml  resi>iration. 
It  amounts  to  aliout  1500  c.e,  [100-130  cuMc  inches]. 
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(5)  Vital  Capacity  i"^  the  torm  api)lied  Uy  the  voluiije  of  air  wliich  can  be 
forciMy  exptdled  from  tlie  chcnt  aftcT  the  (l€ei>c.st  possilile  inspiration.  It  i^  equal 
U}  3772  c.c,  (or  230  cul>ic  inches)  for  an  Englishman  (flukhimfm),  and  3222  for  a 
(term an  (Haeser), 

Hence,  after  every  L|niet  insfuration,  Ixith  iungs  contain  (1 +  2  +  3)  =  3000  t*-i 
3900  com.  [220  cubic  inches];  aft^r  a  quiet  expinition  {I +2)  =  2500  t^>  3400 
c.cm.  [200  (!tihk  inchea],  8o  that  about  ^  to  j^  of  the  air  in  the  lungs*  ie  subject  U? 
renewal  at  each  onlinary  revSpirsition. 

[It  is  important  to  rememl)er  that  the  lungs,  even  after  the  deepest  expiration, 
always  eontoiii  a  large  amount  of  air.     In  this  way  the  diUu^irai  ««f  gti&es  between 

the  air  in  the  lungs  and  the  bltMxl-gases  Cvin  go 
on  ctintinuoiL^lyj  with  iJici'ease  of  the  process  at 
every  inspiration.] 

Bonders  cakulat^^l  that  the  entire  hroiicJiiul  system 
and  the  trachea  eoutiiiu  about  500  €,c.  of  air. 

Estimation  of  Vital  Capacity.— This  was 
fornierly  thought  to  bn  <»f  great  utihty,  but  at  the 
|)resent  time  not  much  importiuice  is  attached 
to  it,  nor  is  it  fref|ueutly  measured  in  eat^^s  of 
disease.  It  is  estimated  l>y  means  of  the  ipiro- 
m6t6t  of  Hutchinson,  '\v'hich  consists  of  a  grjitlu- 
atcd  cylinder  filled  with  water  and  inverted  like 
a  gasometer  over  water,  and  l>idanced  l>y  menns 
of  a  co«nteri>oi8e  (fig.  155),  Int<>  the  cylinder  a 
tube  projt'eUt,  ant!  this  tuln^  is  tonnectexl  with  a 
:mouth piece.  The  person  to  be  experiinentetl 
upon  takes  the  deepest  possilile  Lnspirtition,  closes 
his  nostrils,  and  hTeatfies  forcibly  into  the  mouth- 
piece of  the  tlibe.  After  iloiug  so  the  tube  JjA 
closed.  The  cylintler  is  raised  l>y  the  air  fort^-d 
into  it,  and  after  the  water  inside  and  outside 
the  cylinder  is  equalised,  the  height  t<j  which 
the  cylinder  is  rais4»d  indicates  the  amount  o/a/r 

expired,  or  the  \ital  or  respiratory  trapieity.     In  a  man  of  average  height,  5  feet 

8  inches,  it  is  eqiial  to  230  cubic  inches. 

Thti  follou  111^  t'irt.'yiiirttiiLic(?8  affect  tin"  vital  capacity  : — 

(IJ  The  Height.— Every  inch  aild^l  to  the  height  ofperBous  tietween  5  and  6  ("pet  gives  an 
increase  of  the  vital  eamcity^lSO  c.e.  [8  cubic  inches.] 

(2)  Body-weight.— WL  tn  the  body -weight  extt'ttli*  the  noraial  by  7  per  cent,  there  is  a 
diralmition  of  37  c.e,  of  the  vital  ca|»ttcjty  for  every  kilo,  of  increa.*MJ. 

(S)  Age. — The  vital  capacitj'  is  at  its  maxinuvni  at  35  ;  tlicrL*  is  an  annual  decrea^  of  23*4 
e.c.  from  this  a^e  onwarda  to  65,  and  backwards  to  15  yt-ars  of  a^c, 

1 4)  Sex. — It  la  leas  in  worn  en  tlian  nitii,  and  evco  where  there  is  the  same  circnatreifince  of 
chest,  and  the  same  height  in  a  niau  and  a  woman,  the  ratio  h  10  :  7. 

(5)  Position  and  Occupation.— More  air  i«  respired  in  tho  erwt  than  in  tlie  recumbent 
position.  In  tlie  followinpt  three  categoricH  the  preceding  group  hits  a  vital  capacity  j^eater  by 
200  c.e.  than  the  one  following  it  r  (a)  .soldiers  and  sailors  ;  (6)  hand*workers,  compositors  ; 
(c)  jKimiorH,  officials,  students  (Jmoid). 

(6)  Dineafie^  —  ATadominal  and  thoracic  di.'ieas<^  diniiaifth  it 

109.  NTTMBER  OF  EESPIEATIOITS,— In  the  adult,  the  nnmber  of  respim- 
tioog  varies  from  16  to  24  j)er  minute,  wo  that  about  4  pulnedieat*  txxnr  during  eaeh 
respiration.     The  imniber  of  resiurations  is  iidiuenced  by  many  eonditions  : — 

(1)  The  PositiQn  of  the  Body.— In  the  mlult,  in  the  horizontal  position*  Guy  counted  18» 
while  sitting  19,  while  standing  22,  respiiationg  ]Mjr  minute. 


Fig.  156. 
Scheme  of  Hutcluns'On'ft  apiroioeter. 


J 


Sec.  109.] 


CONDITIONS  INFLUENCING   RESPIRATION. 


^93 


(2)  Age.— Qttetelet  foiiiid  the  mean  ntiiuljti'  »>i  rL^^iiiatioMa  iu  300 Jridividiuils  to  b<?  :— 
V«ir.  Rciiplmtfon*,  Year,  itopiralioriii. 

0  to    1,  44  )  Average  20  to  50,  187  i  Avurag<? 

5,  26  \         Number  per  25  to  30,  16  Nuiijljor  \*er 

15  to  50,  20  )  Miimtc%  30  to  35,  181  J  Miuiite. 

(3)  The  State  of  Activity. — Goihiim  couiiI^hI  in  tliUdjiiii  of  2  ta  4  yoar*  of  ugo  during  stauding 
32,  ill  sli'e|i  2i,  resjniatiJniH  {ki-  ininnte.  Durijig  iMxlily  exertioji  tlie  nmiiwT  of  i'e-s|>iration3 
inerejiftics  bt'fon'  tho  Jieart-beata.  [Very  alight  mitsciUar  exertion  siilDe^w  ta  Lucreaitc  the  frequeucy 
of  the  respirations.] 

[(■1)  The  Tempenituro  of  the  suirounding  mediiiui. — The  re^ipirations  bcconie  rnorc  minieroua 
the  higher  the  snnonndiug  tcijiiM?ratnni,  but  tliia  result  only  occurs  when  the  a<.tiittt  temjiera- 
turt)  of  the  blowl  is  iiKTeased,  as  in  fever. 

(5)  Bigestiot].^ — Tht'ie  in  it  dight  variation  during  the  coui'se  of  the  day,  the  iiiett^ase  binng 
XuoHt  marked  after  iidd*day  dinner  {I'lermtit). 

(6)  The  Will  can  to  a  certain  fxteut  inodif}'  the  iniinber  and  also  the  de]jth  of  the  re-spira- 
Sions,  l^nt  atftT  a  shint  time  the  impulse  to  roiipire  overcomes  the  vohjnt.trv  iinpnlj^e. 

(7)  Tlie  GaaeB  of  the  Blood  have  a  marked  etfect,  and  su  has  the  ln?at  of  the  blood  in  fever.] 
[(8)  111  Animak — 
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^  nnniber  may  I 

e  great 

y  inereaaod  from 

many  causes,  eg.,  in  fever, 

pleurisy  and  i>ueumonia,  sgnie  he^l  diseases,  or  in  certain  cases  of  alt^iratlou  of  the  blood,  aa 


Fig.   156. 

A,  Brondgee&t  a  tambour  for  registering  tht?  re8t»ii*atory  movetmjots.  i,  c,  inner  and  outer 
caoutdiouc  inembmuea  ;  a^  the  cajisule  ^  rf,  rf,  corchj  for  fastenmg  the  instrnment  tfl  the 
cheat ;  S,  tnbe  to  thu  recording  taTTd>our.  B,  normal  respiratory  curve  obtainetl  on  a 
vibrating  plat*t  [each  vibration -0  01613  aec], 

in  anjcmia  \  and  diminifihed  wh*?re  there  is  preasure  on  the  naipiratory  oeuti-e  in  the  medulla 
in  coma*     It  i«  important  to  note  the  ratio  of  judae-beats  to  respirations,] 
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RELATIVE   DURATION   OF  THE   BESPIRATORY   MOVEMENTS 

110.  TIME   OCCUPIIB    BY   THE  EESPIEATOEY  MOVEMEirT&--The 

time  ti€tU|>iL*d  ill  the  lurioiis  jjijust-s  <jf  i\  rt?spimtion  vmi  only  !k^  oceiirately  ascer- 
tiviiiQtl  by  olitaining  a  cnnt'  or  pneumato^am  of  tike  ros]>iratory  moveiiicnts  In' 
iiLPiiiLs  of  itH'onliiig  apixxratuK. 

Methodi.— The  giiipiiic  iiietliml  niri  Im  einphiycHl  in  three  directions: — (1)  To 
record  the  movements  of  indiTidual  parts  of  the  chest-wall. 

(1)  Vierordt  sini  C\  Liidwig  traiisft'tri'ii  tlii'  moveineiit.s  of  a  part  of  tlie  chest- wall  to  a  lever 
which  iDSCi'ibt'd  itn  iiioveiiieiits  npon  u,  rtnolviiig  tylimier,  Riogt'l  (1873)  coiistrQCt<?d  a 
*' double -fltethograph''  uu  th«  s,iiiie  priiiciplp.  This  iustmineiit  is  so  arrimgvd  that  oae  unii 
of  the  lever  oiay  Ue  applied  in  Lonneution  with  the  healthy  side  of  a  iiei'soifs  chest,  and  the 
other  oil  th«  diseased  side.  In  the  cane  of  imimala  ]>laoed  oil  their  hacks,  8iiedoii  intiixlucoil 
a  long  needle  vertically  lliroiigh  the  akhiiiiiiia!  wsills  into  the  liven  Ros^titlial  ojwned  the 
nbdonien  and  applied  a  lever  to  the  under  surface  of  the  diaphragm,  and  thus  registerwl  its 
movements  (Plireiiograph). 

(2)  An  air-tainhoin\  such  a,H  is  used  in  Brondge<?«t*s  i>aiisphy^iiogi'aph  (fig*  166,  A)^  iii«y  be 
employed.  It  consists  of  a  hr«M  vessel,  (t*  shaj>ed  like  a  small  saucer.  The  nioutli  of  the  brass 
vessel  is  covered  with  a  double  htyer  of  caoutchouc  menihiaue,  b,  f,  (inti  air  h  forc*^!  io  betwtM&u 
the  two  layers  until  the  external  memhraiie  bulges  outwards.  Thb  is  placed  on  the  chest,  iind 
the  api«iratus  la  fixed  in  position  by  means  of  the  hands,  fi,  d.     The  cavity  of  the  tambmur 

cominnnicatea  by  tueana  of  a 
canutchouc  tube,  s^  with  a  i^e- 
cording  tamlMjur,  which  inseribpis 
iU  movoruents  ut»on  a  revolving 
cylinder*  Every  dilatation  of 
tiie  chest  compresses  tlie  mem- 
brane, and  thii<3  the  air  within 
the  tambour  is  also  compressed. 
[A  somewhat  siuular  apparatu* 
jja  uswl  hy  Bind  on -Sanderson, 
and  called  a  '*  recordlng-fitetho- 
gTfrpb/'  ]ly  it  movements  nf  the 
r  i>rrtJsjK)i]idlng  points  on  opp<.i;*ite 
sides  of  the  chest  can  be  investi- 
gated.] A  cannula  or  GeMpba. 
geal  EMiund  may  l>e  introduced 
into  that  portion  of  the  (eso- 
phagus wldch  lies  in  the  chest* 
liiid  a  counectiou  established 
with  Marey'fi  tambour  {Kotien- 
thiii).  [This  method  ahso  ew- 
alili^  one  to  measure  the  in- 
(nt/hQtan'c  rorsstfir  (p.  209}.] 

Marey'B  Btethograptior  Pneu- 
mograph.—[There  are  two  fomw 
of  this  instrument,   one  modi- 


^ 


Fig.  157. 
Marey^s  stethograph. 


tied  by  P,  Hert  and  the  more  modern  form  (lig.  157).  A  tambour  (A)  is  fixtd  at  right  angltss  to 
a  thin  ebii«tb  plate  of  steel  (,/}.  The  aluminium  disc  on  the  catmtihoiic  of  the  tambour  iji 
attache<l  to  au  U]»right  {b),  whose  end  lies  in  contact  with  a  horizontal  screw  (tf).  Two  arma 
(rf,  c)  are  attached  to  opposite  aidei  of  the  steel  plate,  and  to  them  the  belt  (t)  which  fastens 
the  instniment  to  the  chest  is  attaf  hed.  When  the  chest  e\piinds,  these  two  arms  are  pidled 
asfimderp  tlie  Hteel  plate  is  li^nt,  bikI  the  tambour  is  atfectetl,  and  any  movement  of  the  tamboiir 
ia  traiiamitted  to  a  repstciing  t/tmbour  Ity  the  air  in  the  tube(fi),] 

Movementa  of  the  Diaphragm.— [The  I dianes  of  respiration  have  been  studied  iu  animals  by 
Krouecker  and  Marckwnld  by  ins*^rting  the  spoon -shajK-d  end  of  a  pruhe-like  instrument  thmugli 
the  abdominal  walh  and  birtweoii  the  liver  and  tJiediajihragm.  From  the  ]>ointed  end  of  this  in- 
atnimeiit  a  thread  paiMtjs  over  a  pulley  to  be  attached  to  a  lever  recordingita  movenu-uts  on  adruni.  ] 

(2)  To  record  Tariatioii  in  Toliime  of  the  thorax  or  of  the  reapired  gases. 

For  this  i>uriKise  E.  Hering  feecures  tin  animal,  and  ]jlaces  it  in  a  tight  box:  provided  with  two 
openings  in  its  side  ;  one  hole  contaius  a  tube,  whi«:h  is  connected  to  a  cannula  tit^  into  the 
tiaiisversely  diWded  tracliea  of  the  animal,  nf*  that  respimtion  can  go  on  undisturbed.  In  the 
other  orifice  is  lixed  a  wuter-nmnometer  provided  with  a  swimmer  anangi^fl  to  write  on  4 
recording  surface.  Gad  registers  graphically  the  respired  air  by  meaiLs  of  a  special  ap).iaratus, 
the  laio-plethyBmogTaph  ;  the  expii-ed  air  raises  a  very  light  and  carefully  eoninoised  box  placed 
over  waten     As  it  is  raised,  it  moves  a  writing-style.'    During  inspiration  the  oox  sinka» 
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(3)  To  record  the  rate  at  wMch  the  renpiratory  gases  are  exchaEged. 

irtlic  traciiea  oran  ^iiirnMl,  or  tlic  oioutlj  oTa  man  (the  iioatnla  Wiu^  clost»ii)j  be  conti<!Gtei1 
with  a  hilae  lik*?  that  of  the  drnniogi'a|(h  (tij?*  Ia6),  then  during  mypiiation  aud  exj^iratioii  the 
ppnrlnlnm  will  be  moved  to  and  fro  by  the  &ii%  nnd  tli6  movement*  of  ih*?  ]  eiipuliim  can  hv 
rff^ktt*Ti>d.  [Some  ymrs  ago  an  instnmit^irt,  callwl  the  * '  Anapnograph ' "  was  constnicte*l  on 
thiH  principle.] 

The  curve  {fig.  156,  B)  was  ol>t^iiiKHl  by  pkcitio  the  binibour  t«f  a  BrondgeestV 
paiLsphyt^Tnop^ph  u\Km  the  xiphoid  process,  and  reeortliog  the  luovement  u|Kin  a 
platti  attiiched  to  a  viliratbig  tuning-fork.  The  impiration  (asoendmg  hiji!))  1>ejpn.s 
with  nitxlerat'e  rajjidity,  is  accelerattMi  in  the  middle,  and  ti3wartl8  tlie  eml  agi^iii 
lieLoniefl  slower.  The  exjnration  also  iK^gins  with  nioderaU*  rainility,  i«  then 
neeelerat^d,  and  hceonic^  much  ftlower  at  the  latter  imrtj  so  that  the  curve  falls 
sviy  gradutdly. 

Inspiration  is  slightly  shorter  than  Expiration. — Aecoitling  to  Siksou,  t!ie 
ratio  for  au  rnltilt  is  as  (j  to  7  ;  in  women,  ehildien,  and  old  people,  ti  to  S  or  6  U* 
9.  Vierordt  fmmd  the  ratio  to  be  10  t^>  14^  (to  24*1) ;  J.  R,  Ewald,  11  to  12, 
[For  all  practical  pur|x>ses  the  ffillowiiig  n^presents  the  ratio — 

Inspiration  :  Expiration  :  :  Tt  :  6,] 

ft  is  only  oi-casionally  that  cases  occur  where  iiu^pimtion  and  expiration  aiv  equally 
long,  or  where  t^xpirtition  is  shorter  than  inspiration.  When  res]HratioD  pnxeediH 
quietly  and  regiilarl\%  tliere  is  usiiully  Uft  ^iauHt  (complete  rest  of  tbc  chest-widJs) 
hettceeu  the.  inspirafioH  and  ej'piratiou.  The  very  flat  jmrt  of  the  ex|iiratory  curve 
has  lK»eii  wrongly  regarded  as  due  to  a  [>anse.  ( )f  course,  we  may  tnake  a  volun- 
tary |iausc  lietween  two  respirations,  or  at  imy  jmrt  of  a  respiratory  act 

Sonn?  ol>itev7ers,  htnvevnr,  hxive  de^nibHl  a  jiaiise  a^  m'ramuig  between  the  <?nd  of  I'Xiiiriitioii 
and  tlip  hegianing  of  tlie  next  iii?!pinition  {expiration  jmusr*),  and  alsa  another  pnnse  at  the 
eml  of  inspiration  (inspiration  panse).  Tlte  latter  Ih  abvays  of  very  short  daratirni.  and  eon- 
siderably  Hoorter  than  tbe  former.  During  very  detp  and  alow  re*«pn'ation,  tliere  ih  nsnally  an 
expiration  jmiise,  while  it  is  alnuwit  invariably  abni^iit  during  rapid  lireatbing.  An  inspiratiiiii 
pause  i«  always  nbaent  under  normal  circimiatantieaj  but  it  may  occur  under  piithob>gical 
couditioaa. 

In  certain  |virt*i  of  the  respirator)'  curve  sHglit  irregularitiea  may  appear,  which  aiv  HonietiniCH 
dne  ki  vil)rations  tummnnifJited  to  the  thornci*"  walls  hy  vigorous  beartdwats  (tig.  158). 

The  "  type  of  respiration  "  juay  he  ascerUiined  liy  taking  curves  from  various 
parts  during  tln^  ri'>^pirrdory  moveTuents.  Hutcbinsoh  showed  that,  iji  the  f(*male, 
the  thorax  is  dilated  ebiefly  by  raising  the  stcuiium  and  t!ie  ribs  (llespiratio 
costolis),  wliilein  mau  it  is  caused  chieHy  by  a  desceut  of  the  diajdiragm  (Resjiiratio 
dia]^bragulatica  or  alubuninalis).  In  the  forruer,  there  is  the  so-called  *^  costal 
type/*  in  the  latter tlie  ''diaphragmatic  or  abdominal  type.*' 

TluK  difTerence  in  the  type  of  respiration  in  the  nexes  ofx^urs  only  dnriug  nomml  rpiiet  t'e-^ipira- 
Hon.  Daring  deep  and  torced  reepuratlon,  in  both  sexes  the  dilntaticHi  of  the  elicMt  Ih  caused 
cddelly  by  raiding  tbe  ehcist  ainl  the  ribs*.  In  man,  tbe  epi^ai<lrinni  may  1>l*  nuDiMj  in  sooner 
than  k  is  protruded.  During  deep,  the  typ*?  of  respiration  io  both  sexej*  is  ttmracie,  wliile  at 
the  same  time  the  inspiratory  dilatation  ol^  the  cheat  precedes*  the  elevation  of  the  alxloniinal 
wail  [Monso).  It  is  not  determined  whether  the  costal  type  of  i'es[>iration  in  the  female  depends* 
niton  the  constriction  of  the  chest  hy  cornets  or  other  causes  {Sib»tMi),  or  whether  it  i.n  a  natural 
ariaptation  to  the  child  lu^riu^  function  in  women  {JJtttckutsmt),  Some  oWrvers  maintain  that 
the  ilifference  of  type  is  rjuite  distinct,  even  in  sleep*  when  all  consMet ions  are  removed;  and 
that  FiiTuilar  differences  are  iieticeal>lp  in  young  children.  Thi«  is  denieil  by  others,  while  a 
third  class  of  ob.servers  liohl  that  the  costal  type  occui-s  in  children  of  Iwth  sexen,  and  they 
ascribe  as  a  cjuise  the  greater  Hexibility  of  the  ribs  of  children  and  women,  which  |>^Tnuts  the 
mtisclea  of  the  chest  to  act  more  eUcienlly  upon  the  riKs. 

111.  PATHOLOG^IGAL.  — {Eiamiaation  of  the  Lungs.  —The  same  metliodB  that  are  applicable 
to  tbe  heart  apply  here  also,  vix.— 

L  Inspection  (including  Meosnration), 
IL  r'al]MLtion  (including  vocal  fremitoa). 

III.  Percussion  (including  i*en»e  of  reaiettAncMs) ;  and 

IV.  Auscoltdtion  (ineluding  vocal  resonttucp).] 
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[By  iiMpeotioci  w*  nuiy  iletertiiinc  ttiv  f^vrcflejioe  of  8;yinmftric»l  or  unilateTal  ftltvsmtiooft  iti 
the  shape  of  t\ut  che»t,  the  preiic^nce  of  liulgjng  oi*  (luttfming  at  one  part,  and  TahatiouH  in  ihv 
movement  of  the  chcut-walb.  By  palpaticrii,  the  presence  or  absence,  character,  seat,  and  *'xte»t 
of  ttiiy  1  are  nunc  carefully  exaniiut^i.     But  we  may  alao  study  what  is  c&Ilcd  vocal 

fiiemi til !-  P e rcuadon  ( §  114),  Ati»oult*tioii  [i  116 ). ] 

[III  iii\  ..^  *..,.^  the  najiiratory  movenients,  we  sliutild  tjluserve  (1),  tlie  fl^qiteiU^  (|  10^)  ; 
(2),  the  type  (§  110)  ;  (3),  tl^e  nature,  character,  and  extent  of  the  movenieiits,  uotitig  aba 
whether  they  are  accompanied  hy  pain  or  not  (§  110)  ;  (4),  the  rhythm.] 

I.  Cbangea  in  the  mode  of  ]CoTeii»etii— In  peraotm  suffering  from  disease  of  the  respimtory 
Ofgans,  the  dilatatiou  of  ihc  che^t  may  be  dimiuiBhed  (to  the  extent  of  5  or  6  cm.)  oa  hM  Mm 
or  only  oa  on€  aido.  In  alfectioiis  of  the  ajiex  of  the  luug  (in  phthLsia),  the  sub-normal  ejcpau- 
aioQ  of  the  upper  part  of  the  waU  of  the  chest  may  be  considerable.     Betradimi  of  the  soft  parts 
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Pneiimnto^Taiiis  obtainefl  by  menus  of  Riegers  stethograph.  1,  nomml  cunres  ;  II,  curve  fnaii 
a  cJLse  t>f  empliyaenm  ;  a^  ii»cendiiig  limb  ;  b,  ajiex  ;  c^  deBoendiiig  linib  of  the  curve.  The 
small  ekvatioiia  are  duo  to  the  cardiac  impulse. 

of  the  thoracic  waO^  the  xiphoid  proceaa,  and  the  partj*  where  the  lower  ribs  are  inserted,  occurs 
in  caaeM  where  air  caimot  freely  enter  the  cheat  dtiring  inapiration,  ejj.,  in  narrowing  of  tha 
lai^tix  ;  wbf'ij  thin  retraction  fs  confined  to  the  upp<T  part  of  the  thoracic  wall,  it  indicate*  that 
tlifl  |K>rlif>ti  of  thr  lung  lying  onder  the  part  m  afrected  i«  leas  extensile  and  diseased. 

Harrison  B  Groove.— In  i^rsons  suffering  from  chronic  dilBcnlty  of  breathing,  and  in  whom, 
at  the  same  time,  the  diaiibragm  acts  energetically,  there  is  a  slight  groove, 'which  p«»sea  hori- 
zontally  oiitwardi?  from  the  xiphoid  cartilage,  caused  by  the  pnliing  in  of  the  soft  parts  and 
correnpontling  to  ih*'  irfsertiou  of  the  diaphragnu 

The  duration  of  inspiration  is  lengtbt  ne<i  m  jiersons  suffering  from  naiTowing  of  the  trachea 
or  larynx  ;  expiration  in  len^rthened  in  cases  of  dilatation  of  the  lung,  aa  in  emphysema,  wliers 
all  the  ex  pi  rat  I J  ry  mu!+i  U  .s  mn^t  bt^  brmight  into  oetion  (fig,  158.  11). 

II,  Vanationa  in  the  Ehytbm.— When  tiie  reapiratory  apj>aratua  is  much  affected,  tlifjre  ii 
either  an  increase  or  a  deefHjning  of  the  reapirationN,  or  both*  When  there  la  great  difficulty  of 
breathing,  this  is  calle^j  dyspnoea, 

Caueei  of  Dyspno&a,  — ( 1 )  Limitation  of  the  exchange  of  the  respiratory  gases  in  tlie  blood 
due  to— (a)  difoinutioij  of  the  respiratory  tmrface  (aa  in  some  diseases  of  the  lungs)  ;  (ft) 
narrowing  of  the  respiratory  passages,  (when  a  ohibl  siicka,  it  breathes  escluiiively  through 
the  uoae/ hence  catarrlial  ctioditions  of  the  nasal  mucous  membrane  ai^e  fraught  with  danger  to 
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thf  child] ;  (f)  diminution  ^f  the  nni  b  bod -co  ijm  soles  ;  (f/)  dii*tijrliaiice,s  of  tJio  rp*piriitory 
niecliaiibm  (e.if.^  due  to  aHectioiis  of  tlie  reHpiratftry  musci+i*  or  iieivon,  or  imijifu)  aJipt^tions  of 
the  chest- walD  ;  {r)  impedivl  eirrulntion  through  the  lungs  due  to  various  furniri  of  hi'Ai't- 
disease.  (2)  Heat-dyapnceft. — The  freqiteney  of  the  respirations  is  iiioreasiHl  in  Jehrih 
ajiuiUkms,  The  ^variu  Itlood  at:t^  iu«  a  direct  irritant  of  the  reapiratory  ceiitrfi  in  Ihi*  mednllji 
ohlongata,  and  raiiics  the  nTiinl>er  of  respirations  to  30-60  jicr  minute  (**  Heat-dy.spnri'a  ").  If 
the  carotiils  Ik'  placeil  in  warm  tnhcs,  ho  an  to  hrat  the  hlofMl  going  to  the  inedulhi  ublonitrtitA, 
the  same  phenomena  are  prodiictnl  (§  368).] 

[Ortbopnosa, — Soinetimeg  the  diHiculty  of  bi^athing  is  so  great  that  the  pei-aou  can  onl 
respir**  in  the  erect  positioUj  i.e. ^  wIk^ii  ho  sit*  or  is  propped  up  in  heiL     This  oi:cura  fr<M|iientJ} 
towaixlH  the  clo&e  of  some  heart  atfectious^  notably  iu  mitral  lesious  ;  dmpsical  eoiiditiouii, 
espwially  of  the  <.*avitifta,  may  be  present,]  * 

Ohejiie-Stokei'  Phenomenon.— This  renmrkalde  plipuomciion  occurs  in  certain  disoase.s 
whert^  th(?  normal  ^supply  of  bloofl  to  Ihi!  brain  is  altertd,  or  where  the  ([uality  of  the  blocxi 
itself  is  aUereth  t',f/.  p  in  ctrtatn  aireetions  of  the  brain  ami  lieart^  and  in  utwmie  iHUsotdDg. 
llespiratory  pai^Hea  of  one-half  to  three -quarters  of  a  minute  alternate  with  n  short  period 
(^-^  mifi.)  of  increased  reiipiratory  activity^  and  duiing  this  time  20-30  respirations  occur. 
The  respirations  c'Oti>ttitGittng  this  *'*  serieft  "  are  nhallow  at  fwat  ;  gradually  tijey  become  deei>er 
and  (leejwr,  and  finally  become  i^hallow  or  superticial  again.  Then  ful!uw>*  the  pause,  ami  fhus 
tlu'ie  i,H  an  altfrnation  of  pauses  and  series  (or  gronps)  of  moditiid  i-es  pi  rations, 

[Pig.  159  «h(iwH  a  trat^ing  of  thi'  re8pimk>ry  movi^iueiits.  The  inorpase  fmni 
sluillow  to  deeper  respiratiutiB  is  sometimes  ealh'd  the  "  ji.scendiiig  phase/'  and  th(? 
reverse  the  **  deseendiug  |duLse."  As  will  be  setmj  the  pause  occupies  soiiKnvhat 
less  thau  the  half  of  one  period,     liixon  ^lanii  lian  recordeti  a  ea&^e  wliere  thi^ 


Fig.  lf>i>. 
Tracing  of  Cheyue-Stokea'  biitathing  {(Jihmn). 

phenomenon  hinted  for  mr»re  than  a  year.]  Dnriiig  the  i>auKe,  the  pupils  are^con- 
tracted  and  inactive  j  and  when  the  re.spiraticuLs  begin,  the^'  dilate  and  become 
sensible  t^i  light ;  th«'  eyeball  is  moved  as  a  whole  at  the  same  time,  [Mann  found 
that  tbe  pnpils  did  not  contract  during  the  pausie,  nor  wo-s  tlipri^  any  cluinge  in  their 
size  on  tlie  return  fif  breatliing,]  Hein  observed  that  cotisciousnervs  wa.s  aboli-sheil 
during  the  jianse,  and  that  it  returned  wlieti  respiration  cunimeiiced. 

CauECft.— Lucia  ni  itnd  Koacn  bach  regard  variations  in  the  excitability  of  the  respiratorv  eentre 
as  the  cause  of  the  phenomenon,  which  they  compare  with  the  periodic  coutmction  of  the  heart 
(I  68).  The  excitability  of  the  respiratory  centre  b  lowest  during  the  p:iuse.  They  observed 
this  phenomenon  after  injury  to  the  medulla  oblongata  above  the  respiratory  centre,  and 
after  a]>n<ea  produced  in  aninmk  deeply  narcotised  wiih  opium,  umi  in  the  last  stages  of  asphyxia, 
during  ree  pi  ration  in  a  closed  space.  Daring  bybernatiou,  thia  mo<le  of  re&pi  ration  Ls  nornjal 
in  Myoxus,  the  hedgehog,  tiad  the  caiman. 


Periodic  Eeapixatioii,  —  H'  frogs  be  kept  under  water,  or  if  the  aorta  be  cltnnnedf  afterj*t*vernl 
ours  they  become  na^tiire.     If  they  be  taken  out  of  the  water,  or  if  the  clamp  Of  removed  from 
the  aorta,  they  graaually  recover  and  always  exhibit  the  Obey ne-.Stokejf'  phenomenon.     In  such 


frogs  the  blood-cnrrcnt  may  be  arrested  temporanlVj  whiltj  the  phenomenon  itself  TemalnH 
{Svkohw  ami  Lu^^hmtujrr),  If  the  blood-carrent  be  arrested  by  ligature  of  the  aorta,  or  if  the 
frogs  be  bled,  the  respiratifns  otTur  in  gnjiips.  This  i«  followed  oy  a  few  single  rejipi  rat  ions, 
ftna  then  the  respiration  ceases  completely.  During  the  i>auao  between  the  periodB,  niwhanical 
utitimlation  of  tlic  akin  causes  the  discharge  of  a  group  of  respiratioufl  {Skbcri  and 
LauijtyHdorff), 

Action  of  Dmga.— Muecarin,  digitalin,  curare,  chloral,  sulphuretted  hydrogen,  and  the 
ftoison  of  many  infectious  diseases  (typhus,  di[>btlierin,  scarlet  fever)  may  also  cause  periodic 
respiration  [which  is  not  due  to  the  action  of  these  drugs  on  the  heart  J. 
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Periodic  respiration  without  any  variation  in  the  size  of  the  indiTidiial  respiratioDS — the  to- 
called  *'  Kot*a  resptxfttion  ** — occurs  normally  during  sleep.  While  the  neirons  system  as  it 
were  strives  to  rest,  and  thus  forgets  the  respiration,  the  organism  does  not  ohaeire  the  short 
pauses  {M0990),  [There  is  a  periodic  increase  or  decrease  in  the  de^h  of  the  respintioii, 
es[>ecially  in  old  people  and  children,  even  to  the  extent  of  the  respiration  heooming  "  remit- 
tent," or  even  **  intermittent,"  for  a  period  of  30  sec.  during  sleep.  During  periodic  respnnation 
the  action  of  the  several  respiratory  muscles  does  not  coincide.  As  a  rule,  one  respires  more 
than  is  reriuired  by  the  organism.  3Iof»o  calls  this  ''Inxns-reqniation.'']  Periodic  irregn- 
Isrities  in  tne  resjaration  are  often  of  reflex  origin  (Knoll). 

112.  GEVESAL  VIEW  OF  THE  BB8PIRAT0BT  MVSCLES. 

(A)  Inspiratioiu 

L  During  Ordinary  Inspiration. 

1.  The  diaphragm  (Nervus  phrenicus). 

2.  Tlie  Mm.  levatores  costarum  lougi  et  breves  {Ramiposteriores  Nn,  dorsaliumy 

3.  The  Mm.  intercostales  externi  et  intercartilaginei  (iVii.  intercagtalee). 

[Orrlinary  inspiration,  tlierefore,  is  both  diaphragmatic  and  costal,  t.tf.,  it  is 
ertsentially  a  muscular  act  brought  about  under  the  influence  of  the  central  nervous 
syst^^m,  by  a  series  of  co-ordinated  muscular  movements.  The  diaphragm  contracts, 
and  tlie  ribs  are  raised,  at  least  all  except  the  first.  The  ribs  are  raised  by  the 
levatores  costarum,  and  the  external  and  internal  intercostal  muscles  (p.  201).] 

n.  Bnring  Forced  Inspiration. 

(a)  Musdcs  of  the  Trunk. 

I.  The  three  Mm.  scaleni  (Rami  musciUarea  of  the  plexus  cerviealis  et  brachialis), 

'1,  M.  steniocleidomastoideus  (Ram,  externua  N,  accessorii), 

.*?.  M.  trapezius  (R  extemus  N.  accessorii  et  Ram.  muscularea  plexus  cerviealis). 

4.  M.  pectoralis  minor  (N71.  thoracici  anteriores). 

5.  M.  serratuH  i)osticus  superior  (N.  dorsalis  scapulce). 

6.  Mm.  rhomlx)idei  {N.  dorsalis  scapulce). 

7.  Mm.  extensores  columnse  vertebralis  (Ram.  posteriores  nervorum  dorsalium). 
[8.  Mm.  serratus  anticus  major  (N.  thoracicus  longiui).'!!] 

(h)  Muscles  of  tJie  Larynx. 

1 .  M.  sternohyoideus  {Ram.  descendens  hypoglossi). 

'1.  M.  sternotliyreoideus  (Ram.  descendens  hypoglossi). 

3.  M.  crico-arytaenoideus  i>osticus  (N.  laryngeus  inferior  vagi). 

4.  M.  thyreo-arytaenoideus  (N.  laryngeus  inferior  vagi). 

(c)  Muscles  of  the  Face. 

1.  M.  dilatitor  narium  anterior  et  posterior  (N.  facialis), 

2.  M.  levator  ala?  nasi  (N.  facialis). 

3.  The  dilators  of  the  mouth  and  narea,  during  forced  respiration,  [*' gasping 
for  breath  "]  (N.  facialis). 

(d)  Muscles  of  the  Pharynx. 

1.  M.  levator  veil  i)alatini  (N.  facialis). 

2.  M.  azygos  uvulae  (N.  facialis). 

3.  According  U>  ( Jarland,  the  pharynx  is  always  narrowed. 

[Or,  classified  acconling  to  their  action,  the  auxiliary  mnsoles  of  forced  inspiratioa 
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are  those  that  elevate  the  ribs  directly  or  inclirectly,  or  fix  the  lower  jaw,  so  that 
muscles  attached  to  the  hyoid  bone  can  act  (Rutherford). 

/  Mylo-hyoid. 
The  hyoid  hone  is  raised  by  }  S^S'^^^^^^^^ 

V  Digastric. 
/  Stemo-mastoid. 

rni     ^  •       •    J  iL  )  Stemo-hyoid. 

fhe  sternum  is  raised  hy  -   ^^^^^i^^^,^^ 

\  Thy  ro -hyoid. 

i  Scdeni. 
The  upper  ribs  are  raisexl  by]  -  Cervicalis  asc^ndens. 

(  Serratus  jxwticus  superior. 

/  Trapezius. 
The    nhoidder    girdle  is     raised    am7  J  Levator  anguli  scapula?. 
drami  backwards  by  \  Rhomboideus  major. 

(  „  minor. 

The  foUomny  muscles  pull  on  the  ribs  \  .^ 

and  tend  to  approach  them  to  the  raised  J  a  u  T  „: ,« 

shoulder  girdle  I  cs       *.        '  i 

•^  \  Serratus  magiius.  J 

(B)  Expiration. 

I.  During  Ordinary  Respiration. 

The.  thoracic  cavity  is  diminicihcd  by  the  weight  of  the  chest-wall,  the  elasticity 
of  the  lungs,  costal  cartilages,  and  abdominal  wall  and  abdominal  contents. 

[(Ordinary  expiration,  thtirofore,  is  non-muscular,  and  the  act  is  a  purely  passive 
one.] 

II.  Daring  Forced  Expiration. 

The  Abdominal  Muscles. 

},  The  abilominal  muscles  [including  the  obliquus  oxtornus  and  internus,  and 
transversidis  abdominis]  (N71.  abdominis  inteimis  anteriores  e  nervis  intercostalibus, 
8-12). 

2.  Mm.  intercostide^  intemi,  so  far  as  they  lie  between  the  osseous  parts  of  the 
ril)8,  and  the  Mm.  infracostales  (iVn.  intercostales). 

3.  M.  triangidaris  sterni  (Nn.  intercostales). 

4.  M.  serratus  jxjsticus  inferior  {Ram.  externi  iierv.  dorsalium). 

5.  M.  (luadratus  lumborum  {Ram.  musctdar  e  plexu  lumbcdi). 

6.  Rectus  alxlominis  (i\^n.  intercostcdes,  7-12). 

7.  Levator  ani  {N71.  sacrale^,  3-4). 

r  Obliquus  externus. 

[TIte  abdominal  contents  are  compressed 
and  forced  against  the  diaphragm  by 


intenius. 
Transversus  abdominis. 
Levator  ani. 
Rectus  alxlominis. 


{Rectus  abdominis. 
Quadratus  lumborum. 
Serratus  posticus  infenor. 
Triangidaris  st«*mi.] 

1X8.  ACTION  OF  THE  INDIVIDnAL  BESPIEATOBY  MUSCLES.— (A)  Inspiration. -.(1) 
The  XHaphnkgm  arises  from  the  cartilages  and  tlie  adjoining  osseous  parts  of  the  lower  six  ribs 


200 


THE   ACTION   OF   THE    DIAPHRAGM. 


[Sec.  113. 


(costal  portion )|  bj  two  tliick  processes  or  cnira,  from  the  ujiptr  thret  or  four  liimbar  vertebrn*, 
antl  a  stemal  portion  from  the  back  of  tlie  ensifonii  process.  It  rpprt'sont^  an  arched  double 
cupola  or  domes  1 1  aped  partitjoi],  directed  tovvartia  tbe  rliest;  in  the  larfjer  coiicavitv  on  tbe 
right  Hide  lies  the  liver,  whilw  the  smaller  areb  on  the  k'ft  side  is  oicuiiied  by  the  s[di'eii  and 
Btomach.  During  the  passive  condition,  these  viscera  are  pressed  agninst  the  umier  surface  of 
the  diapliragra  by  tlie  elasticity  of  the  aldominttl  walls,  and  by  the  intra-abdominal  pressure, 
so  that  tht!  arch  of  the  dirtphrngoi  is  jiressed  npwfirds  into  the  chest.  The  elastic  traction  of 
the  Inngs  aliso  aids  in  producinj^  thia  rcsidt.  The  greater  part  of  the  npper  fturfiue  of  tlio 
central  tendon  of  tin*  diaphragm  in  united  to  the  j>ericanlinm.  The  part  on  which  the  lieArt 
rests,  and  which  is  perforated  by  the  infeiior  vena  cava  (foremen  qnadnlaternm)  is  the  deejrt?st 
part  of  the  middle  portion  of  tljp  diaphragm  dviring  the  ikifssive  condition. 

Action  of  the  Diaplpfagin,— Wlum  tlie  diaphmjKnn  con  tracts,  lioth  ardjed 
portions  1>cL"Otno  llntter,  and  tlie  t^lipst  in  therein'  i4tnignte<l  from  iibove  dowiiwiirtls. 
In  thi«  act,  tlie  lateral  musculuT  ]iiirt«  of  the  diaphragiii  pisi*  fixviii  t\u  arehe4l 
condition  into  a  flatter  fomi  (tig.  160),  and  diiriiig  a  foreed  inspimtif*n  the  low«^at 

lateral  [tortious,  ivliiidi  during  rest  are  in 
euntat't  with  the  ehest-uall,  becoiiie  separated 
from  it.  The  ndddh^  of  the  ieniral  tendon 
Tvliert*  the  lieart  re^tit"*,  (fixed  by  means  of 
the  ]X'ricar<Linni  and  inferior  vena  ra^a), 
takes  no  share  in  thi-^  inovenient,  espeeially 
in  onliiiary  quiet  breathing,  bnt  tliiriijg  tin- 
deepest  in8]iiridion  it  siiihs  sonn'whut. 

Undoubtedly  J  the  diaphragm  is  the  most  powerful 
agent  in  increasing  tlie  ca.vity  of  the  che5*t.  Briicke 
believes  that  in  addition  to  increasing  the  length  of 
the  thorjicic  Liivily  from  above  downwards,  it  aUo 
increases  the  transverse  diu meter  of  the  lower  juirt 
of  the  chest.  It  presses  upon  the  abdominal  viscera 
from  above,  and  strives  to  press  these  outward**, 
tliuB  tending  to  pn«*h  out  the  adjoining  thoracic 
wall  If  the  contents  of  the  tibdoraen  nro  removal 
from  a  living  animal^  every  time  the  (iiaphiugrn 
contT-acts  the  rilm  are  drawn  inwards.  This,  of 
course,  hinders  the  chest  from  becoming  wider 
below,  hence  the  presence  of  the  abdominal  vi»cera 
seems  to  ha  necessary  for  the  normal  activity  of  the 
dia|ihnigm.  Ever^^  VontiBction  of  tlie  diaphragm, 
by  inLTcasing  the  intra-abiioininal  prcssnre,  favours 
the  venoua  blood- cnrrent  in  the  atxJomen  towards 
the  vena  cava  inferior. 

Phrenic  Nerve.— The  immense  importance  of  the 
diat>liragm  as  the  (pad  ins^riratorif  m  tisck  is  proved 
by  the  fact  that,  after  both  ]ilirenic  nerves  (third  anil 
fourth  cervical  nerves)  are  divided,  death  occurs  in 
Kome  aninmls.  [In  animals  where  the  intercostal 
muscles  play  a  largii  part  in  the  act  of  ins])imtion, 
as  in  the  dog,  section  of  these  nerves  does  not  produce  death  rapidly;]  The  phrenic  nerve 
contains  some  senfsory  fibrea  for  the  pleura,  pericardium,  and  a  portion  of  the  diaphragm, 
[Ganglionic  tells  have  Ikh?u  found  in  the  course  of  the  inter-inns^ndar  iibres  of  the  phrenics,] 
The  contraction  of  the  diaphragm  U  not  to  be  regarded  as  a  "  simple  muscular  contraction," 
since  it  lasts  4  to  8  times  longer  than  a  Kirople  contraction  ;  it  is  rather  a  short  telank  conti-ac- 
tion,  which  we  naay  aip*st  in  any  stiige  of  its  activity,  without  bringing  into  action  any  anlii- 
gonistic  mnscles  {Ayimeckf'r  atid  Marckwfthf). 

(2)  The  Elevation  of  the  Bibi, — The  rilj«  at  their  vertebral  ends  (which  lie  much  higher  tJian 
their  sternal  ends)  arc  united  l>y  niean*i  of  joints  by  their  heads  and  tubercles  to  the  hodies  and 
trans vei-se  processes  of  the  vertebne.  A  horizontal  axis  can  be  drawn  through  both  joinfM^ 
aronnd  which  the  ribs  can  rotate  upwards  and  downwards.  If  the  axis  of  rotation  of  each  pair 
of  ribs  be  prolonged  on  both  sidvs  until  they  meet  in  the  middle  line,  the  angles  so  formed  are 
greatest  alxive  (125'),  and  smallest  below  (88'').  Owing  to  the  ribs  being  curveil,  we  can  imagine 
a  plane  which,  In  the  fiassive  (expiratorv)  condition  of"  the  cliest,  has  u  slope  J*rom  behind  and 
Jnwanla  to  the  front  and  outwards,  if  the  nl>s  move  on  their  axis  of  rotation,  this  plane 
beeomea  moi-e  horizontal,  and  the  thoracic  cavity  is  increased  in  its  tiansversc  diametci'.     Ai* 


Fig.  160. 

Sagittal  section  through  the  second  rib  on 
the  right  side.  When  the  arched  mus- 
culdr  prt  of  the  diaphragm  contraclSj  a 
wedge-shaped  space,  with  its  apex  down- 
wardsj  ia  formed  around  the  circumfer- 
en  CO  of  the  lower  i^art  of  the  chest 


Sec,  113,]  THE    ACTION  OF  Till]    tXTERCOSTAL    MUSCLES. 


20 1 


the  axis  of  rotation  of  t}iP  upper  riUs  runs  in  n  mtjre  froittiil,  oimI  tluit  of  the  lowin  riljs  in  a 
more  sagittal  direetton,  the  elevalioii  of  tlu*  upper  ribs  cfttises  a  greiiUr  iucrcaS4j  froiii  l>pfore 
f»ackwar<lH,  nnil  the  lower  nh.4  from  within  rmt wards  (iw  tlie  nioveiiieiita  of  nhs  whkh  art- 
directetl  drnvawairLs  sre  vertii^al  to  the  tixis).  The  t:ostrtl  ejirtilagps  undergo  a  alight  tension  at 
the  same  timt?,  whkh  hrinf^s  their  elastidty  into  play. 

Chaiigas  in  the  Chest. — .4//  mspiratory  musGles  irhirh  act  tliredhj  nj^on  fhe 
eheM'fmU  do  sti  htj  raising  the  ribs  : — {a)  \\\wu  Iht-  rihs  are  raisiHl,  tin*  irits  rr<»stal 
epacf's  are  \vi<h':iKnL  (/j)  Wln^n  tlir  U[)i>er  rilis  nre  vaisetl,  :ill  the  lower  ribs  ami  tli«' 
stertiUTiT  nnist  lie  tdi  riit^^d  at  thr  siime  tiiiii%  hee^iuse  all  the  riljs  are  toimected  with 
each  other  Ity  mt^a us  of  the  soft  part^  of  the  lut^'reostal  wpaces.  (r)  Duriiif^  itisjnra- 
tion,  there  is  an  elevation  of  the  rilipt  un<l  a  dilatatir^n  ol  the  intercosti^l  sjniee^. 
(The  lowest  rili  is  an  exi^eption ;  durinj^  flirted  ref^pinition,  at  least,  it  is  drawn 
downwards.)  {'/)  If,  on  a  preparatioii  of  the  chest,  tlie  rihs  lie  raised  m  in  inspira- 
tion, we  may  regtird  all  thoj^e  niiisclej^  as  clevaUn'8  of  the  rilx^,  wdiose  orijijin  ami 
inseTtion  lieciuru^  a|i|iroxiniated.  Everyone  is  agreed  that  the  sraleni  and  ieruhfr^tf 
rotifani7}i  lomji  et  hrevt^g^  the  senattiif  pj^iinis  mperiorj  are  inspiratory  innsi  les, 
Tliesi*  are  the  intist  inip<"rtniit  inspiratory  mnseles  which  aet  npnn  tlie  ribs. 

Intercostal  Muscles. — With  n'^mrd  to  the  aetion  of  the  int4n'costixl  muscles, 
there  h^  a  great  ditference  of  opinirm.  Aeeoixling  U*  the  ahnve  experiment,  Xht- 
external  intercnst-als  and  On^  inter- 
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eartilaginon.s  |>arts  of  the  internal 
intereo^stal:^  act  as  inspii-atory  mus- 
cles, whilst  the  remaining  imrtions 
of  th<?  internal  intercost-als  (fis  far 
as  they  an*  cohered  hy  the  ext*n"- 
nal)  are  elongated  when  the  rilvs 
are  raised,  while  they  shorten  when 
the  chest-wall  ilescends.  A  mnscle 
shorteiiB  only  during  its  activity. 
The  internsd  intercost^ils  wer^L- 
regarded  l»y  }lanil>erger  as  de- 
pressors of  the  ril>s  or  expiratory 
mnst!le^. 

In  fig.  161,  T,  whea  the  rod»,  n  iind 
h  (which  reitrr^eiit  tlie  riha),  are  misijd, 
the  intertast^il  HpiviL«  inast  be  widened 
{€/>cd).  On  the  onpowite  wide  of  the 
figur<^»  it  is  evident  tnat  when  the  rodn 
are  raia«»d,  the  ha^,  g  h^  is  iihortened 
{ik<g  h,  direction  of  the  external  iiitei^- 
eo«tAl«)  /  771  is  lerigtheoet  (l  m<o  u, 
diri'etion  <if  hitenial  intenostAls),  Fig, 
161,  11,  whows,  thtit  when  the  rihs  are 
niiwed,  the  inter-eartiUginei,  indieatrd 
hy  ff  /i»  and  tht?  external  iiitereofstals, 
indicated  hy  /  A\  are  shortened.  When 
the  rihs  are  raisiHi,  the  position  of  tlve 
muxeiilar  lihreH  is  indicated  hy  the  dia- 
gonal of  the  rhoTidt  heeoining  «hortei'. 

The  mode  of  attiiai  of  the  intercostal  nnm^kj*  is  an  old  story,  Galen  (131-203  A.D. )  re^^.ittUnjy 
the  externals  a-n  iiLsi>iratory,  the  internals  as  expiratory*  Hanihtu-ger  (1727)  aeet^pted  thia 
proposition,  and  €on*iideied  the  intereartilaginei  alao  as  inspiratory.  Halier  Iwiked  np"o  l>oth 
the  external  and  inteinal  intercostiiLs  as  inspiratory,  while  Vesalius  (1640)  regajdci  hf*tli  as 
expiratory.  Landerer,  o))S4  rviug  that  the  upper  two  or  three  interewtal  ^vikCf^  bkmnie  imrn>wer 
during  inspimtioii,  regarded  UaU  &h  active  during  inspiration  and  expiration.  They  kiH'p  onv 
ril>  ttttdi^hed  to  the  other,  m  that  their  aetinii  is  to  transmit  any  j^trani  nnt  u]ioa  them  to  the 
Willi  of  the  ehest.  €ht  this  view  they  will  he  in  action,  even  when  the  dLstanee  hetwien  their 
jM>tut«  6f  attachment  heeoines  greater,  Landoia  rfgardi*  the  external  inttTcostnU  and  intfir- 
t'artilaginei  as  actWc  uuhj  duHtig  inspiration,  tlie  internal  intereostalti  m^tp  during  expiration. 
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Fig.  lei- 
Scheme  of  the  action  of  the  intercostal  muaelcs. 
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Maj-tiii  and  Hartwell  expDsfni  tb?  intenml  int«rco«tiilB,  and  obHen^wl  whether  they  coutt^acted 
along  A^ith  the  flia[ihragTn,  or  whether  the  coutractwiis  of  these  tw*o  muBcles  alternate.  As  tlie 
result  oF  their  exi^eriiueuts,  they  eoTicluile  tliat  '*  the  iiiterniil  iiittjrcostal  rauacles  arc  expiratory 
tliroii^hout  their  whole  ext4_^ijt,"at  least  in  the  do<j  and  cat  j  and  that  in  the  former  animal  they 
ttip  ftiinoMt  'ordinary*  Tntiseles  of  i-e^fpiratiori,  while  in  the  latter  they  nre  *  extmoidinary  * 
rejijiimtory  mus<;les."]  Landois  is  of  opiidou  that  the  flticf  tkction  of  these  must' kv^  is  not  Uy 
raise  or  depress  the  ribs,  I  nit  rather  tliat  the  external  intereostals  and  the  intercartihiginei  offer 
resiatatice  to  the  inspiratory  dilatation  of  tlie  intertostal  sjiatea,  and  to  the  .sininltaneonsly 
increased  elistic  tension  of  the  lunga.  The  mtenjal  inteixostals  act  during  powerful  expiratory 
efforta,  (f»^.»  coughing),  and  oppose  the  ditttention  of  the  lun^  and  ehest  eauseii  by  thia  ncC 
tlttleas  nuaclea  were  present  to  resist  tlie  niiiuterropted  tension  and  pressure,  the  intert^oatal 
ifilbatatioe  wonld  betome  bo  diwtended  that  respiration  vvoiihl  be  ini]M:iHsible,  [Aoconling  to 
Riitherfopd,  the  internal  intereostalf;  arc  |irohably  niiiM'les  of  iiiMpirntioij.  ] 

Tilt'  Feetoralis  minor  and  {?  Serratus  anticus  major)  mn  only  at  t  ai?  idevators 
r>f  the  riljs  when  the  shoulilers  nre  fixed,  partly  l>y  the  rhoiuhoidei,  and  partly  by 
tixiii^  tiie  shtmhb/r-joiiit  uml  supiwrtitig  the  ariiis,  a^  is  done  Lni^tinctiA^ely  by 
jiersfnis  siiiiiTiitg  froui  lm'ntlilessiies.s. 

(3)  MuscleB  acting  on  the  Sterimm,  Clavicle,  aad  Vertebral  ColTunn, — "WHien 
tlio  head  is  fixed  hy  tht^  iiuusi^h-s  r^f  the  nei  k»  the  st^rmudeidoma^Ht^dd  raises  the 
manuhriiini  Pterni  and  the  st^Tnal  end  of  tlie  *davick%  so  that  tlie  thorax  is  rais^ml 
i»n<l  thereliy  dilated.  The  si:aleni  also  aid  in  this  act.  Tlio  iihivieular  |Kjrtion  of 
the  trapezius  may  act  in  a  similar  although  lens  energetic  manner.  "WTieii  tlie 
re/'tehraJ  rohtjim  «>  draitjhtmwii^  it  euiises  mi  elevation  of  the  dipper  ril^i^,  and  a 
dilatation  of  the  intereostal  spaces  whirh  aid  ins|iimtion.  Thiring  deeji  reapiratiou, 
tin*  straigliteniiig  of  the  vertida*itl  eolnmn  takes  plaee  involnntarily. 

(4)  Laryngeal  Moveineiits, — During  ialHsnred  respiratit>n,  with  evi^ry  inspiration, 
the  lartftu-  (hiit^-ntU  mid  tlie  glottis  is  opened.  At  llii'  sanji^  tinn'  the  palate  is 
raised,  so  an  to  [m  rniit  a  fi-ei^  passage  to  the  air  entering  thr<Migh  the  niouth. 

(5)  Facial  Movements. — 1  Hiring  lalioured  respiration,  the  fatial  inustdes  are 
involved  ;  there  is  an  ins]>iratory  dilatation  of  the  liostrils  (well  marked  in  the  horse 
and  rabbit).  When  the  iieed  for  respirati*in  is  very  great,  tlie  month  is  gradually 
witlened,  and  the  person  as  it  were  gtusps  for  breath,  Pnring  expiration,  the 
muscles  that  are  active  during  (4)  and  (5)  i^dax,  so  that  a  j)rjsition  of  et[nilibriunj 
is  established  witliout  tluTe  being  any  active  expiratory  niin  ement  to  counteract 
the  in»itiratory  movement.  During  insj>iration  tlie  jdiarynx  heocimes  narrow 
{(warhtnd), 

(II)  Expiration.— Ordinary  expiration  <>r(  urs  without  the  aid  of  mnacle*, 
owing  to  the  weight  of  the  chest-waU,  wbieh  tends  to  fall  into  its  normal  jKisition 
fr<im  the  position  to  whicdi  it  was  raised  iluring  inspiration.  This  is  aided  by  the 
elasticity  of  the  varioim  ytarts  of  the  eliest.  Wln^ti  the  costnl  eartikges  are  niiseil, 
which  is  accom]>anii>4  by  a  relight  rotation  of  tlieir  lower  margins  from  below 
forwar<ls  anil  npwards,  their  ehisticity  is  called  into  ]ilay.  As  s^xm,  there foi-e,  aa 
the  inspinitory  fones  ciiase,  the  eostid  cartilages  return  to  their  normal  position,  i.^, 
the  position  of  ex]>iratif>n,  and  tend  to  untwist  themselves  ;  at  the  siUiie  time,  the 
elasticity  of  the  diBtended  lungs  dra^vs  ii[>on  the  thorai^ic  walls  and  tlie 
iliaidiragni.  Lastly,  the  tense  and  elastic  abdominal  walls,  which,  in  man 
ehiefiy,  ai-e  stretched  and  pushed  forwanl,  tend  t-o  n^turn  t^»  their  non-<Ustendetl 
l»assive  condition  when  the  abdominal  visoera  are  relieved  fmni  the  pressure*  of 
the  eontractcHl  dia|>hmgni.  (When  tlie  j position  r^f  the  hrMly  is  reverseVl,  the  action 
of  the  weight  of  the  chest  is  removed^  Init  in  pbice  of  it  there  is  tlie  weiglit  of  tlie 
V  i s(  e  ra ,  w  h  i  c h  j  in *ss  i  \  \nn  \  th  e  dia | di ra  gin . ) 

The  abdominal  muscles  [obliquus  internns  and  externus,  rectus  alxlominis, 
transversalis  alidominiK  and  Ievat'(>rani]  are  always  active  during  lalK»ured  respiration. 
They  act  by  iliminisliing  tlie  alHbuninal  cavity,  and  they  pri^ss  the  alxlominal 
contents  upwards  against  the  diaphragnK  When  they  act  flimult4ineously,  the 
abdominal  cavity  ia  diminished  throughout  its  whole  extent.     The  triangularis 
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sterni  d<^|H(  s>m:\^  the  sk-nial  eu*ls  of  the  umted  cfirtilages  and  Ijonet),  fnmi  tlie  tliird 
tu  sixtli  ril>s  downwiinls  ;  and  the  BerratUS  pOBtieus  inferior  il<-i>r<\sKi  H  tfio  liiwest 
fonr  ribft,  rausinj^'  tlic  others  to  follow.  It  is  aided  hy  the  qnadratus  lumbonun, 
whit'h  ch^pii  sse.s  the  hust  rib,  Acconling  to  Henle,  the  scrratns  postiens  inferinr 
fixes  tlie  h>wtn'  riliH  fuv  tlie  aetion  of  tlie  slifi^  of  the  diaiilira^aii  inserted  into  them, 
80  that  it  tivU  during  inHpiration  Acconling  to  I^ndertT,  the  downward  ino%^om*^nt 
of  the  rdw  in  the  lower  part  of  tlm  tliorax  dilatea  the  chest. 

In  the  erect  position*  wlieu  the  vertebml  column  is  fixed,  deep  inspiration  and  expiration 
natnrflllj  alter  the  position  of  the  c«nt^re  of  gravity,  s^j  that  during  inspiration,  owing  to  the 
protiu-siuij  ol"  the  tboracie  and  alKlominal  walhi^  the  eentre  of  gravity  lies  somewhat  nmre  to 
the  front  Heiiee,  with  eaeli  resjtiratioa  there  is  an  involuntary  twilaneingof  tlie  lK>dy,  Dunng 
very  <leep  inspiration,  the  acconijjanying  ntrai^ht tuning  of  the  vertebral  column  ainl  the  tlirowing 
bflekwardK  of  the  head  coinjrenjiate  for  the  protnisioii  of  the  anterior  w  alls  of  the  tmukr 


Fig,  163. 
Sibson'a  thomcoraeter. 


Cyrtometer  cui-^ir.     Left  side  of  tlie  chest  re 
traeted  in  a  ^nrl  aged  twelve. 

114,  EELATI7E  DIMENSIONS  OT  THE  CHEST— The  diiimeter  of  tlie 
rliefit  is  asci^rtain*^d  hy  means  oi  ciillipers  ;  the  circnniference  with  a  fiexihle  eentj- 
metre  or  other  njeasure. 

In  strong  meri^  tlie  circumference  of  the  upper  jHUt  of  the  eh*'st  {innne<liatoly 
nmter  the  arni.^)  is;  88  et^ntinietres  {34*3  inches?),  in  females  82  eentinietreft  (32 
inches)  ;  at  the  level  of  tlie  en>iifnrni  proees^  82  centimetre,*^  (32  inehes)  ntid  78 
eentiinetn*H  (30 -4  iiiehes)  respeetively.  [In  liealth  the  ehest  expiinds  from  li  to  5 
inches  dnring  ft>reed  inspiration.]  \Vhen  the  arms!  nre  plat^Ml  liorizontally,  daring 
mo*leiiite  expiratifin,  tlie  eirrnnifereiu'e  immediately  under  the  iiipfde  and  the 
angles  of  the  senpnlflp  is*  eqnal  to  half  the  len^^tli  of  the  Ixwly  ;  in  man  82,  and 
during  deep  in^^piration  89  centimetres  The  eiii-nmference  at  the  level  of  the 
f^nsiforin  iNirtihi|^^e  m  6  eentimetresi  less.  In  old  people,  the  circumference  of  tlie 
upper  pmrt  of  the  chest  is  diminished,  m  that  the  lower  f>art  !>econicf.s  the  wider  of 
tlie  two.  Thi>  right  half  of  tlie  rlnHt  k  ngnally  slightly  larger  than  tht^  left  half, 
owing  to  tlie  greater  development  of  the  musch'S  on  that  side.  The  long"  diameter 
of  the  chest— from  the  clavicle  to  tin*  mar^n  of  tlie  h»\M'st  rib-ovaries  wry  murh. 

The  transverse  diameter  in  man,  alunc  and  helow^^  is  25  to  26  centimetres 
(9*7  to  lOi  inches),  in  females  23  to  24  centimetres  (8*9  to  9  2  inches);  alxwe 
the  nipple  it  w  1  centinietrc  mr^re.  The  anteroposterior  diameter  (distance  of 
anti?rior  chest-wall  from  the  ti])  of  a  s]>iiioii8  process)  in  tlie  upjier  i»:irt  of  the  chest 
is^lT  (6-6  iDches),  in  tlie  lower  19  centimetres  (7'4  inches).     Valentin  found 
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that  ill  a  man,  iluriiig  the  deepest  mspimtiou,  the  chtvst  on  a  level  with  the  groove 
in  the  heiirt  wa.s  itiereasod  ahout  yV  to  | ;  while  Hih^jtni  estimates  the  iiicre-a^  at 
the  levtd  nf  the  niijpk'  to  h»e  -^^^, 

Thomcotneier. — In  order  t<i  obtain  a  kiiowltnlge  of  tin*  degi'tN?  of  moveiiieut— rising  or  fall 
lug— of  tliL"  thost-vvMll  dmiiig  respiration,  various  iustruments  liave  bfeii  invent^.  The 
thorwHLomeU^r  (fi^.  163)  iiuAasiiros  the  elevation  m  different  i>artH  of  the  steniuuu  It  conaiats  ol 
two  ijietidlie  bara  j^laeed  Ht  nglit  liiigles  to  mch  other ;  one  of  tlieio,  A,  is  placed  on  the 
vertebml  eofmniL  On  B  tliere  is  platpcl  a  movtible  trnnavHrae  bur,  C,  which  carries  on  its  free 
end  ft  toothed  rod,  Z,  diicetfd  dowiiwaixls.  The  low<;r  end  of  thb  rwl  is  provided  with  a  jwid 
which  rests  on  the  sternum,  while  ita  toothed  e(ij;i:e  drives  u.  small  wheel,  which  more&  an  imwx, 
whom  exeursiouH  are  indiejited  on  a  cirele  with  a  seale  attat^bed  to  it. 

The  CJyrtometer  of  WoilleiS  eousists  of  a  brass  chain  of  movable  links,  to  be  ai>p1)ed  ii»  « 
definite  direction  to  part  of  the  elujit-wulb  cjj,,  transversely  on  a  level  with  the  iii[>]ilo,  or 
vcilieiilly  U[ion  the  nianiuiillnry  or  axillary  lines  anteriorly^  There  are  freely  movable  links  at 
two  ]H*rtM,  whieh  permit  tlie  chain  to  be  eusily  removecl,  so  that  an  a  whole  It  still  retains  it^ 
iVinn,  The  chain  is  laid  u[*on  a  sheet  of  iKippr,  and  a  line  drawn  with  a  pencil  around  ity  inner 
mar^dn  givea  the  fonn  of  the  thorai  (lig.  162).  [Two  thin  l>andfi  of  lead  nnitwi  by  a  leather  hinge 
answers  the  samtj  purposed 

Anatomieal  Eelations  and  Limita  of  the  Idmgi. — The  extent  and  bumularies 
of  the  hmgrt  aro  a>i(  i  rtained  in  tlie  living  subject  by  niean^  of  perciLBsioiL  wliich 
cQtisist«  ill  lightly  tapping  the  chestrwall  liy  means  of  a  percussion-hammer      A 


Fig.  161. 
Topography  of  the  Inn-;-  uil  heart.  A,  /,  upward  limit  of  margin  of  lung  during  deepest  expira- 
tion ;  m,  rt,  lower  limit  during  deepest  inspiration  ;  /,  / ,  t'\  trianpnlur  area  where  the 
heart  m  uncovered  by  hing»  dull  percussion-sound  ;  rf,  d\^\  miitiled  percuei*iou-80Otid  ; 
I,  i\  anterior  margin  of  left  lung  reaches  this  lino  during  deep  iuspiratiou,  and  during  deep 
expiration  it  recedes  an  far  as  <*,  t\ 

siiiftll  ivory  or  lioiif*  plate  or  plexlmeter^  held  in  tlve  left  hand,  is  laid  on  the'chest^ 
and  the  hamnitT  is  matle  t^i  strike  thi.^  ]dat<%  wherel>y  a  .sound  is  eniitt4Hh  whieh 
fnotnid  varies  with  the  rnnditton  of  the  subjaeent  htiig-tisaue,  ^Mieaever  the  hnig- 
eubstance  in  contjiet  with  the  i  hi'st-wall  contains  air,  a  clear  reaoniuit  tone  or 
sound — such  as  is  obtaifiml  l»y  striking  a  vessel  contiiining  air,  a  clear  percussion- 
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douiKl^ — is  obtaiuetL  Where  the  Itiiig  do<'8  Jiiit  eontaiii  Jiir,  ii  ilull  sound — like 
striking  u  limb — is  ubUined.  If  the  luirU  tontaining  air  hv  very  tliiiij  or  only 
parliaUy  filled  with  air^  the  suund  is  "  niuffl*?tl" 

Fig.  164  LiidiciUes  the  relation  of  the  Imif^^s  to  the  anterior  smfaee  of  the  cher^t. 
Thi"  fipices  of  tite  iunfjs  reach  3  to  7  e en ti metres  (11  to  2 '7  inches)  above  the 
elavicl&s  anteriorly,  while  |K»Ht*Tiorly  tliey  reach  ixs  higli  a;*  the  hn^el  of  the 
seventh  spinons  proce^.  Tlxe  Iowa'  manjm  of  the  right  lung  m  the  |ias«ive  position 
(moderate*  expimtion)  of  the  ehe^t,  coniniences  at  the  ritjhl  margin  of  the  Ktenuim 
at  the  insertion  of  tlie  sixth  rib,  nnm  mider  the  right  nipple,  nearly  parallel  to  the 
npper  btirder  of  the  sixth  ril»,  and  desceuiLs  a  little  in  the  axillary  line,  to  the 
>ipper  margin  of  the  smenth  ril*,  «>r  ev«^ii  to  tlie  eighth  rilj  [ami  to  the  ninth  rib  in 
tint  srnpular  line].  On  the  feft  side  {npart  from  the  posiliiin  of  the  heart),  the 
lower  linjit  |vnu'he,s  us  far  d«>\vn  anti-riiirly  as  the  right.  In  fig.  164  the  line  a^  t^  b 
shows  the  lowest  linnt  of  the  jtassive  lungs*  PoMerturhj  both  lungs  reaeh  as  far 
tlovvri  as  the  tenth  rib.  1  Hiring  \\w  dtepeM  iuqnrafkni^  the  lungs  destx^nd  antt-riorlj 
as  far  ais  between  the  sixth  and  seventh  riljs,  and  posteriorly  to  the  eleventh  rib — 
whereby  tlie  iliaphragni  is  se[>anitcd  from  tlie  thoTueie  wall  (lig,  164).  During  the 
tkeped  expirafiun^  the  h^wtr  margins  of  the  lungs  are  elevated  ahiiost  fis  mueh  wa 
they  descend  during  inspiration.  In  fig.  164,  ?rt,  n  iiidicjxtes  the  margin  of  the 
itgbt  lung  during  deep  iii8[»i ration  ;  /^  /,  during  deep  expiration.  [The  part  of  the 
cia\str'Wall  covered  hy  the  costal  plf urji  is  eousiderably  larger  than  the  eircumfen^nee 
of  the  lung*  This  is  specially  marked  at  tlie  lower  margnu  of  thf  lung,  and  where 
the  h  ft  lung  is  incised  over  the  heart.  In  these  regions,  dui-iug  expiration,  the 
surfaces  of  the  visceral  ami  |»aiii*tal  pleune  are  in  contact,  !jut  during  inspinitimi 
they  are  se]iarate.(b  and  alli>w  the  thin  margins  of  the  lung  to  be  insinuated 
brlwecn  them.  This  available  sj^ace  is call<^d  complemental ipace,  or  "disposable*' 
ur  rcBerve  pleural  space  Ity  Luschka  {fig.  62).] 

It  is  import^mt  t(^»  <jbserve  the  relation  of  the  margin  of  the  left  lung  to  the  heart. 
In  fig.  164  a  somewhat  triangular  sjmce,  reaching  from  the  noddle  of  the  [niint  ol 
insiTtion  «if  the  ffjurth  rib  to  the  sixth  rih  on  the  left  sule  of  the  sternimi,  is 
iiuliciited.  In  the  i^iissive  chest  the  anterior  surface  of  the  perieanlium  hes  in 
contsxct  with  the  iinier  surface  of  the  thoracie  wall  in  this  triangular  urea  {%  56). 
Tills  art>a  is  represcnteil  by  the  triangle,  t,  t\  t'\  and  percussion  o\  er  it  gives  a  dull 
sound  (superficial  cardiac  duIneBs,  p.  ^^), 

In  the  area  of  the  larger  trinngle,  */,  d\it\  where  the  heart  is  .separated  fmm  the 
chest'Wall  >iy  the  thin  anUrior  margins  of  the  lung»  |iercussion  gives  a  muffletl 
stamd,  whilr^  further  outwards  a  clear  hmg  percussion-sound  is  ol:4ained.  During 
deeji  in.spirati<  »n,  llic  inner  margin  of  the  left  lung  reaches  over  the  heart  a.s  far  as 
the  insertion  of  tlie  mediastinum,  wherelty  the  dull  sound  is  limited  to  the 
smallest  triangle,  f,  /,  C,  Conversely,  during  very  complr-te  exjiiration,  the  margin 
of  tlie  lung  rec^tuies  so  far  that  tlie  cardiac  dulness  emliraci-s  the  sjiaee,  f,  ^,  e, 

[The  right  lung  consists  nf  three  lr>l>es,  and  the  left  of  two.  The  relations  of 
tliese  lobes  X^y  the  chest-wall  are  iin[»ortant  clinically,  and  may  h**  t^ihulated  a^ 
follows,  according  to  Gibson  and  Kussell :— 

Eigtit  Lung  (3  lobes). 


Aiitrrlurly 
(ilaiiuiuiiy  line*). 


LAtermUy. 


PotttMrtorly. 


From  apex  to  4th  or  |  To  4th  riK 

5th  fib.  I 

From  4th  or  5th  rib  to     From  4tb  to  Oth  rib. 

inferior    margin    of  . 


From   apex   to  spino   of 
scapuliL, 

Nil 


lacg. 


NiL  From  6th  to  Stb  rilj.     From  spine  of  icapuk  to 

I  I      latli  rib. 


2o6 


l>ATHOLOGICAL   PERCUSSION-SOUNDS, 
Left  hung  (2  loins). 


Anturiortr 


UpptT  lobe, 
Ltrtcer  iobe, 


From  apex  to  6tU  ril*. 

mi. 


Ty  4th  rib. 


Jjdteninf. 


From   flpex    to  sjjiiie   of 
soapy  k. 


I 


From  4th  rib  to  base.     From  spine  of  scapula  to  j 
base* 


115.  PATHOLOGICAL  PEECUSSION-SOUNBS.— Abnorma.1  Bxaness.— Tlio  tiornift!  clear  n*- 
HDiiiiiit  jwri:  ussiou  Moiimi  of  the  lungs  becoines  iiuitlltMl  \y\um  iiiHltmtiaii  Uikiii  pliice  into  tlii? 
Imiga,  so  as  to  (limiiiish  the  normal  amoimt  of  air  within  them,  or  whtfn  the  lungs  are  rom^ 
pressed  from  without,  e.g.,  by  effusion  of  flyvd  into  the  jileura.  The  fjercussion-ftoUBd  befomcii 
clearer  when  the  chest-wall  is  very  thm,  as  in  spare  indiviJuak,  during  very  de«p  inspiration, 
and  especially  in  emphyi*emaj  where  the  air-veaicles  of  certain  parts  of  the  lung  (apices  and 
margins)  become  greatly  dilated^ 

The  pitch  of  the  jjercusston -sound  ought  ulao  to  be  noteil.  It  depends  npon  the  gre«ter  or 
leas  tension  of  the  elastic  pulmonary  tissiie,  and  oij  the  elasticity  of  the  thoracic  wail.  The 
tension  of  the  elastic  tissue  ia  incit?ased  during  iospiration  and  diminished  during  expiratioo. 
so  that  even  under  physiological  conditions  the  pitcii  of  the  sound  varies. 

The  .soiiniJ  is  saiti  to  be  tympanitic  when  it  has  a  musical  quality  resembling  in  its  timbre 
the  sound  proiiuced  on  drums^  and  when  it  has  a  slieht  variation  io  pitch.  If  a  caoutchouc 
ball  be  placed  near  the  ear,  on  tapping  it  gently^  a  well-marked  tympanitic  sound  is  heard^  and 
the  sound  is  of  higher  pitch  the  Kmaller  the  diameter  of  the  ball.  A  t>'mpiuiitic  sound  in 
always  produced  on  tapiiing  the  trachea  in  the  neck,  A  It/mpanifu'  sound  produced  ot^cr  t/tf 
chcsi  u  aitoatfs  iadicatim  it/  a  disexised  mudHiotu  It  occurs  in  cjwes  of  cavities  or  vomicae  within 
the  snbatanoo  of  the  lung  (the  sound  becomes  deeper  wh^n  the  mouth,  or  better,  the  mouth 
and  noscj  are  closed),  when  air  is  present  in  one  pleural  cavity,  as  well  as  in  conditions  where 
the  tension  of  the  pulmonary  tissues  is  diminished.  The  tynipanilie  sound  resembles  the 
liutnllic  UnlliiUf  which  ii*  heard  in  large  j^iathological  cavities  in  the  lungs^  or  which  occurs 
when  the  pleural  cavity  contains  air,  and  when  the  conditions  which  permit  a  more  uuifonu 
reflection  of  the  sound-waves  within  the  cavity  arc  present- 

[When  a  cavity,  fr&ely  comnnmicating  with  a  large  bronchus,  exists  in  the  upper  and 
anterior  part  of  the  lunj^,  a  peculiar  "  cracked-pot  sound "  is  heard  on  percussing  over  the 
part.  Some  notion  of  this  sound  may  be  obtained  by  clasping  the  two  hands  so  as  to  bring  the 
ymlms  nearly  together,  leaving  an  air-space  between,  and  luen  striking  them  on  the  knee, 
MTien  wrcussion  is  made  ov^er  a  largi*  cavit^^  communicating  with  a  bronchus^  some  of  the  air 
is  expelled,  and  the  sound  thereby  emitted  fs  blended  with  the  fundamental  nolo  of  the  air  in 
the  cavity  itself,  the  combination  of  these  two  sounds  thu^i  producing  the  *' cracked-pot " 
sound.] 

Eaaiatance. — When  |M*rcussing  a  chest,  we  may  determine  whether  the  substance  lying  under 
the  portion  of  the  chest  under  examination  pf^sents  great  or  araall  resistance  to  the  blow,  either 
of  the  percussiondiammer  or  of  the  tips  of  the  holers,  as  the  case  may  be,  {c.g,^  in  great 
pleuritic  effusion  exerting  much  pi-essnr©  on,  and  so  distending,  the  thoracic  walls.] 

Phonom©try,  —  If  the  stem  of  a  vibmting  tuning-fork  be  placed  on  the  chest -wall  over  a  part 
containing  air,  its  sound  is  intensified  ;  but  if  it  ha  placed  over  a  portion  of  the  lung  which 
contains  little  or  no  air,  its  sound  is  enfeebled  {voit  Baas), 

lie.  THE  NOEMAL  EESFIRATOEY  SOUUDS.^If  tbc^  ear  .linxtly,  ^»r 
through  the  minliuTn  of  a  stethoscope,  lie  pla«'ecl  in  connection  with  tho  eht-jst-wall, 
we  hear  over  tlie  entire  area,  wLeie  the  lung  h  in  coiititet  with  the  fhe^t,  the  sti- 
called  **  normal  vesicular  soimd,"  wliieh  in  nudible  dun'ttfj  irinpi ration^  and  its* 
typictil  chfimetei'8  niay  he  studied  hv  listening  in  the  infni-8eaj>idar  region  in  lui 
adult.  It  is  a  fine,  soft,  sighing  or  breezy  ^ourid,  [whieh  gmdnally  increases  in 
int^npity  until  it  reiielies  a  niaxiniuni,  and  ffiUs  away  liefore  ex|iiration  liegins]. 
It  i^  ^lid  to  he  eauseil  hy  the  sudden  dUutation  of  the  air  resides  (hence  **  vehi- 
cular ")  during  inspiration,  and  it  ih  also  ascribed  to  the  friction  of  the  euiTeot  i>f 
air  entering  the  alveoli.  Tlie  sound  lia^,  at  <>ne  time,  a  soft,  at  another,  a  sharper 
character ;  the  hittf^r  oecnrs  eon.staiitly  in  children  up  to  12  yeai"Si  of  iige.  In  their 
case,  the  »oiind  is  sharper,  bt^cmise  tlie  air^  in  entering  vehicles  one-thinl  narrower, 
U  subjected  to  greater  friction.     This  is  foUowed  by  an  expired ory  soiuul,  w^hicli 
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may  he  absent  during  quiet  breatliing.  It  is:*  a  feeble  sighing  soun^i,  of  an  mdm- 
tinct  soft  character,  caused  Ity  the  air  passing  out  of  the  air-vesieleSj  is  three  or 
four  times  shorter  than  the  ins|umton%  is  hiudest  iit  tirstj  and  i*oon  disappears,  the 
latter  part  of  the  f^xpiratory  act  giving  riwe  t*^  no  midibU^  sound.  Its  absence  is  not 
a  f*ign  of  disease,  but  when  it  is  prolonged  and  loud,  suspicion  is  aroused.  The 
relative  dunition  of  the  respiratory  sounds  is — 

Insiiiratoiy  sound   :  Expimtory  sound   :  :  3  :   I. 

BroncMal  Erespiration, — Within  the  larger  air-passiiges — liuyiiXj  tnicliea, 
I >ronchi— during  ins[nriition  and  expiration,  there  are  loud,  rough,  harsh  sounds 
like  a  ^har])  h  or  eh — the  *^ hromhiar^ — the  laryngL^al,  tracheal,  or  **  tubular^* 
sound,  or  breathing.  [In  normal  !>ronchial  br(  athing,  as  licaixl  over  the  trachea, 
there  is  a  pause  between  tlie  inspinilory  and  ex|iinitory  soinidj^,  which  are  of  nearly 
equal  dunitii^n  and  of  about  tlie  same  intensity  throughout  These  soimd.s  ari/ 
also  heard  between  tln^  scapula?,  at  the  level  of  tin/  fourth  doi-a^d  vertclu'a  (bifm- 
cation  of  tracliea),  and  they  occur  also  during  exjiiratinn,  being  slightly  louder  on 
the  right  side,  owing  to  the  slightly  greater  ealilae  of  the  right  brLiuchns,  At  all 
other  partH  of  the  chest,  the  vesienlar  sound  oliscurea  the  tubular  or  i»ronchial 
sound.  If  the  air  vesicles  arc  deprived  of  their  air,  the  tubular  breathing  becomes 
distinct.] 

Bronchial  respiratiun  is  priRluced  chiefly  Ln  the  larynx,  owing  to  the  formation 
of  air-eddies  in  consequenee  of  the  narrowing  of  the  respiratory  part  of  the  glottis. 
This  "  laryngeal  stenosis  .sound  "  excites  resonance  of  the  tiacbeo-broncJiial  column 
of  air,  and  cciminnnicates  to  it  the  si>ecific  character  of  liri>nchial  lireathing  which 
is  heard  over  the  large  tubes  of  the  broneliial  system  (Dehio). 

[On  listening  with  a  stPtUoscope  ovor  the  traeliea,  or  ttett«r  Htiil,  over  the  cervical  verti^bm%  the 
noutids  heard  vary  according  as  the  month  i a  open  er  closeiJ.  fFith  tk*^  mmttk  (fpni,  th«  soft- 
blowiafi  respiratory  souada  art*  about  of  equal  duration,  are  sepflrated  by  ft  shiirt  paus^^  but  the 
expirataiy  is  louder  than  the  ins|>i^ator}^  1/  the  moutk  Ite  c/rxstW,  and  respiration  t;<jnsef[iieiitly 
earned  on  throuj^h  the  nose,  it  18  found  that  the  sotinda  become  harsher  and  louder  ThV 
character  of  the  sounde  also  vary  with  the  rapidity  of  breo thing.] 

It  is  ai*serted  tliat»  when  lungs  containing  air  are  placed  over  the  trachea,  tb^  tubular  sound 
there  produced  becomes  vtsicular.  In  this  cjise,  wo  must  suppose  that  tJie  veHicular  sound  arises 
from  the  tubular  breathing  becoming  weakened^  and  acoustically  altered  by  i>eiDg  cotsducted 
throtJi^h  the  lung  alveoli.  A  stighing  sound  is  often  produced  at  the  ai>erture8  of  the  uose  and 
mouth  during  fortied  inspiration. 

117.  PATHOLOGICAL  KESPIRATORY  SOUNDS, —[The  breatb-souuda  heard  in  tiisease  may 
be  merely  modiHeations  oC  thf  normal  vesicular  or  bronchial  sounds,  or  new  sounds,  such  as 
friction  srinnris,  raks  or  rhonchi.J 

[Puerile  Breathing  in  merely  au  exaffger&ted  vesicular  sound,  so  called  because  it  resembicii 
the  louder  vesicular  sound  beard  in  chihrren.  It  occurs  when  some  part  of  the  lung  is  uuahle 
to  act,  and  there  is,  an  it  were,  extra  work  of  the  other  parts  to  eompeusate*  ajid  thus  the 
sound  h  cxaj^jk^t rated.] 

(1)  Bronchial  or  Tubular  Breathing  occurs  over  the  entire  area  of  the  luug,  either  when  the 
air-vesiclea  are  devoid  of  air,  which  may  he  caused  by  the  exudation  of  fluid  or  solid  coastitueuta, 
or  when  the  lungs  are  compressed  from  without  In  both  cases  vesicular  sounds  disap]}car,  and 
the  condensed  oraoUdilied  lung- tissue  cmidu^t^  tlie  tubular  sound  of  the  large  bronchi  t^  the 
surface  of  the  cheat.  [The  souml  heard  over  a  bepatised  lobe  of  the  lung  in  pneumouia  is  n 
typical  example.]  It  also  occurs  in  large  cavities^  with  resistaut  walls  near  the  surface  of  th*^ 
lung,  provitled  these  cavities  communicate  with  a  large  bronchus.  [In  this  case  it  is  termed 
cavemouB  breatiiing.] 

(2)  The  amphoric  sound  h  compared  to  that  produced  h^  blowing  over  the  month  of  an 
empty  bottle.  [It  occurs  either  when  a  mrtf if— sit  least  the  size  of  the  fist — exists  iu  the  lung, 
which  is  so  Idovvn  into  during  re.'i]iiration  that  a  peculiar  amphoric-like  sound,  with  a  metallic 
timbr»},  called  metallic  tinkling,  is  produced  ;  or  when  the  lung  still  contains  air,  aud  i^  cap- 
able of  expansion  ;  as  there  is  still  air  iu  the  pleural  cavity,  it  acts  as  a  i*e3onator,  and  causes  an 
amphoric  sound,  siiuultaneous  with  the  chau^'e  of  air  in  the  lung?.  [The  auiphoric  sound  or 
echo  aud  uietallic  tinkling  are  the  only  certain  aigns  of  the  existence  of  a  cavity  in  the  lung.] 

(3)  If  obstruction  occui*s  in  the  couiue  of  the  air-i>a.ssage8  of  the  lungs^  yarmua  results  may 
accrue,  according  to  the  natiu-e  of  the  resistance; — (ff)  owing  to  various  causes,  cg,^  in  the 
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apicea  of  tlif^  hmgs,  tbeie  may  be  piirtlal  avvfilling  of  the  wallw  oF  the  air-tubea,  or  iiifilti'tttioD 
into  the  air-eellii  which  liiudeiM  the  rt'giilaf  !iiip|ily  of  air,  [ii  tlie^t;  cuses^  |Hii'ts  uf  the  luii^ 
are  not  Hiipiiliid  witlt  air  ofjntiiiMonsly  ;  it  only  rt^aehei*  (Ijeui  pi-riinlie^iilly,  wluii  a  COgwheol 
flotuid.  (xxruTM.  A  similar  souud  may  he  lipani  aceasiojially  in  a  tiorinal  luiig»  whcu  tlie 
mu&L^los  of  tljn  (--kest  ('*>n tract  in  a  pcriwlie  spasiiiwiic  mttiun^r.  (i)  When  the  air  eutcriug  Lai^ 
bronchi  eauBos  the  fonnatioii  of  bubble**  in  ihv  intieUM  which  uiay  liave  accumulated  tliere, 
**  nrnconB  Tal^  "  arc  pruduced.  They  alto  oci:ur  in  small  SipjM'c^  when  tht:  walla  are  ^enarateci 
fri>ra  their  fluid  contents  by  the air  i^uteringduriiig  inspiration,  or  wdieij  the  walls,  being  atiheiient 
to  each  other,  are  suddenly  pullt?d  asunder.  The  iiilcs  ai^  diHtiugwished  as  mvLH  (when  the 
cuuteutii  are  lluid),  or  as  drtf  (when  tlit!  con  tents  are  sticky)  ;  they  may  hii  inspirAtory,  expiratory, 
or  eontimums,  or  they  may  be  eoai^e  or  line;  further,  there  is  the  very  tine  crepitation,  or 
crackling  Miuiirl,  uiirl,  Iftstly,  the  niftJillif  tinkling  rauseil  in  larj^e  cJivitiea  through  re»onfttio«, 
[CrepitatioTi  oi  vedcular  rales  ai-e  iiue  crepitatiug  somuli*  like  thoHj*  productKl  by  rubbiug  a  lock 
of  hair  between  the  lingers  near  oueV  ear,  or  the  aoundf*  t*^'*^^^*^*^  when  twilt  iij  thrown  oq  u  fi|-e  ; 
they  ixx-ur  only  iluiiTig  inspimtion,  and  are  a  proof  that  Home  air  is  entering  the  air-vejiiclea. 
It  h  hriinl  in  its  typical  form  fliiririg  the  lii'Jit  stage  tjf  imeumouia,  and  sf+Mun  to  be  [iroduct^  by 
the  bursting  of  minute  bubble*  of  air  in  a  Ihiid.  ]  {c)  W  ben  the  inueoiiN  nirnihrane  of  the  bi-onchi 
ia  grtatly  awonen,  or  in  so  t^uvered  with  viscid  nuicua  that  the  air  iiitbit  force  its  way  thitiugk, 
deeii  stioorcmH  rhonclii  (rhoiichi  Hoijori}  niuy  occur  in  the  laige  air- passages,  and  cle^ir  Hbrill 
sibilant  sotinds  (ibonchi  .silnhmtes)  in  tht-  amtiUer  ones.  [Ithonchi  are  whi^stlirig  sotjorouH  rounds, 
with  a  squeakiTig  character^  and  are  ujiiially  due  to  catarrh  or  to  allectious  of  the  lironchinl 
muc'Oiis  niemhrane  or  bronchitis.  When  they  are  of  low  jtitch,  and  jaodurtid  in  the  largo 
broucldal  tulies,  they  aj-e  spoken  of  ai*  BonorouB  rhoncM,  but  when  they  are  of  high  pitch,  and 
n^prtxluced  in  tlie  amall  bronchial  tubes,  tliey  iiri  aihilant  rhonchi]  When  there  h  fxtem^ive 
bronchial  <"atarrh,  not  unfrec|UeirtIy  we  feel  the  thcst-WMll  vibrating  with  th«  mle  i^uunds 
(bronchial  fremitus), 

(4)  If  fluid  and  air  occur  togetlier  in  one  pleural  cavity  in  which  tht;  Inng  is  collap-sed,  on 
Hhaking  the  perHOti's  thorax  vigorously  we  iH'ar  a  sfuiinl  such  as  U  prfMlnctwi  when  »ir  and 
water  are  shaken  together  in  a  bottle.  Thia  \h  the  succussion  sound  r»f  HipjMjcratea.  Mucli 
more  rarely  this  sound  is  heanl  under  similar  conditions  in  large  pulmonary  cavities. 

(r>)  Pleural  Friction.— When  tlie  two  oppoaeil  surfaces  of  the  t^bnira  ar«>  inflamed,  havo 
bc<!onui  soft,  and  arc  coveted  with  cxiuJatiun,  they  move  over  each  other  tluring  rcjipiration,  und 
io  doing  HO  give  risu  to  friction  sounds,  which  cjiu  bo  f tilt  (often  by  th«  patient  himself),  and 
can  also  l)e  lieard.     The  sound  is  coiii|»irablc  to  tbi^  sound  produced  by  bemUng  nc-w  leath-  ^ 

(6)  Pectoral  Fremitus. — When  Wf  K|>ea,k  or  sing  in  alow!  toue^  the  walls  of  tht  ebe^t  \ 
l>pcause  tlie  vihratlon  of  the  voial  eoixis  is  propagated  tliroughout  the  entirf*  bronehial  r  i  i 
tions.  The  vibration  is,  of  eoui-sc,  greatest  near  the  trachea  and  large  bronchi.  The  ear  l^uikjI 
detect  the  sounds  distinctly.  If  there  be  much  exudation  or  air  in  the  pknmi,  orgreataeeumtila- 
tion  of  mucu>}  in  tlu>  bronchi,  the  |iectoral  fremitus  is  dioiinishRi  or  altogether  absent.  [In 
tiealth,  when  a  jM^i-Hon  speaks,  the  vocal  resonance  over  the  trachea,  although  loud,  may  lnj 
inarticulate  ;  and  on  lisUning  over  the  sternum  the  sound  is  diminishoci  and  quite  iuaj-tit'ulale  ■ 
wditlc  over  the  chest- wall  gtujerally  the  sound,  though  distinct,  is  feeble. 

All  conditions  which  cause  bronchial  breathing  increase  the  ]>ectoral  fremitus.  Under 
normal  eircu  in  stances,  therefore,  it  is  louder  where  bronchial  breathing  it*  hcArd  normally.  The 
ear  bears  an  intensitied  s^onnd,  called  brouohopbony,  [which  is  a  sound  like  that  beard  normally 
over  the  trachea  or  bronchi^  but  audible  over  the  vesicular  luug4issue.  The  conditions  that 
eaui»e  it  are  the  sivme  as  those  on  wlricb  bronchial  breathing  dejjends,  so  that  it  ia  heard 
in  pneumonia  and  phthisis.  If^  through  elfnsion  into  the  |>leura  or  inflammatory  pn>cease8  in 
the  lung-tiHsuc,  the  brorichi  are  pre^ssed  flat,  a  peculiar  bleating  sound  (Bgopaony)  may  be 
heurd.) 

118.  PEESSDEE  IN  THE  AIE-PASSAGES  BUEIlfa  RESPIEATION.— 
Respiratory  Pressure.— If  a  inimonietcu-  be  tied  into  the  trachea  oi  an  aninial, 
sn  that  I  be  rcspinttion  goes  on  completely  nndiMturbcdj  ^f^,  normal  respiration, 
d tiring  every  ms(>i ration  there  is  a  negiitive  i>r(_\ssnre  {-3  miii.  Hg)  and  during 
4?xpirati<jn  a  p*usitive  prcHsure.  iJonders  placed  the  U-shaped  niiuiomctor  tuLne  in 
Dim  nimtrii,  closed  Ina  month,  heaving  the  other  nostril  <'iien,  and  respired  quietly. 
During  every  quiet  itisptration  the  mercury  yhowed  a  negative  presssuTts  of  -1  nun,, 
and  during  ex  pi  fji  tion  a  positive  j)r<fssure  of  2-3  mm,  {Hg)» 

Foroeii  EespiratioiL — -A^  Ki>on  as  the  air  was  int^spired  or  expired  with  grtiater 
force^  the  variations  in  jireasurij  V^eame  very  much  gn?ater,  e.f^.,  during  speaking, 
(Ringing,  and  eongbing.  The  in«ptraiory  presiiniv  wh.h  =  57  nira.  (36-74),  the 
greatest  expiratory  pressure  +  87  (82-100)  mm,  Hg.  The  pressure  of  forced  f^xpira- 
tion,  therefore,  is  30  mm,  greater  than  the  inspiratjry  pre^ure  (Doiulers). 
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ReBiitamee  to  Inspiration. ^Nutwith«t4inding  this,  we  must  not  conclude  that 
the  expiriitory  iMiiscles  att  more  ]>owerf ally  than  the  iiispmitory  ;  f<>!" during  iiispira- 
tioii  a  varit-ty  of  resistances  have  U>  he  overcome,  so  that  after  tliese  Iiave  iHien  met, 
there  m  only  a  residno  of  the  fon^o  for  the  aspiration  of  tht?  niercnry.  The  resist- 
ances to  be  overtoiiie  hy  tlie  inspiratory  muscles  are  :— ^{1)  The  elaMw  letmonoftke 
lun(j$^  ^vhicli  dnriJig  the  deepent  expirations  =  6  uim.  -  during  the  deepest  inspini- 
tion.s  =  30  nnn,  Hg  (§  107),  (2)  The  raising  of  the  weight  of  the  eheHt  (3)  Tlie 
elmtic  himon  of  tlie  lutstal  cartilages.  (4)  The  depression  of  the  ahdoniinal  content^, 
and  the  elastic  dit^tj^^ntion  of  the  ahdoininai  walls.  All  these  not  inconsiderable 
resistances,  whicli  the  inspiratory  nuiselees  haVf  to  ovt^rcume,  act  iluring  expiration, 
and  aid  the  ex  pirate  >ry  muscles.  The  forces  concerned  in  inspiration  are  decidedly 
mncli  gieater  than  those  of  ex]jiration. 

Intrathoracic  Preasure. — As  tlie  hmgni  within  the  ehest,  in  virtue  of  their  elas- 
ticity, CKntiiiually  ntrive  to  collapse,  necessarily  they  must  cause  a  negative  pressure 
within  the  ehtsi.  This  amounts  in  dogs,  during  inspiration,  to  -  7i  to  -  7  5  mm, 
Hg,  and  daring  expiration  to  -  4  mm,  Ilg.  The  con'esponding  values  for  man 
liave  been  estimated  at  -  4  "5  mnu  Hg  and  -  3  mm.  Hg,  by  liuteliinscm. 

[Wt^  must  di.'itinguish  botv^eou  the  respiratory  preSBur©  of  the  lur  within  the  rcupirat&rifpamagts, 
aad  the  intrci-thonieic  pr<3saare.  The  fonner  is  tliu  sairve  (ih  the  ataiospheric  ]>rflssure  when  the 
chest  U  |»iHiiivL%  but  lews  thioj  it  as  the  thoat  h  being  ealargfidj  and  greatflr  timn  it  when  it  U 
being  iJiaiinijihed  ia'MJze.  The  intra-thoracic  presaiire  is  the  pressure  within  the  chest,  bat 
outsMc  thK  (ufUjH,  i.f'.,  iij  thu  pleara^  iiitdia^titiaiD,  kc.  It  is  nt'gativL%  *,t.,  less  than  the 
atxnoBpherk  pressure^  *ind  rimst  vary  with  tJie  degreo  of  distention  of  the  hmgs.] 

pfethodfi  of  Efitimatiiig  Intra-Thoracie  PresAure. — A  direct  eetlmAtioii  wag  made  hy 
Adamkiewicz  and  Jacohson.  A  trocar  with  ity  styletto  was  forced  into  the  fourth  left  inter- 
eOKtal  s]>ace  near  the  «ternnin  and  pushed  into  tlie  pericardinro  (^^heep).  The  atylette  was  then 
withdrawn,  uiid  Xhv  trocjir  eoiinectt^d  with  a  manometer,  and  the  rn^gative  prexsure  of  -  3  to 
-5  rum.  Hg  was  olvtaintrl.  Dnring  severe  dy}ipn<Ba  it  was  -9  mm.  Hg.  RoHenthiil  intro- 
daced  an  oeeophiigeal  sound  with  an  ekatic  ampulla  on  its  lower  end  iuto  the  ojisophagua, 
so  that  the  ampulla  canitt  to  lie  opposite  the  jjostorior  niBdiastioura,  llie  souod  was  connected 
with  a  re^atering  tambour  or  manometer.  During  inspiration  the  manometer  hdl,  and  during 
iBspirmUou  it  rose.] 

fiven  tlie  greatest  insjaratory  or  expiratory  preiisure  fa  always  much  Ic&s  than  the  hlood- 
pressure  in  tlie  large  arteries  ;  but  if  the  pressure  be  ealculatc<l  uijon  the  entire  respiratory 
sorfaee  of  the  tliorax,  very  considerable  reauUs  are  obtained. 

Pneumatometer. — This  instrument  of  Waldeubtug  is  merely  a  mercurial  manometer  fixed 
to  A  standi  aud  connected  to  an  elastic  tube  with  a  suitalde  mouth  piece,  which  h  litted  over 
the  month  and  nos*?,  while  the  variations  of  the  Hg  can  be  read  oil"  on  a  stale.  [In  the  male, 
th«  expiratory  pressure  is  90-1:20  mm,  Hg,  and  the  in8[>iratory  7'>'iO(l.  The  relation  of  the 
pressures  during  expiration  and  inspiration  is  more  important  tlian  th©  absolute  pressure.] 
The  inapiratoiy  pres^inre  is  diminishetl  in  nearly  alt  diseases  where  the  expanHion  of  the  lung  is 
impaired  [phthiiiiB]  ;  or  the  expiratory  preasure  is  diminished,  n.'^  in  empbysemn  and  asthma. 

[The  LuBgfl  before  birth  are  in  an  atelectatic  conditioe,  le.y  tliey  e<uitain  no 
air.  The  alveoli  are  lined  l.>y  eubiealj  nucleated  granular  ceOi*,  and  their  surfaces 
are  in  apfiositiijo,  so  that  there  are  no  alveolar  eavities  ;  similarly  the  walls  of 
the  hronchirdes  an*  in  contact,  while  the  cavity  which  exii^t.s  in  the  larger 
bronchi  and  traehea  ccintains  liiiid.  At  the  first  breath  the  air  sucked  in  ha.s  to 
overeome  the  adhesion  of  the  t^urfaeet*  of  the  ljr<inchi  and  alveolar  epithelium,  aud 
as  inspiratioji  follows  inwpiratiijn,  gradually  the  resptmtciry  passages  are  opened 
np.  It  takes  some  time  to  estuTdish  a  fully  ilistended  contlition  of  the  lung.  In 
a  newlydxu'u  animal  there  is  no  negative  pressure  in  the  pleural  cavity,  for  the 
Imigs  have  lud  yet  been  distended,  nor  do  the  hmg^^  collapse  when  the  idlest  ia 
up)enpd.  It  is  oidy  wlien  the  elastic  tension  of  the  huigs  is  brrrught  into  play  by 
the  chest  being  distended^  that  tlie  negative  ]>Tessuix^  obtiiins  within  the  pleural 
cavity,  and  the  lungs  collapse  when  the  client  is  opened.  Tlie  distention  of  the 
lungs  takes  place  gnidually,  and  seems  to  be  brought  about  by  the  client  growing 
more  mpidly  than  the  lungs  within  it ;  m  that  even  in  the  phase  of  expiration  the 
lungs  are  kept  th'stended.] 
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Effects  of  the  first  Eeapimtion  on  the  Thorax.— Until  l>irth  the  mit^  Iimgs  aw  completely 
colla^iisGd  (iitelectatic)  vvithiti  the  chest,  atid  fill  it,  8a  that  on  openiiij;  the  chest  in  a  dead  fa'tii», 
pneiimo't borax  d*>es  not  occur  (Bcrnstehi),  Supposing,  however,  respiiation  to  have  been  full}* 
estayisiheJ  after  birth,  and  air  to  have  freely  entered  the  lungs,  if  a  manometer  be  placed  in 
connection  with  the  trachea,  and  the  cheat  be  0|>eiied,  the  niantmieter  will  register  a  pressure  ol 
6  mm.  Hg,  due  to  the  collaj>se  of  the  elastic  lungs.  Bernstein  »np[H)ses  that  the  thorax  assiimea 
tt  new  permanent  form,  due  to  the  tii-st  respiratory  dijiteution  ;  it  ia  a*  if,  owing  ta  the  respir- 
atory elevation  of  the  ribs,  the  thomx  had  become  permanently  too  large  for  the  lungs,  which 
are,  tbereforej  kept  permanently  diMtendetl,  hut  collapse  as  soon  as  air  pasMej^  into  the  pleura. 
When  a  lung  has  once  been  lilled  with  air,  it  caonot  be  emptieil  by  pressui-e  Irain  without,  ua 
the  amall  bronchi  are  compressed  l»efoie  the  air  ean  jmss  out  of  the  alveoli.  The  oxpinitory 
muscle.^  cannot  possibly  ex|«d  all  the  aii  from  tlie  Iniigs,  while  the  inspimtory  miiscukr 
force  is  stillicient  to  distend  tlie  Innga  beyoad  their  elastic  e{|uilibrium.  Inspiration  di,iteuda 
the  lungw^  increaning  their  elastic  tension,  while  expiration  diminishes  the  tension  without 
nlxilishiug  it. 

119.  APPENDIX  TO  RESPIEATION.—lfasal  BieatMn^.^Diiring  quiet 
respiration  we  usually  breatliu — or  ouj^dit  t^n  bresilbo — through  the  iioistriLs,  the 
mouth  heiug  *dost^<J.  The  eurretit  of  air  passes  through  the  pliaryngouiijud  cavity 
— BO  that,  iu  it^  course  *luriug  iuspiratitMi^  it  is  (1)  imnnt*!  and  Rendered  moid^  and 
thus  irritation  r>f  tlu^  niiieous  niciidiram?  oi  tlie  air-pat*s:iges  l>y  the  cold  air  is  pre- 
vented ;  {2)  small  pmiieie^  of  ttonf^  or  other  ftuvign  8ul>6ttauces  in  the  air,  adhei-e 
to,  and  1>ecome  embedded  iu  tln^  uuicus  covering  tiie  Boruewlmt  t^irtuous  walls  of 
the  respiratiiry  jwissjiges,  and  are  carried  out^vards  by  the  ageuf^y  of  the  ciliated 
epitheiiiim  of  the  rfjspiratory  passages ;  (3)  disagreeable  mlours  and  certain 
impurities  are  detected  by  the  sense  of  smell. 

If  a  Inng  be  inflatt^d,  iiir  constantly  passes  throngh  the  walls  of  the  alveoli  and  tmchea»  Thi* 
also  fW'curs  during  violent  expiratory  ellbrU  (entaneoiis  emphysema  in  whooping-cough),  *o  tliat 
pneumo  thorax  may  occur  (*/.  K  L'wahi  and  Kohai), 

Puliaonaty  (Edema,  or  the  exudation  ai'  hinph  into  the  jiulmouary  niveoli,  occurs^ I) 
When  there  is  very  great  resistance  to  the  blocKl-«tream  in  tlie  aortii  or  its  bmncheA,  r.gr.,  by 
ligatnring  all  the  arterie-i  going  to  the  head,  or  the  arch  of  the  aorta,  so  that  onlv  one  carotid 
remainn  pervious.  (2)  When  the  pulmonary  veins  are  iMJeluded.  (3)  When  the  left  veiitriele, 
owing  to  mechanical  injury,  t^eases  to  iieat^  white  the  right  ventiide  goes  on  tontraeting  {%  -17), 
These  conditions  produec  at  the  same  time  ana?mia  of  the  va^fomolor  centre,  which  results  in 
stimulation  of  that  centre,  and  consequent  contraction  of  all  the  small  arteries.  Thus  tlie 
blood-8ti*eam  through  tlie  veins  to  the  nght  heart  is  favoured,  and  this  in  ita  turn  favours  the 
production  of  cudiniii  of  the  lungs.  [The  injeetion  of  niuscarin  rapidly  causes  (mltnonary 
a?dema,  due  to  the  inerense  of  pressure  and  slowing  of  the  blood-stream  in  the  pulmoTiary 
capillaries.     It  is  net  awide  hy  atropin  ( jrHnzuiiii,  Gros,^munn).] 

120.  MODIFIED  EESPIEATOKY  MOVEMENTS.— (1)  Coufhing  coiiswts 
ill  a  sutlden  viident  expirati^rj  exidiisi^m  after  a  pi't'vious  deep  inspiratiou  imd 
dCMSUte  of  thr  gluttiH,  wlierehj  the  glottis  is  forced  ojien,  ami  tmy  suh^ilimee,  fluid, 
gaseous,  or  solid,  in  contact  with  the  respiratory  uuicous  meniliniuc  is  violentlj 
ejected  tlirough  the  op<"U  iiimitlu  It  is  |irodui'ed  volunttirily  or  reflexly ;  m  the 
latter  case,  it  can  be  controlled  l>y  the  will  only  to  a  limited  extent. 


[GttiUBea. — A  cough  juay  be  discharged  reflexly  from  a  large  number  of  surfaces  (fig.  165)  :  — 
(1)  A  draught  of  cold  air  striking  the  skiuj  espeeially  of  the  npj)or  [wrt  of  the  body.  This  may 
cause  congestion  of  blooil  in  the  air-passagea,  thi-*  in  turn  exciting  the  cough.  (2)  Mnris  fre- 
quently it  is  diaeharge<i  from  the  reapirator|'  mucoun membrane,  especially  of  the  larynx,  the 
sensory  biauches  of  the  va^ua  and  the  auperior  laryngeal  nerve  being  the  iillerent  nervea,  A 
cough  cannot  be  illsehargefJ  froiii  *jvery  part  of  the  larvnx  :  thus  there  is  none  from  tlie  true  vrxial 
cords,  but  only  from  the  glottis  re-^piratoria.  All  otfier  i*arts  of  the  hiiynx  are  inactive,  and  so 
is  the  trachefl  as  far  as  tlie  bifurcation,  where  stimulation  excites  a  loiigh  ( Kufds),  (3)  Sometimes 
an  otfendiug  body,  such  as  a  \>e&  or  ins|>issjited  rerunien  in  thi'  external  auditory  meatus,  gives 
riae  to  coughing,  the  a  tie  rent  nerve  being  the  aurieulav  brancli  of  th*^  vagus.  {4)  There  seem  % 
to  bo  no  doubt  that  tb*^re  may  be  m  *^  fja^rie  or  slomaeh  a*H{fli  "  produced  by  stimulation  of  the 

Sittric  branches  of  the  vaguSt  especially  in  cases  of  indigestion,  aeeompanied  by  initation  of  the 
rynx  aud  trachea,  (5)  Irritation  of  the  costal  pleura  and  evi-n  of  the  esophagus  iKa/Un), 
(6)  Irritation  of  some  parts  of  the  nose.  (7)  Sometimes  also  from  irritation  of  the  pharyiijc,  as  by 
au  elongated  uvula.  (8)  In  some  diseftae.*!  of  tlie  livetv  spleen,  iind  generative  organs,  wheu 
pressure  is  exerted  on  these  partsd 
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(2)  Hawking,  or  t'leariiig  the  throat.— An  exj>iratoi-y  curtLUt  lh  foiced  in  n.  cojitiimous  stream 
throuffh  the  uarioAv  s|»acL*  between  the  root  of  tlie  tongue  and  the  deptestsed  ^oft  jtalutf ,  in  order 
to  assist  ill  tht?  removal  of  foreign  bodieH.  WhMi  the  act  h  carritxi  tmt  ptfriodiiijilly,  tbe  eloaed 
glottis  is  audiieiily  Ibrced  open,  and  it  La  conjparnble  to  a  voluntary  gentle  cough.  Tkis  act  can 
only  be  prodncetj  Tolnnttirily. 

(3)  Sneeadng  consists  in  a  sudden  violent  expiratory  blast  through  the  nme,  for  the  n5movtil 
of  tuucu,H  or  foreign  bodies  (tbe  mouth  being  rarely  oiwn)  after  a  simple  or  repcatetl  spnstn-Ilke 
inspiration — the  glottis  remaining  o|»eu.  It  in  ui^ualfy  caused  rellejcly  by  stimulation  of  setUM>ry 
nervelibrea  of  the  nose  [nanal  branch  of  the  fd  th  nerve], 
or  by  «udden  ex^wisiire  t-o  a  hxight  light  [the  ftHVrent 
nerve  is  the  oplie].  Thin  reflex  act  umy  W  interfered 
with  to  a  certiiin  extent,  or  even  prevented,  by  Ntium- 
lation  of  sensory  nerves  ;  or  hrudy  coin[iressing  the 
nose  where  the  nasal  nerv^e  issues.  The  coiitiiiue<l  nnv 
of  sternutatories,  as  in  iwrsons  who  take  anulf,  dtdls 
the  sensory  iierve^s,  m  tltat  tbcy  no  longer  act  when 
atininlate<i  retlexly* 

[Stomutatoriea  or  Errhines^  audi  a^  itowdereti  jjje- 
eacuauha.,  Hiintf,  and  Liqilicjrbiujn,  nho  increase  tbe 
aecretion  from  tlie  nasal  glands.  The  atferout  impulses 
eant  to  the  resfiiratory  centre  also  affect  tbe  vaso-motor 
oetitre,  so  that,  even  wlien  sneeriug  does  not  oceirrj  the 
blood  pressure  tlirongbnut  the  body  is  rai.sed.  ] 

(-1)  Bnoring  occurs  durbig  resijiratiou  through  the 
open  mouth,  wheieby  the  insniratoiy  and  expiratory 
iitn^am  of  uir  throws  the  nvulu  and  soft  palate  into 
vibration.  It  iw  involuntary,  and  nr^uidly  occurs  during 
slee[«,  hut  it  may  Ih'  productdi  voluutarity. 

(5)  (Hrgling  coiisLnt^  in  thf  slow  [ia.HMage  of  tbe 
expiratory  air-current  in  tbe  form  of  bobbleK  throiinrh 
a  lluid  lying  between  tho  toiigtie  and  the  soft  palate, 
when  the  Itead  is  held  backwards.  It  is  a  voluntary 
act 

(6)  Crying,  cain^ed  by  emotioual  conditions,  con^isits 
in  whort,  deep  inspimtiona,  long  expirations  with  the 
glottis  narrowed,  relaxed  facial  and  jaw  muscles,  secre- 
tion of  tears,  often  condnned  Avitli  plaintive  inarticu- 
late expressions.  A\'hen  crying  is  long  eontiiiue<I, 
sudden  and  8[wisniofiic  involuntary  contractions  of  the 
diaj>hragm  occur,  which  cause  the  inspiratory  Honnds 
in  til e  pharjiix  and  larynx  known  as  sobbing.  This  is 
an  involuntary  auL 

(7)  Sighing  is  a  prolonged  iospiration,  usually  com- 
biutnl  with  a  plaintive  sound,  often  caused  involuu- 
tarily,  owing  to  painful  or  uni>leasaut  recollections. 

(8)  Iiftugbing  in  duo  to  short  i'ai>id  expiratory 
bltsta  tbrongb  the  rima  gtottidis,  wbicb  cause  a 
clear  tone,  and  there  are  cbaracteristk  inarticulate  sounds  tn  the  larynx,  with  vibrations 
of  the  aoft  }»date.  The  nioutb  is  nsinilly  open,  an<l  the  couiitenance  bas  a  eharacteristic 
expresaion,  owing  to  the  action  of  the  M.  zygoniaticna  major.  It  ia  ii^nally  involuntary,  ond 
can  only  be  suppressed,  to  a  certain  degree,  by  the  will  (by  forcibly  closing  the  mouth  and 
Btopi>ing  re^[nnilion). 

{9)  Yawning  ia  a  prolonged  deep  inspiration  occurring  after  succeasiVG  attempts  at  uamerous 
in»piratio£is — the  month,  fautea,  and  glottis  being  wide  open  j  expiration  aborter — both  acts 
often  ncconiirtinied  by  prolonged  characteristic  aouudK.  It  is  quito  involuntary,  and  is  usually 
excited  bv  drowaineiw  or  ennui. 

[(10)  Hiooough  ia  due  to  a  spasmodic  involuntary  contraction  of  tbe  diajdiragm,  ean^iug  an 
inspiratiuu,  which  is  arrested  by  tbe  sudden  closure  of  the  glottis,  so  that  a  characteristic  sound 
ia  emitted.  Kot  nufre<iueutly  it  is  due  to  irritation  of  the  gastric  mucons  menibiane,  and  some- 
times it  ia  a  very  troubte^Mome  sym[ptom  in  uruemie  poisoning,] 

121.  CHEMlSfRY  OF  RESPIRATION -CARBON  DIOXIDE,  OXYGEN,  and  WATERY 
VAPOITE  GIVEN  OFF. -I,  Ifetimation  of  COs.  — 1.  The  volume  of  CO.,  is  estimated  by  means 
of  the  antbracometor  (fig.  166,  il).  The  volume  of  gas  is  colleirted  in  *a  graduated  tube,  r  r, 
provided  with  a  bnlb  at  one  end  (previously  lilled  with  water  and  carefully  calibrated,  ?.f.,  the 
eiatt  amount  which  each  part  of  tbe  tube  contains  is  accurately  meusured),  and  the  tube  is 
closed.     The  lower  end  has  a  Htoi>-cock,  A,  and  to  this  is  BcrewerJ  a  flask,  n,  completely  tilled 


Fig  165. 

Scheme  of  tbe  atferent  iierves  tbronjijh 
which  cougbing  may  be  excited 
reflexlv.  The  efferent  nerves  are 
dottetl' 
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with  A  soliitiou  of  cnufitic  potasb  \  the  ^top-cock  ib  then  opened,  the  iiotaah  soltition  is  illowed 
to  Ascend  into  the  tubct  which  i»  moved  aWut  until  uH  the  CO3  nnit^is  with  the  potash  to  form 
potasHtnni  carbonate.  Hold  the  tube  vertically  and  allow  the  i>ota»h  to  run  back  into  the  flask, 
close  the  atop-cock^  and  remove  the  bottle  with  the  potash.  Place  the  stop-cock  tinder  water, 
open  it,  and  allow  tlie  water  to  ascend  in  the  tube^  when  the  space  in  the  tnbe  occupied  by  the 
fluid  indicates  the  volome  of  COj  wbich  is  combined  with  the  potash. 

2.  By  Weight. — A  lar^^e  cpantitv  of  the  mixture  of  gaaea  which  has  to  be  investigated  is 
nmde  to  p^iss  tbron^b  a  Liebi^'^  bulb  tilkd  with  caustic  potash*  The  potash  apparatus  bavioff 
been  carefully  weighed  beforehand,  th*i  increase  of  weight  indicates  the  amoUDt  of  CX)^  which 
has  been  taken  up  by  the  potash  from  the  air  pasiied  through  it. 

3.  By  Titmtiom.— A  large  volume  of  the  air  to  be  investigated  Is  conducted  through  a  knowa 
volume  of  a  solution  of  barium  hydrate.  The  COg  nnitea  with  the  barium  and  fornib  barium 
carbonate.  The  fluid  h  neutralised  with  a  standard  solution  of  oxalic  acid,  and  the  more 
barium  that  baa  united  with  the  CO^  the  smaller  will  Ite  the  amount  of  oxalic  acid  used,  and 
vice  vcrsd, 

II.  Eetlmatioii  of  Oxygen, — According  to  voliim#^(a)  By  the  union  of  the  O  with  potasstam 
pyrogiillate.     The  same  procedure  is  adopted  aa  for  tlie  eBtlmation  of  00^,  only  the  tlantk,  it^ 

LH  tilleti  with  the  pVTO- 

0 -•       ■      ■• 


* 


ei 


y 


1^^  cxj 


gaflate  solution  in- 
fttead  of  |»otasb,  (h) 
]\y  explosion  in  an 
eudiometer  {Blood 
gaaes^  §  35). 

III.  Eitun&tion  ot 
Watery  Vapour.—Thw 
air  to  iKi  inveiitigated 
is  |)asi^ed  through  a 
bulb  containing  co?i- 
irntraUd  rulphuric 
flt'irf,  or  through  a  tobe 
filled  with  pieces  of 
calcium  diloride.  The 
amount  of  water  ia 
directly  indicated  by 
the  increase  of  weight. 

122.  METHODS  OF 
INVESTIGATION.  — 
CoUeeting  the  Ex- 
pired Air,— (1)  The 
air  expired  may  be 
collected  in  the  cylin* 
d<r  of  the  Bpirointter, 
which  is  suspended  in 
concentrated  salt  solu- 
tion to  avoid  the  ab- 
sorption of  CO^  (§108). 
Andral  and'Oavar- 
ret*fl  Apparatus.  — 
The  operator  breathed 

several  time.H  into  a  capacious  cylinder  (fig.  166).  A  monthpiece  (M)  was  placed  air-tight 
over  the  mouth  while  tne  n[>»tril8  were  closed.  The  direction  of  the  respiratoiy  current  waa 
regulate*!  by  two  **  Miiller's  Valves  '*  (merturial),  (a  and  i).  With  every  inspiration  the  bottle 
or  valve  a  (filled  below  with  Hg,  and  hermetically  closed  above)  pennita  the  air  inspired  to  past 
to  the  lungs — during  every  expiration  the  expired  air  can  puss  only  thi-ongh  b  to  the  collecting- 
cylinder  C. 

(2)  If  tljo  gases  given  oIT  by  the  akin  aiQ  to  be  collected,  a  limb,  or  whatever  i>art  is  to  be 
investigated,  is  secured  in  a  closed  ve.*isel,  nod  tlie  gases  so  obtained  are  analvsL-d. 

II.  The  most  imporUitit  Jij>pamtus  for  thi«  purpose  are  those  of^a)  Scharling,  wbich  consists 
of  a  closed  box.  A,  of  j-iilfuit  iit  »ixe  to  contain  a  man  (fig.  167).  It  is  provided  with  an 
inlet  s  and  outlet  h.  TIim  lath  i  is  conncctc-d  with  an  a^tpirator,  C,  a  large  barrel  filled  with 
water.  When  the  stop-cock,  A,  is  ojiened  and  the  \\ater  flows  out  of  the  barrel,  fresh  air  will 
rush  in  coutinuotisly  into  the  box,  A,  and  the  air  mixed  with  the  expired  gases  will  be  drawn 
towards  C  A  Llebig's  bulb,  d,  tilled  with  causitic  potash,  in  connected  with  the  entnuice  tube» 
z^  through  which  the  ingoing  air  must  paas,  whereby  it  is  completely  deprived  of  CO3,  so  that 
the  jierson  experimented  on  is  supjdied  with  air  free  from  CUi.  The  air  pns.sin|?  out  by  the 
exit  tnbe,  *,  has  to  t«ias  first  through 


Fig.  166. 

L  ApptntjU  of  Andral  and  Gavurret  for  collecting  the  rx|>ired  air.  C, 
large  cylinder  to  collect  the  air  expired  ;  P,  weight  to  balance  cylin- 
der; «,  6,  two  Miiller's  valves  j  M,  mouthpiece.  11.  Aothracotnetcr 
of  Vicrordt. 


ely  do 

The  air  psssjuff  01 
where  it  givci^  up  its  watery  vapour  to  sulphuric  acid, 
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whereby  the  amount  of  watery  vapour  is  estimated  by  the  increase  of  the  weight  of  the 
apparatus,  e.  Afterwards  the  air  passes  throu^^h  a  bulb,  /,  containing  caustic  potash,  which 
absorbs  all  the  CO2,  while  the  tube,  g,  filled  with  sulphuric  acid,  absorbs  any  watery  vapour 


Fig.  167. 

Scharling's  apparatus,  d,  bulb  containing  caustic  potash  to  absorb  CO.  from  ingoing  air  ;  A, 
box  for  animal  experimented  on  ;  e  and  g^  tubes  containing  sulphuric  acid  to  absorb 
watery  vapour  ;  /,  potash  bulb  to  absorb  CO2  given  off ;  C,  vessel  filled  with  water  to 
aspirate  air  ;  k,  stop-cock. 

that  mav  come  from  /.    The  increase  in  weight  of  /  and  g  indicates  the  amount  of  CO,.    The 
total  volume  of  air  used  is  known  from  the  capacity  of  C.  .^  r.m 

(b)  Begnanlt  and  Beiaet's  AppctratoB  is  more  complicated,  and  is  used  when  it  is  necessary 
to  keep  animals  for  some  time  under  observation  in  a  bell-jar.  It  consists  of  a  globe,  R,  in 
which  is  |)laced  the  doff  to  be  experimented  on  (fig.  168).  Around  this  is  placed  a  cylinder, 
g,  g  (provided  with  a  tnermometer,  0>  which  may  be  used  for  calorimetric  experiments.     A 


Fig.  168. 

Scheme  of  the  respiration  apparatus  of  Regnault  and  Reiset  R,  globe  for  animal  ;  g,  g^  outer 
casing  for  R,  provided  with  a  thermometer,  t ;  d  and  <;,  exit  tubes  to  movable  potash  bulbs 
KOH  and  Kdh ;  O,  ingoing  oxygen  ;  CO,,  vessel  to  absorb  any  carbonic  acid  ;  CaC1„ 
apparatus  for  estimating  the  amount  of  O  supplied  ;  /,  manometer. 

tube,  c,  leads  into  the  globe,  R  ;  through  this  tube  passes  a  known  quantity  of  pure  oxvgen 
(fig.  168,  0).  To  absorb  anv  trace  of  CO,,  a  vessel  contoining  potash  (fig.  168,  CO,)  is  placed 
in  the  course  of  the  tube.  The  vessel  for  measuring  the  O  is  emptied  towards  R,  thfough  a 
solution  of  calcium  chloride  from  a  large  pan  (CaCl,)  provided  with  large  flasks.     Two  tubes, 
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d  and  ty  lead  from  R,  and  are  uniUid  by  caovitchouc  tnbea  with  the  potash  bulbs  (KOH»  KaA), 
which  can  be  raised  or  depresaed  nlternately  by  raeana  of  the  beam,  W.  In  this  wny  they 
aspirate  alternately  the  nir  from  R^  aod  the  ciiyatic  potash  absorbs  the  COj-  The  increase  in 
weight  of  these  flasks  after  the  experiment  indicates  the  amount  of  CO^  exf^ireih  The  mano- 
iMcter,  /p  shows  whether  there  ia  a  dilFereuee  of  thi*  prtjaaure  outside  and  inside  the  fjloh*-,  R. 

(f)  V.  Pettenkofer'B  m  the  moHt  completo  apparatus  (fig.  169).  It  consists  of  a  chamber,  Z, 
with  jnetallic"  walls,  and  provided  with  a  door  and  a  window.  At  a  is  an  opening  for  the 
rt<lnii?isioii  of  air,  while  a  large  double  suction-pump,  PPj,  toutinually  reo^-Wi*  the  air  m  ithiu  the 
i^'hambi^r.  The  air  pasii^^s  into  a  veiwol,  fi,  fille<i  with  puiiiiLX-stonf'  saturated  with  sulphuric 
acid,  ill  vvhieh  it  is  drie<i  \.  it  then  jwLsses  thrnngh  a  large  gaa-meter,  *\  which  measures  the 
total  amount  of  the  air  passing  through  it.  After  the  air  is  measured^  it  is  emptied  outwards 
l>y  means  of  tht^  pump,  PfV  From  the  eluef  exit  tube,  .r,  of  the  chaiiihi'r  provided  with  a 
.Hiuall  Tiianonu'ter,  g,  a  narrow  laterally  placed  tube,  «,  jiasses  and  conduets  ii  small  secondary 


Respiration  appAimtus  of  v. 

tube  ^tn  Tiiftnoineter, 


Pettenkoler,     Z,  chamber  I  or  person    p\j>eriinented  on  j  J,  exit 
q  \   b,  vessel  with  sulphuric  acid  ;  C,  gas-meter ;   PP,,   pump ; 

w,  secondary  current,  with,  1%  bullj ;  MM^,  suction  apparatus  ;  u,  gas-meter ;  N,  atreiam 

for  investigating  oir  before  it  enters  Z. 

stream,  which  in  chemically  investigatetl.  Tlu^  cnrrent  passes  through  tlie  Buctiou  •ftpparatui, 
MMi  (constructed  on  the  ]|iriiiei]>le  of  Jliiller'w  mercurial  valve,  and  ilriveu  by  a  steam-engine)* 
Before  reaching  this  apj«irnt\is,  the  air  pasM^^s  through  the  bulb,  K»  fdled  with  sulphuric  acid, 
whose  inerertw  in  weiglrt  indicates  the  amount  of  watrnj  rapmir.  After  passing  through  MMj, 
it  goi^s  through  the  tube,  R,  tille^l  with  hnnf/a  sohdrnt^  which  takes  uji  VO^.  The  quantity  of 
air  which  passes  through  the  accessory  iiirieiit,  t(,  is  mea«iired  by  the  swr/// gas-meter,  »/,  from 
which  it  J  Misses  outwards.  The  second  ace^.itmry  atiram^  N,  enables  us  to  investigate  the  air 
before  it  enters  the  chamber,  and  it  is  arranged  in  exactly  the  same  way  as  n.  The  infreast*  of 
COa  aud  H^O  in  the  accessory  stream^  n  (**«.,  more  than  in  N),  indicates  the  amount  of  CO^i 
given  off  hj  the  fierson  in  the  chamber,  Z, 
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Bv  Volume. 
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79-02 
005-0^034 


Sec.  123J 


COMTOSITION   OP   ATMOSPHERIC   AIR. 


215 


2.  AqueouB  vapour  i.s  niwuvn  pre^stMit  iii  tlie  air,  but  it  varies  gi-eiitly  in  aiiioiuitj 
ami  g*-UieTrtIly  increaAi^s  witlr  tlie  increase  of  the  teiupprfitiire  of  the  aii%  We 
(listinnfiiish  (a)  the  almohite  moisture^  i.e.,  the  fjtifintity  of  watery  vapour  wliich  a 
vohmie  of  air  eoiitiuiijs  in  the  fortii  of  vaiwur ;  m\d  (h)  the  relatire  moisture,  f,e,, 
the  iiTiiouiit  of  wat^TV  vajHiiir  wh it'll  a  \'i>luine  of  air  ront^iins  with  re?^peet  to  ita 
tenijjLTature. 

Exi>eripuL'e  shows  that  peopk^  generally  can  breathe  most  <iomfoj  tahly  in  ao  atnioarihere  which 
h  not  rompletfly  Hatiimt<»d  with  iiqiiL*ou«  vafiour  atH-ordin^  to  \U  tem\^'ra.tunu  mt  is  only 
sfltiiratefl  to  the  Vstfiit  of  70  |>rr  rent.  If  the  air  Iw  too  dry,  it  irritates  the  ret^piraton^  mucoua 
mt-rnhniiie  ;  if  too  nioi.st,  there  is  q  disagieeable  sensntioti ;  and  if  it  be  too  wann,  0  ftielSiig  of 
tjloiW!n*^s.  H^Ttre,  it  is  inn»ortaiit  to  see  that  the  proper  ftniovint  of  wat«iy 
vaiwnir  in  pre,s<?nt  in  the  ah'  of  onr  sittiBg-roonis,  bedroonis^ond  host>ital  warda.  A 

The   absolute  amount  of  Tiioistnre  varie.s:— In  towns  dnriog  the  day  it  i\ 

itivrviLst^a  with  iuireaHe  of  tempemture,  and  diTiiiiii«hes  whi^u  thi^  tenqwiti-  /  1 

ture  falls  ;   it  also  varies  with  the  direction  of  the  wiud»  seaiion  of  the  ypar,  J    ^ 

and  the  height  fihove  sta-level. 

The  relative  amount  of  moisture  h  greJiti^st  at  sunrise,  U&st  at  midday ; 
small  on  high  nionn tains  ;  ^i^eatur  m  winter  than  in  snmnior;  larger  with 
a  south  or  a  wf"*t  wiitd  than  with  a  north  i»r  an  east  wind* 

The  air  in  niirisiinnfier  eontjiins  ahsokitely  tbiee  times  as  nmch  wat4*ry 
vapour  Its  in  mid- winter,  nevertlteless  the  air  in  mniiintr  is  rf^lativthj  drier 
than  the  air  in  winter. 

*i  The  air  eKpaiidi  by  heat.  Rudherg  found  that  1000 
voiunif'S  of  air,  iit  0%  eximuded  U\  1365  when  heated  to  100"  C* 

4,  The  density  uf  the  air  tlirninii^hes  with  imreitst*  of  tlie 
height  above  the  .sea-level. 

124,  COMPOSITION  OF  EXPIEED  AIE.— 1.  The  exi»iied 
air  eontains  more  CO., —  in  nr>nnul  itspiration  =  4*S8  vols,  per 
cent,  (3 '3  to  5*5  jHi-r  tent.),  st>  that  it  contains  nearly  100  time.s 
more  CO2  tliau  tlie  atmospheric  air. 

2.  It  eontiiins  lees  0  (4*782  v«ds,  per  cent,  less)  than  tlie  atmo- 
spherie  air,  L**.^  it  etjutains  only  16*033  vols,  jht  eent,  of  (h 

3.  Respiratory  ftuotient.— Henc>e,  during  respiration,  more  O 
is  tak*'n  into  the  hudy  from  the  air  than  CU^  is  given  oil';  so  that 
the  volume  of  the  expired  air  \^  (^  to  ^j^)  smaller  than  the  volume 
of  the  air  inspired,  btjth  l>etng  calenlated  as  dry,  at  tlie  !*amc 
teinjierature^  antl  at  the  same  liarometrie  pressure.  The  relation 
nf  tho  O  ahsorbed  to  tlie  O  *.  giv'-n  -dr  is  4-38  :  4-782.  This  is 
expresi^'d  by  tlte  *  *  reapiratory  quotieEl " — 

CO  J     4%38  V 

4.  An  excessively  aniall  quantity  of  N  is  ailded  to  the  exi>ireil 
air  (lictjnmdt  ami  Heud),     Segeii  fi>nnd  that  all  the  N  titken  in 
with  tlie  food  did  not  rea[tpear  in  the  excreta  {urine  ami  fa?ees),  and  he  assumed 
that  a  sniall  part  of  it  Wiis  ^iven  off  by  the  lungs, 

o.  During  itrditiary  respiration  the  expired  air  is  saturated  with  watery 
vapour.  It  is  evident,  there ftire,  that  when  the  watery  vapour  in  the  air  varits^ 
the  lungH  give  off  dillerent  cpian titles  of  water  from  the  body.  The  perecntiige  of 
watery  vapour  falls  during  mpid  r*\spi ration  (Mvleschoti). 

6.  The  expired  air  is  warmer  (36' -3  C).  It  Lm  very  near  the  temi>erature  of 
the  Ixidy,  an*l  although  the  tem[>eraturo  of  the  surroumling  atmosphere  f»e  very 
variable,,  the  temperature  i»f  the  expired  air  stiU  remain*  nearly  the  same. 

Fig.  170  shows  the  instnmn^iit  ased  by  Vak-ntin  and  Brunner  to  detemiine  the  lemjierature 
of  the  expireil  air.     It  consists  of  a  g}ans  tuh+?,  A,  A,  with  a  mouthpiece^  R,  and  m  it  is  a  fine 
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thermometer,  C.     The  operator  breathes  through  the  noee  and  expires  slowly  through  the 
mouthpiece  into  the  tube. 

Temperature  of  Tempentare  of  the 

the  Air.  Expired  Air. 

-6-3'*  C, +29-8'C. 

+  17-19**  C, +38-2-87°C. 

+  44''C., +38-6'C. 

7.  The  diminution  of  the  volmne  of  the  expired  air  mentioned  under  (3)  is  far 
more  than  compensated  by  the  warming  which  the  inspired  air  undergoes  in  the 
respiratory  passi^ges,  so  that  the  volume  of  the  expired  air  is  one-ninth  greater 
than  the  air  inspired. 

8.  A  very  small  quantity  of  ammonia  is  found  in  the  expired  air  =0*0204 
grams  in  24  hours  ;  it  is  probably  derived  from  the  bloofl. 

9.  Small  quantities  of  H  and  CH^  arc  expired,  both  being  absorbed  from  the  in- 
testine.    In  herbivora,  Reiset  found  that  30  litres  of  CH^  were  expired  in  24  hours. 

[The  toxicity  of  the  exhalations  from  the  lungs  of  animals  described  by  Brown-S^uard  has 
not  been  confirmed  by  other  observers.] 

126.  DAILT  QUANTITT  OF  OASES  EXCHAHOED.— As  under  normal 
circumstances  more  O  is  absorbed  than  there  is  COg  given  off  (equal  volumes  of  O 
and  CO2  contain  equal  quantities  of  O),  a  part  of  the  O  must  be  used  for  other 
oxidation-processes  in  the  body.  According  to  the  extent  of  these  latter  processes, 
the  ratio  of  the  O  taken  in  to  the  CO^  given  out — i.e.,  the  respiratory  quotient — 


/^2  ^  0-916  normaUy\ 


must  vary. 


The  amount  of  COg  given  oflf  may  be  less  than  the  "  mean  "  al)ove  stated.  The 
quantity  of  COg  alone  is  not  a  reliable  indication  of  the  entire  exchange  of  gases 
during  respiration ;  we  must  estimate  simultaneously  the  amoimt  of  O  absorbed 
and  the  COg  given  off. 


Income  in  24  houn. 
Oxygen— 

744  grms.  =516500  c.cmtr. 

[Average,  700  grms.] 


{Vierordt), 


(At  0°  C.  and  mean  barometric  i)re8sure). 


Ezpenditoxe  in  24  honzB. 
Carbonic  Add— 
900  grms.  -  455500  c.  cmtr.  ( Vierordt), 

86  grms.  per  hour        (Scharling). 

32*8  to  33*4  grms.  ,,  {LiebermeisUr), 
84  grms.  .  .  ,1  .  (Panum). 
31*5  to  38  grms.  .        „        .  {ItanJx). 

[Average,  850  grms.  8  ozs.  of  carbon.] 
Water— 640  grms.  ,,  {Valcniin). 

330    „  „         .       (VUronU), 


[Comparative. — The  following  table  from  Munk  sliows  how  the  O  inspired  and 
the  COg  expired  varies  in  different  animals : — 


Specien  of  AnlinalM.         i  Body-weiglit  in  Kilograms. 

0  Inspired  in  Grams. 

COj  Expired  in  Grams. 

Ox,     . 

600- 

7950- 

10900* 

Horse, 

460- 

6100* 

9560* 

Man, 

75*                  1 

750- 

900- 

Sheep, 

.        .                   70-                 1 

820- 

1140* 

Dog,  . 

15* 

425- 

440* 

Cat,   . 

2-5 

60- 

64- 

Rabbit, 

2* 

45- 

67* 

Fowl, 

1- 

31- 

39- 

Frog, 

0.03 

0*067 

0*05] 

[Nitrogen.  The  expired  air  contains  a  little  more  X  than  the  air  inspired,  but 
the  total  is  only  about  7  grams  daily,  although  herbivora  eliminate  more  than 
camivora.] 
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[Aqueous  Vapour  is  deriveil  partly  froDi  the  water  (vapour)  eoutiiined  in  tho 
inspired  air,  and  paTtly  inmi  the  water  of  the  blood  circnlating  in  the  wall?  of  the 
re!^piratt>ry  | lassa^es, ] 

126.   CONDITIONS  INriUENCINO  THE  GASEOUS  EXCHANGES. -Th. 

forniation  of  CO.^^  in  all  |>n>bahility,  f-onsistft  of  twr»  dintinet  imiressfs.  First,  coni- 
pouinls  centainin^'  CiJ^i  which  are  tuifiafion  prod  wis  of  fsuhstances  containing 
carbon,  seem  to  be  furnied  in  tlie  tis^inis.  The  Kcciind  proeeKs  (consists  in  the  separa- 
tion of  this  Ci.K,  whic]i,  however,  takes  plaee  without  the  absorption  of  O.  Both 
proee«se,s  do  not  always  occur  simultaneously^  and  the  out-  process?  may  exceed  the 
otlu'r  in  extent     Tlie  formation  and  eliuiination  of  CU^  is  aftecterl  hy  : — 

1.  Age. —  Until  the  l>Di!y  m  fully  developed,  the  CO.,  given  olf  increases^  lait  it 
diminishes  as  the  iMwlily  ciu*rgics  decay.  Hence,  in  yi>ung  persons  the  O  absorlied 
IK  relatively  greater  thaji  the  CO^  given  off ;  at  father  periods  both  values  are 
pretty  com^tfint     Example  : — 


Age-Vetrt. 

III «  Houn.. 

CX)t  arem.  Eataf©ted,=CArtHMi. 

0  Abiorbed  In  Oramiu 

8 

443  grams.  -  121  Carbon. 

375  grsniB. 

15 

766       „       -  209      ,, 

652     „ 

U 

950       .,        ^  259      „ 

809     ,. 

18-20 

1003       ,,        =  274      ,. 

854     M 

20-21 

1074       „        =  293      .. 

BH     „ 

40-60 

S89       „       -=  242      „ 

767     .. 

d0>80 

810      „       -  221      „ 

689    „ 

The  absolute  amount  i>f  CO.,  given  off  is  leas  in  chililre.n  than  in  adults ;  but  if 
the  CO,j  given  oil'  Ijc  calculated  with  reference  to  bmly-weight^  then,  wrngbt  for 
weight,  a  ehilil  gives  nW  twice  as  much  Ct  *^  as  nn  adult. 

2.  Sex* — Males,  fn^ni  the  eighth  year  onward  to  old  uge^  give  oH'  alxiut  onc-tbird 
more  C(  >vj  than  fnuah-s.  This  diiferenee  is  more  marked  at  ptiberty^  when  tbt' 
difference  may  rise  to  ouedialf.  After  cessation  of  the  Jiiens(\s,  tliere  is  an  increase, 
and  in  old  ni^e  the  amount  of  Ci)^  giv(*n  oil'  diminishes.  Pregnancy  inereiises  the 
amount,  owiirg  to  causes  which  are  easily  inidei'stfHxl  (Andral  (tftd  Oararret), 

3.  Coustitutioii, — In  gcueral,  nniscnlar  enfrgeti<-  i>erson8  use  niore  Oand  exeivt<* 
more  CiK^  tlian  less  active  ] Persona  of  the  same  weight. 

4.  Altimation  of  Day  and  Night — The  COg  given  off  is  diminished  alxait 
one-fourth  during  slee|),  due  to  the  constant  heat  of  the  sniToundings  (Iwd),  darkness^ 
absence  of  muscular  activity,  and  the  non-taking  of  fowl  (&ee  5,  6,  7,  9).  O  is  not 
stored  ui»  during  alee[)  (*S*.  Lfirin),  lifter  awaking  in  the  morning,  the  respimtions 
are  deeper  Euid  more  nqa^l,  wliili'  the  anuunit  of  CO^  given  otf  is  increaseil.  It 
decrcin^es  during  t!ie  forenoiin,  until  dinner  at  mid-ilay  causes  another  increase. 
It  fails  during  the  afti'moon,  and  incn^ases  again  after  sii[»per. 

Dnring  bylramation,  wlieii  no  food  h  taken,  antl  when  the  respimtions  cease^  or  are  greatly 
diminifllied,  the  reiipiratory  excliange  of  gMea  iw  carried  out  by  fiiffaHion  mid  the  cftrdio-jaicumiitic 
movements  {§  59).  The  COj  giveii  off  faHs  to  7V1  tli*'  ^  taken  in  to  ,Vj  of  what  they  are  in  the 
waking  condition.  Mitch  less  CO^  is  givcD  olf  than  0  taken  in,  so  that  the  body-we%ht  may 
increasi*  through  the  extess  of  0. 

5.  Temperature  of  the  SurrouudiBgfi. — Cold-blooded  animals  liecouie  warm^T 
when  the  tenipcniture  *>f  their  enviroument  is  mised,  and  tie  y  give  off  more  CO^ 
in  this  conditinu  than  when  they  are  cooler;  e./;.,  a  frtjg  with  the  temiKTature  of 
the  surrcMnidings  at  IW  C.  excreted  three  times  as  much  CU^as  when  tin*  tenijjera- 
turc*  was  6°  C.     Warm-blooded  animals  behave  quite  differently  when  the  t<;uiii>erjv 
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tm-e  *if  the  surroimding  medium  is  chanf;<'<L  WIk-ii  tlie  tpniperature  of  the  animal 
ia  lowered  thert4>y,  there  h  a  euiisideralile  decre.^se  in  the  ainonot  of  COj  given  off, 
tm  in  f'oldl>IotKle»i  iiniinalH,  Imt  if  tlie  tempemture  of  the  animal  be  increased  (and 
also  ill  fever),  the  CO^  is  increa^sed  (C.  Lmhrng  and  iSandem-Ezn),  Exactly  the 
reverse  oht^xins  when  the  temperature  of  the  surroundings  varies,  iind  tlie  bo<lily 
tenipemtnre  remains  eonsUnt*  As  the  eold  of  tlie  surr^iundiiig  medium  increiv^^s, 
the  proce.sses  of  oxidation  within  the  Inxly  are  inereawL^d  through  some  aj*  yet  un- 
known reiiex  m(H*hanism  ;  the  eninlx  r  and  depth  of  the  rc^sjiirationa  increase, 
whereliy  more  O  is  tsikt^n  in  and  more  CO,^  is  given  out*  A  man  in  January  uses 
32'2  grams  O  per  Jiour  ;  in  July  oidy  31*7  grams.  In  aJiimals,  with  the  t<^mpem- 
ture  of  the  surr«auidings  at  8*"  CL^  the  CO^  given  off  was  one-thirtl  greater  than  with 
a  ti'miHTjiture  of  38**  C\  Wlir^n  the  tempemture  of  tlie  aii'  ijicreases — the  hcnly 
tenipersiture  reniainiug  the  same — the  respirat<>ry  activity  and  the  CO.,  given  off 
diminish,  wliile  the  pulse  reinnins  nearly  eonstant  On  x>assi!}g  suddenly  from  a 
cold  to  a  waim  niedinm,  the  amirunt  of  CC*^  is  considerably  dimijiished  ;  and  con- 
versely, on  passing  from  a  warm  to  a  eold  medium^  the  iimount  is  considerably  in- 
erejised  (g  214). 

6,  Muscular  Exercise  c4iiLses  a  ciuisideral  Je  increase  in  the  Ct  *^  given  out,  'which 
may  he  threi^  times  greater  during  w^ulking  than  during  rest  {Ed.  Smith).  Liidwig 
in\i\  Sczelkow  esthnatinl  the  i )  tiikeu  in  ami  the  CO.,  given  otf  by  a  rabbit  during 
rest,  and  wdien  the  moscles  of  tlu^  bind  limlis  were  tetanised.  Ihn-ing  t^'tAUUs  the 
tJ  and  COj  were  increased  considemhly,  but  in  tptauised  aninuils  more  tj  was  given 
off  in  the  CO^  ex|vired  than  was  tiiken  up  simultaneously  during  respimtiou.  The 
]>iissive  animid  abnorlied  nearly  twice  as  much  O  as  the  amotmt  of  CO^  given  off 
(S  294). 

7,  Takings  of  food  causes  a  not  iiiconsidcnJde  increase  in  the  C(>.>  given  off, 
whieli  dejieuds  upon  the  rpiantity  t4iken  ;  tht'  incn-asi:'  j^'enerally  occui's  alM^iut  an 
bour  after  th(*  chief  meal — dinner.  The  increased  consiiiu}ttion  nf  Q  following  the 
talking  *»f  foud  into  the  stomach  depenils  r>u  the  inci'easLHl  work  of  the  intt^stinal 
trtiet  {Zmdz  and  F.  Menntj),  During  manition,  the  exchange  of  gaaes  diminishes 
considerably  until  death  occurs.  At  brst  the  CO.^  ^'iven  off  diminishes  more  quickly 
than  the  0  is  ttiken  ii]).  The  quality  i.»f  the  food  influences  the  CO^  given  off  to 
this  extent,  that  substauc(»s  rirh  in  earlion  ( c si rbohyil rates  and  fats)  cause  a  greater 
excretion  of  G('>2  th^'i^  su!ist4inces  which  enntain  less  C  (albunan.s).  Regnault  and 
Keisct  fi»und  tluit  a  di>g  gave  off  79  per  cent,  of  the  ij  inspired  afti'r  a  tb-sh  diet, 
and  91  per  cent,  after  a  iliet  of  st-arch.  If  ciisily  i>xiilisalile  substances  (glycerin  or 
lactate  vif  soda)  are  iujef  ted  int^^  the  blood,  the  0  taken  in,  an<l  the  COj  given  off, 
undergo  a  considerable  increase  {Lndifig  tuul  Srheremeijeimkfj),  Alcohols,  tea,  and 
i*tln*real  oils  dimiiush  the  VA)^  (Prouf^  Vierrmk).  [Eil  Smith  iliviJcd  foods,  with 
reference  to  the  excretion  of  C(J.>  into  two  classes.  The  respiratory  excitanU 
include  nitrogenous  fixnls,  rinu,  beer,  su^^tir,  stout,  tSrc;  the  nOE-exclters  starch, 
frtt^  ai^mc  alcoholic  uuxtures.  The  most  pow^erful  rcspinitory  rxcit^iuts,  however, 
are  tea,  sugitr,  ctiffee,  and  rum,  antl  tlie  maxiiunm  effect  is  usually  exiK-ritniced 
within  an  liour.  He  also  found  that  the  effects  produceJ  by  altruholic  drinks  varied 
with  the  nature  of  the  spirituous  h*pior.  Thus  lirandy,  whisky,  ami  gin  diminish 
the  amount ;  while  pure  sdci^Jiol,  rum,  ide,  and  pfirter  tend  to  increase  it.] 

A  healtlsy  aJult,  weigkui^  (*d  kiloa.^  rpspirea  wliiie  tasting  8  litres  of  air  i>er  kilo.  |>er  hoar  ; 
h(?  uses  0'4  gioai  0,  ami  forms  0*5  graia  CO,.  Taking  of  fwid  iacreasf-s  these  tarmtjera  to  & 
litres,  0'5  gram  0,  ftud  d'6  gram  CtJ^.  Tbe  consaniption  uf  0  is  iiieriease<l  about  12  per  cent 
and  the  cxei-etion  of  COj  about  27  |»cr  cent,  after  u  diet  of  earbohydrates ;  it  is  lesa  with  a 
fatty  diet,  aricj  le^st  afti-r  oae  of  ]troteids, 

8,  Till'  number  and  depth  of  the  respirations  have  praetieaUy  no  influence 
on  the  fi>rmatit>n  of  C*  ^2  '^^  ^^^^  oxidation-pnx.'esses  witliin  the  body,  these  being 
regulated  by  the  tissues  themselves,  by  some  meclianisni  ai«  yet  unknown  {Pftuger)^ 
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Tln-y  have  a  iiiarkeil  ctfect^  however,  upon  the  eliiuiimtion  of  the  aheady  formed 
C(>.>  from  the  hody.  ^IJi  intTease  in  the  nnmhfir  of  n'siiinitions  (their  depth 
remaining  the  hiuih'),  as  wtdl  m  an  iiierease  of  their  depth  (the  numher  Rniiaiiiing 
the  sjunejj  c<^im?s  an  ahsftinte  ijierwi^e  in  the  anioinit  of  CO^  ^ven  off,  wliicli,  with 
refereiiee  to  the  UtUil  anioiiiit  of  gases  exchanged,  is  t'ela(imi*j  diminished.  The 
following  example  from  Vieroixlt  illustrates  this  : — 


No.  of  Hciip*. 

Voltmie  of 

j^nMintit  of  _  per  cent. 

1    Dei^of 

AmottOl  af     per  nmt 

perMltiute. 

Air. 
6000 

CO,.       -     COt. 

Bm»^ 

CO,.       -    COa. 

12 

258c  cmtr.  -4-8  % 

500 

:>1  o.</iatr*  -4'S  % 

24 

12000 

420      ,.       -8  5„      1 

1000 

36       „        -3-6  „ 

48 

24000 

744       „        -3-1,, 

1600 

61       M        -3*4  „ 

96 

4»000 

1392      „        -2'9„ 

2000 

64       „       -3-2  ., 

i 

3OO0 

72      „       -li„ 

I 


9.  Exjiosun^  t<i  a  bright  light  eanses  an  itierease  in  the  CO.,  given  otf  in  frogs, 
in  nianiinals  and  hiixls,  even  in  frugs  dejjrived  of  their  lungH,  or  in  those  whose 
spinal  eord  ha^^  been  flivideil  high  up.  The  eo[isum])tion  of  t*  is  inerea^ed  at  the 
same  time.  The  .-^me  re*iulL^  oceur  in  blind  ])ei'son^<,  a1tln>ugli  t^^  a  less  degree, 
Kodenl^s  and  Inrds  show  the  niaximuni  in  red  light,  and  turtle.'*  in  violet  light. 
Aerording  t^j  I^ieh,  the  pup^  of  butterflies  exp«^sed  to  Hgljt  do  nut  j>r)3<luee  more 
CO^  than  iho^e  kept  in  darkiie^^s,  so  that  he  attributes  the  greiiter  auiount  of  CO^ 
excreted  to  great  muscular  exertion  produeed  l>y  the  light. 

10.  The  ex  fieri  aieiits  of  Grehaot,  oa  thigH,  seem  to  sbow  tliiit  iatciise  inflanuiiation  of  the 
lnoneliial  imit  oiis  nietnbrane  iuHuenccs  the  COg  given  off. 

11.  AmoDgijt  poiaonfl,  thebam  incrensea  the  CO*,  girea  off,  while  mfirplu'*,  i!odtiiiir,  aartein, 
uarcotiu,  i*afiavcriii,  diroiiiiKli  it  {Fulnni), 

127.  DIFFUSION  OF  0ASES  WITHIN  THE  LXINGS.^The  air  within  the  air- 
vesieles  contains  most  CD^  and  hast  f  >,  and  as  W(^  j>ass  frnm  the  small  to  the  large 
bronelii  and  onwards  to  the  traehea,  the  ei imposition  *if  the  air  graduaily  approiiehe« 
more  elosely  to  tliat  of  the  atmosphere.  Hence,  if  the  air  exjiiretl  l>e  rollceted  in 
two  pfirtions,  the  first  half  (i.e.,  the  air  from  tlie  larger  air-pa.ssi^ge.s)  contains  less 
CO^  (3 "7  vols.  i>or  cent.)  than  the  second  lialf  (5  4  vols,  per  cent.).  The  ditfiTcnee 
in  the  percentage  of  ganes  gives  rise  to  a  dltfusion  of  the  gases  within  the  air- 
imssages ;  the  CU^  nnist  ilifuse  from  the  air-vesicles  outwards,  and  the  O  from  the 
atim»s[)here  and  mistrils  inwards  (^  33).  This  movement  is  aided  by  the  enrUio- 
pneuvniitie  movement  (S  59).  In  hybernating  animals  and  in  persons  apparmtlj^ 
la  It  not  aetvially  dfwf^  the  exchange  of  gases  within  the  liuigs  can  only  occur  in  the 
above-mentioued  ways.  For  ordinary  purjMtses  tliis  nieclianisiu  is  insuHicient,  and 
tfiere  are  added  th<'  nsiiiratiiry  nnivi^ments  wliereby  atmosplieric  air  is  introduced 
into  tlie  larger  air-pas.sagHs,  from  which  and  into  w!iich  the  dilftision  cun*ent.s  of  t} 
auil  Ci>.,  pass,  on  ai:count  of  the  differeiire  of  tension  of  the  gases. 

128  EXCHANaE  OF  OASES  IN  THE  A  IE- VESICLES. —The  exchange 
of  gases  between  the  gases  tjf  the  blooil  and  those  in  the  air-vesieles  occurs  almost 
exclusively  througji  the  agi  uey  i^f  cliemicul  processes,  and  therefore  independently 
of  the  dillrision  of  gases. 

Method. — It  i*!  ira]«irtaiit  to  a.scertahi  the  tension  of  the  O  eiikI  CO^  iu  the  venous  hh>oil  of 
the  |iii!monftry  capillaries  Ptliij^er  and  Wolfberg  est i mated  tbi'  tension  by  "  c»thet«rifiing  the 
ItingB.  '  An  elflrstic  catheter  wilh  introdiiee*!  tliroagh  an  t>p<'niii>f  in  the  traehpa  nf  a  dug  into 
tho  broneJniR  Icatlin^  to  lh*j  lowt-st  lobe  of  the  left  Inng,  An  elastic  b&c  was  plftce«l  round  the 
catheter,  and  when  tlie  latter  was  iatroducefl  into  the  bronchus,  the  s&a  iiroinid  th**  catheter 
was  distended  so  as  to  phig  the  b  rone  has.  No  air  con  Id  escape  between  the  eutht'ter  ami  the 
wall  of  the  bronchus.     The  outer  end  of  the  catheter  was  closed  at  first,  and  the  dog  wai 
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ttlltj^vM  to  respire  r|\iittly.  Aftei'  four  luiiuites  thL'  air  iu  the  nir-vt'SiitVk'M  wna  completely  in 
e<|utltbrimii  witli  the  blood-gasea.  The  air  of  the  Umg  was  ftucked  out  of  the  ealhet«r  by  means 
oi  nil  air-pumji,.  smtl  aftet  warfla  analysed. 

Thu8  we  nmy  nmisure  inilirectly  tlie  t^^nssion  of  the  O  and  C0^»  in  tlir  VfiiDUi* 
blood  of  tiie  pidnionnry  capillaries.  Tlie  dired  estimation  of  the  ga.ses  in  different 
kinds  of  TjIcmhI  is  made  l>y  sliakiiig  up  the  liiood  with  another  gas.  The  gai^s  so 
removed  intlieate  liirectly  tlie  |>roportion  of  blotxl-gaseH. 

The  following  statement  show?i  the  tension  and  percentage  of  O  and  COj  iu 
tirtt^rial  and  venous  blotnl,  in  the  atuiosphere,  and  in  the  air  of  the  alveoli  : — 


I. 
O-Tf'tisioii    hi    nrtenal   bloo[i  =  29'fl  ainu   Hg 
(rarrespoadirig  to  a  mixture  coutaiiiiug  3'9 
voL  ppr  cent,  of  O). 

11. 
COj-Teuaion  in   arterial  blood  =  21  tmu, 
(correspoiiiiiiig  to  2 '8  voL  per  cent.). 

III. 

O-Tension    iu    venous    blood >•  22    mm, 
(cojregponding  to  2 "9  vol  i>er*  cent ). 

IV. 

CO^-Teusioti  in  venous  b!ooti=-4l   aim. 
(corrett ponding  to  6*4  vol  t>er  cent). 


Hg 


Hg 


Hg 


0-Ten«ion  hi  the  air  of  the  ftlveoh  of  the 
catheterisf'd  ln!ig-=  27*44  nim»  Hg  (cor- 
responding to  3 "6  vol.  per  cent). 

CO^-TeDsitiij  ill  the  air  of  the  alveoli  of  th<? 

ealheteiistMl  lunj^  — 27  ujm,  Hg  (corre^iioad- 

iiig  to  3'5C  vol.  TMjr  cifnt,)* 
VII. 
0-Tunsion  in  the  «tniosiphere— 168   jnm.   Hg 

(corre.siH>nding  to  2^1*8  vol.  \\er  ceaL)» 
VIIL 
COj-Teasioii  in  the    atmosphere -0*88   mm. 

Hg   (corrt'3i>oiiding  to  0 '03-0  05   vol.    per 

cent. ). 

When  we  compare  the  tension  of  the  O  in  the  air  (VII.  =  lf)8  mm.  Hg)  with 
tlie  tension  of  tlie  U  in  venoms  hlood  (IIL  =22  mm.  Hg»  or  V,  =  2744  mm.  Hg), 
we  might  1h*  iiielintid  ti>  a^^aume  that  the  puy8i\ge  of  tlie  O  from  the  air  i4  the  air- 
veBides  into  the  tdood  was  due  solely  to  diffusion  of  the  ga^^es  ;  and  .similarly,  we 
might  asatime  that  the  CO.,  of  the  venous  blood  (lY.  or  \l,)  tliffuse^l  into  the  air- 
veiiielfi*,  heeamne  the  tension  of  the  CO,,  in  the  air  is  much  lenn  (VIII.).  Thero 
are  a  iiimil>er  of  faet^,  liowevcr,  which  |mive  that  the  exchange  of  the  gases  in  the 
lun^  is  chiefly  due  to  chemical  forces. 

[Von  Flei«chl  finds  that  fluiiJB  yield  up  their  gases  very  my^li  more  easily  when  they  rec*ive  & 
fcbockp  aud  he  regards  the  shock  communicated  to  the  blood,  by  the  contraction  of  the  heart,  9m 
an  inij>ortant  factor  in  prepdting  the  blood  for  the  diffusion  of  CO^  from  the  blood-plftHiaa  into 
the  hingg.     No  fact.H  supfiort  this  theory  an  applied  to  the  bnnian  body.] 

[Chaag-es  produced  in  the  Blood  by  Eespiratlon. — The  blorxl  of  the  pulmonary 
artery  is  ehaiigtnl  fnun  venous  intn  arterial  lilooil  (^  fi9),  the  most  obvious  nlt^^ni- 
tions  being  (1)  the  eliange  in  coloiir  from  dark  erimnon  to  bright  scarlet.  (2)  It 
hi^ew  Ct>2.  (3)  It  gains  (h  (4)  The  reduced  Hli  of  the  venous  blixid  is  converted 
into  IlbtJ,^.  (5)  As  to  a  .suppo.sed  ditference  of  temperature,  see  S  -09,  3.  (6) 
Fawkiw  tinds  that  bloml  which  passes  several  times  through  the  lungs  loses  it« 
pow<*r  of  coagidatioii.  Are  we  to  asBume  that  the  pulmonary  tissues  have  the 
property  of  tlestroying  the  fibrin-ferment  1] 

L  Absorption  of  0. — Concerning  the  absorption  of  0  from  the  air  in  the 
alveoli  into  the  venous  blood  of  the  hiug-ca|>illaric^^,  whereby  the  blood  is  art^^rial- 
ised,  it.  is  proved  that  this  is  a  chemical  process.  The  gas-free  (reduced)  ha?mo- 
ghibiti  takes  uj*  0  to  form  oxyhamioglobin  (§  15,  1).  That  this  aKsorption  has 
tifpthing  to  do  directly  with  the  diffusion  of  gases,  Init  is  due  to  a  chemical  emn- 
hi  nation  of  the  atomic  eompomids,  is  shown  by  the  fact  that,  when  pure  it  is 
respireil,  the  blood  does  not  take  up  more  0  than  when  atmospheric  air  is  res|nred; 
further^  that  animals  made  to  bn^athe  in  a  limitt'il  closed  space  can  absorb  aljnast 
all  the  *) — even  to  traces — into  their  Itlooti  hefim*  suffocation  occurs.  (_*f  course, 
if  the  al>s(»ri>tion  of  0  were  due  to  diifusion,  in  the  former  case  more  0  would  be 
ali.^orbed,  while  in  the  latter  ease  the  absorption  of  O  could  not  possibly  occur  to 
such  an  extent  as  it  does*     The  law  of  diffusion  etmies  into  |day  in  connection  with 
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the  absorption  of  0  to  this  extent,  viz,,  tliat  the  O  dift'naes  from  thf^  iiir^cells  of  the 
lung  into  the  hlooil-plaaTiiti,  wliere  it  rt^atihes  the  hlood-corpuscles  floatiii^  in  the 
pksnia.  The  ha^nioglolnn  of  the  blouthcorpU8cle.H  forms  at  once  a  chemical  voin- 
pound  (oxyhaenioglolan)  with  the  0. 

EvLii  ill  very  rarefied  aij:,  sucli  as  is  met  witb  in  the  upper  regions  of  the  atmosphere  dutiiig 
a  balloon  ascent,  the  abnorption  of  O  still  remains  inJe|jciident  of  tho  ptirtial  prestiiirt-.  IJut  a 
TniiL-h  longer  lime  h  required  for  thin  procens  at  the  onliimry  temperature  of  the  hinly,  so  that 
in  rarefied  air  the  abiiorption  of  0  ia  greatly  delaye<:l,  but  it  is  not  dimiiiiaheil.  This  in  the 
cftuae  of  deuth  in  acrouauta  who  have  ascended  ao  high  tliat  the  atmospheric  pressure  is  diniin- 
iehed  to  one-third  {Sri^tiirmitir). 

2.  EHmmalion  of  CO^.^^ — With  reganl  to  the  excretion  of  CO^  from  the  hlood, 
Ave  nuu^t  remember  that  the  CO^  m  the  blood  exists  in  two  conditions.  Part  of 
the  CtJr,  formH  a  lixjse  or  feeble  ehemiea)  eompoimd^  wliile  another  portion  is  more 
lirmly  eombineii  The  former  is  ohtaLried  by  those  means  whicdi  remove  gase« 
from  diiids  I'ontaining  them  in  a  state  of  absorption,  so  that  iji  removing  the  COj 
from  the  \ihMnl  it  is  ditHciilt  to  determine  whether  the  CO^,  so  removed,  obeyed 
the  law  of  dilfiision,  or  if  it  was  expelled  hy  chemical  means. 

Although  it  is  c:f»iivt?nient  to  represent  the  excretion  of  CO,  from  the  blood  into 
tlie  air-vesicles  of  the  Inng  as  due  to  eqnilibnition  of  t\w  tension  of  the  C*0.,  on 
ol>posite  sides  of  the  alveolar  membrjine,  ?.t\,  to  diffusion — neverthele-ss,  chemical 
processes  phiy  mi  iniiiort-ant  jwirt  in  this  act*  The  ahsort>ti<iii  of  O  hy  the  coloured 
corpuscles  nets,  nt  tlie  siiuie  time,  m  ext»elling  CU^.  Tlus  is  proved  by  the  fact 
that  the  expulsitin  of  C*.).,  from  the  Idood  fetikes  phice  nnire  readily  when  0  is 
simultaneously  admitted.  The  free  supply  of  O  not  only  favom^  the  removal  of 
the  COg,  wliich  is  loosely  combined,  Imt  it  also  favours  the  expulsion  of  that 
portion  of  the  CO.,  which  is  more  firmly  comhinedj  and  which  can  only  l>e  expelled 
by  tlie  aiidition  of  acids  to  the  blood.  That  the  oxy^'ensited  blood-corpuscles  (i^e., 
their  oxyha^nioglobhi)  are  concerned  in  the  removal  of  CO,^  is  proved  by  the  fact 
thut  CUy  is  more  easily  removed  from  senim  which  contains  oxy^euiited  blood- 
tor)iiiscdes  than  from  serum  charged  with  0. 

[The  following  sc!ieme  may  serve  to  illustrate  tlie  extent  t<>  wbiidi  diffusion 
comes  mto  pluy.  The  O  must  piiss  through  the  alvetdnr  memlirane,  AB — inelmling 
the  alveolar  etatheliiuii  and  the  wall  of  the  cafiillaries— as  well  as  the  bhxHl-plasma, 
to  reach  the  haemoglobin  of  the  blood-corpuscles.  Similarly^  the  CO.,  must  leave 
the  salts  of  the  plasma  with  which  it  is  in  combination,  and  diffuse  in  the  opix>site 
direction,  through  the  wall  of  the  capillaries,  the  alveolar  membranti^  and 
eiuthelium,  to  reach  tlie  air-vesiclea  Let  AB  represent  the  alveolar  membmne ; 
on  tlie  one  side  of  it  is  represented  the  partial  pressure  of  the  CO^  and  O  in  the 
air-vesicles  ;  and  on  the  other,  the  partiid  pressure  of  the  €0^,  and  U  in  the  venons 
bhxHl  entering  the  liuig.     The  arrows  indicate  the  direction  of  diffusion,] 
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Katnre  of  the  Process* — The  exchange  of  gases  between  the  blood  and  the  air 
in  tlie  lungs  has  l>cen  represented  by  Bonders  as  due  to  the  process  of  diisociation* 

[Bohr  used  a  modified  rbeometer  of  Ludwig's,  whereby  living  arterial  blood  waa  brought  into 
direet  eontaet  with  a  volume  of  air  containing  a  gieatir  or  hsa  percentage  of  COj.  Even  when 
the  amount  of  CO*  in  the  air  in  direct  contact  with  the  blood  was  very  small,  it  was  found  that 
very  little  CO,  diffused  from  the  hlmid  into  the  air-space,  Bohr  tberefore  coiieludes  that  the 
separation  of  CO,  from  the  venous  blood  in  the  lungs,  and  it«  poasoge  into  the  air-vesicles,  are 
not  explicable  on  the  hypotheain  of  dilfuaion,  hut  we  must  rather  regard  the  CO^  as  removed  from 
the  blood  by  the  pulmonary  tissue  by  meam»  of  a  kind  of  secretory  process,  analogous  to  the 
excretion-processes  in  glands.  ] 


222 


DISSOCJATIOX   OF  GASES. 


[Sec,  129. 


129.  BISSOCIATIOH  OF  GASES.— Many  gii^ea  form  true  chemical  compounds 
with  other  l>tHlii'8  {ie.^  they  combine  aceordiii^' to  tlu'ir  iiquivak'Hts),  when  the  con- 
tsHt  of  thei?e  htHlies  is  elfeeted  under  rwiditions  wneli  tluU  the  partial  |>ressiire  of 
the  iiiisim  is  liigh.  Tlie  eheiiiieal  eoinpitntnl  fornietl  nnder  thf^e  eotu]iti<ins  is 
broken  up  whenever  tlie  partial  pressure  is  diniinialied,  or  when  it  readies  a 
certain  niinituuni  level,  wliich  varies  with  the  nature  of  the  bodiei*  formiiij^  the 
compound.  Thus,  by  iiiLreu.siiig  and  dimirnHhin^  the  partial  pre.Hsiire  altermitely, 
a  ehemical  etnn pound  of  tlu^  ga.s  may  be  fonued  and  ii^^ain  broken  up.  This  pro- 
cess is  culled  dissociation  of  the  gases.  Tlie  luinimal  jwrtial  pressure  is  constant 
for  each  of  tlie  (litferent  substaiier's  and  gases,  but  temperature^  as  in  the  eiise  of 
the  al)sorption  of  ga.**es,  ha.s  a  gri-at  eifcct  on  the  [martial  pressure  ;  with  increase 
of  tem[>emtnre  the  [partial  jirciisnre,  nn<.ler  which  ilissoeiation  occurs,  iliniinishes. 

As  an  exainijhj  of  tlie  dissociation  of  a  ^'as^  take  the  case  of  calciina  carbuBjat*'^  When  it  U 
iKMited  in  the  air  tn  440'  C:,  (2i\  Is  given  olf  from  its  bt-ate  of  chemical  cotubiuatioij,  but  is 
taken  u[»  n*^aiii,  aii*l  a  tlieiiiical  coiiipound  lonncd,  whkh  is  chaugt'd  iuto  chalk  wbcQ  it  eooU. 

Disflociation  in  the  Blood.- — The  cliemieal  condanations  e^aitaining  CtX^  and 
those  confining  O  within  the  Ijlood-strLnun,  viz.,  the*  siiU*>  of  the  plasma,  ^vhich 
are  combineil  with  CtX,!  "-'^"^  the  oxyha?moglobin,  behave  in  a  similar  manner.  If 
tliese  compounds  of  O  and  C<  Ij  are  jtlaeed  under  et^nditions  where  the  j»ailirtl 
pressure  of  these  gase^  is  very  low^/.r.,  in  a  medium  coittiiining  a  very  small 
amount  of  these  gases,  the  compounds  are  dissociated,  Le,^  they  give  ofi'CiK,  or  iK 
If  after  being  dissociated  they  are  placed  under  eonilitii'ns  where,  fiwing  t-o  the 
large  anion ut  of  tlie se  gases^  the  partial  pressure  of  U  or  of  C*),_,  is  high,  these 
gases  are  taken  up  again,  and  enter  into  a  i-onilitiou  of  eh</niical  eiimbination. 

The  ha>inoglo}nn  of  the  hliKKl  in  the  pnbnouary  eapilluries  Hiids  plenty  of  O  in 
the  alveoli  ;  henc^e,  it  imites  with  the  (i  owing  to  the  ]nirtial  [iressure  of  the  U  in 
the  lung,  and  so  forms  the  eomponnii  oxyluemogloldiL  On  its  course  through  the 
capillaries  of  the  systemio  eireidation,  the  oxylupinoglohin  *>f  tlie  blotxl  eomes  into 
relation  with  tissues  poor  in  i)  ;  the  oxyh£Pmoglobin  is  dissociated,  the  W  isstipjdied 
to  the  tissues,  and  the  bloo«.l  freed  from  this  O  returns  to  the  right  heart,  and 
psisses  to  tlie  lungs,  where  it  takes  uj*  the  new  O. 

The  blood  wldlst  circulating  meets  with  most  COo  in  the  tissues  ;  the  high  jmrtial 
pressure  of  the  CD^  in  the  tissues  causes  Ci),>  to  unite  with  cortiun  eonstituenta  in 
the  blooil  so  as  t-o  form  ehemical  eonqxainds,  wliicli  ean-y  the  Ci}.,  ^^^^^^^^  the  tissues 
tc»  tlic  huigs.  In  the  air  of  the  lungs,  liowever,  the  partial  pressure  of  the  C<J.^^  is 
very  low,  dissoriation  of  these  chemical  eompounds  occurs  uiuler  the  low  ]>artial 
pressure,  and  the  C*\  passes  int-o  the  air-cells  of  the  lung,  from  wliitli  it  Ls  expelled 
during  ex[uration.  It  is  evident  tliat  the  giving  up  of  <>  fiinn  the  blood  to  the 
tissues,  and  the  alisor|ition  of  Vi}.j  from  the  tissues,  go  on  wiile  hy  side  and  take  place 
fiimultaneouslvj  while  in  the  lungs  the  reverse  proeesvSes  occur  ahnost  simidtaiieoitsly. 

130.  CUTANEOUS  B£SFIBAfIOK.— Methods,— If  a  man  or  an  animal  be  placed  in  the 
clmmber  of  the  respiratory  apparatus  (f  122),  and  if  tuln:^  be  so  ari*ange<l  that  the  respiratory 
gjiscs  do  not  enter  the  chamber,  of  eonrsc  we  obtaiti  only  the  ^^ ^Jtrs^nration  *'  of  tlie  skin  in  the 
clnimbf*r.  It  ia  hm  satisfactory  to  leave  llie  tiead  of  th©  person  outaide  the  thamber^  while  the 
tieck  is  fixed  air-light  in  the  wall  of  tht  chamber.  The  extent  of  the  cutaueoas  reBpiratton  of 
A  limb  may  bo  ascei  taineiJ  liy  eii[:Ioaing  It  in  an  air-tight  veasel  (iJvAr/j/)  similar  to  that  iis«il 
for  the  arm  in  the  pltthygipogiapb  (§  101), 

Loss  by  Skin. --A  healthy  man  loses  by  the  skin,  in  24  hours,  ^  of  his  b(xly- 
w eight,  which  is  greater  than  the  loss  by  the  lungs,  in  the  ratio  of  3  ;  2.  Only  10 
grams^ — 150  grjiins,— or  it  maybe  3*i>  grams-- 60  grains, — of  the  entire  hiss  are 
due  to  the  CO^,  given  off  by  the  skin.  The  rcMmiinder  of  the  excretion  from  the 
flkin  is  due  t-o  water  [1  J-!2lhs,  daily]  coiit;iining  a  few  siilts  in  solution.  Wlien  the 
surrounding  teinpeniture  is  raised,  the  L'tX,  is  increasetl,  in  fact  it  may  be  doubled  ; 
violent  muscular  exercise  has  the  same  etiect 
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INTERNAL   RESPIRATION. 


0  Absorbed. — Thi'  ()  takt-n  ui>  l»y  tlit*  t;kin  it^  either  eqiml  tOj  or  jiHghtly  less 
tlian,  the  C<>.^  given  <»H1  As  the  CtJ^  t3xereted  hy  i\w  skin  irf  only  ^jy  t>f  Umt  ex- 
creted ])}•  iha  lmig>4,  while  the  (*  Uiken  iu  =  Yj7f  <>f  that  taken  in  hy  the  hing8,  it 
is  evident  that  tlie  respiraiorp  actiiutj/  of  fks  ifkin  I'tt  rert/  sliffht.  Jiii'mnih  ^vhoae 
skin  has  been  ctivered  by  an  ini|ML'rnieahle  vaniish  di<\  not  fnnn  suflUeatiwi,  httt 
from  uther  luuuses  {g  1225). 

In  Riiinxalri  witli  u  tliia  moist  epidermlB  (frog)  tlie  exchange  of  ^as«\s  U  much  greatta,  nad  in 
tlieui  the  skin  ho  Ikr  ftupfH>rt>  tlit^  liia^Ji  in  their  tiiuetioa,  uad  may  even  iniitly  re[»lace  tliein 
tiinctionally.  The  ,slciii  of  th<-  frog  tliaiiaatea  |-i  of  all  the  CO^  exereted  {Bittiier),  and  eveii^ 
a  larger  projKntioii  in  wiiitn  (io^h.  Thus  tlipping  u,  frog  in  oil  li  ills  it  sixmei  thiin  ligature  of 
the  luag8*  111  mummftlfl  with  tlack  dry  eutaneoiis  apiK'tidagea,  the  t'xclmiige  of  gast*>*  is, 
again,  ttUKh  lens  tliun  in  aiun, 

131.  IHTERNAL  RESPIEATIOF.— Where  CO.  is  formed -By  the  term 
'*  internal  respiration  "  is  tindijrstoi»d  the  exehaiige  of  gases  Ijetween  the  eapillaritia 
of  the  8yHt<'nHt^  ciieuhition  and  the  ti>.H\io8  of  tlie  uigaiis  vf  the  iMxiy,  As  oi'g^mict 
eutistitnents  *d  tlie  tis.Hties,  during  tla-ir  aetivity,  nndergu  graihial  oxidatitin,  ami 
form,  amongst  uther  jirodnetn,  CO.,  ;  we  may  asi^nmo^ — (1)  that  the  ehief  frM  ns  for 
the  ahsinption  rd  t>  and  the  hainatitm  of  (Jl>,,  is  to  he  thought  fur  within  the 
tisanes  tln'niselves.  That  the  t>  fixan  the  IjltHnl  in  the  eapilhiries  rapidly  i^enetmtes 
or  iHfluses  into  the  tissues  is  shown  by  the  fact  that  tlio  blood  m  the  cai>i]laries 
nipitUy  loses;  0  and  gtiin?  CO.^,,  while  l>Iood  contiining  l>,  and  kept  warm  out- 
iiiih  the  body,  changes  very  .slowly  and  ineom]detely.  If  portionrs  nf  fresii  tissues 
be  jdaeed  in  detilainatetl  Idooil  euntainljig  U,  then  the  (.)  rapiilly  dii:uip|>eai"8. 
Frogs  deprived  of  their  blnod  exhibit  an  exdiajige  of  gain^s  almost  tus  gi'eat  as 
normal.  This  shows  that  the  ixrhange  of  gikses  must  take  jdaee  in  the  tbsuea 
thenjselves.  If  the  tddef  oxidations  limk  liiaee  in  tlie  Idooil  and  nut  in  tlie  tissiiea, 
then  dming  suHbeatioii,  when  U  is  extdnded,  tlie  sultstanees  whitli  use  np  O^  i.e., 
those  substances  which  aet  as  reducing  agents,  ought  to  a<  eumnlate  in  the  Idood* 
But  this  is  not  the  case,  for  llie  bloo4.1  of  asi>hyxiat^.*d  animals  eonUiins  njere  traces 
of  reducing  materials  {Pjluger).  It  is  diflieult  to  say  how  the  U  is  absorhed  by  the 
tissues,  and  what  becomes  of  it  imnieiliatidy  it  crimes  in  contact  with  the  living 
elements  of  the  tissues.  Perhaps  it  is  temiH>rarily  stored  uji,  or  it  may  form  certain 
intermediate  less  oxiilised  eomi>ounds.  This  nmy  l>e  followed  hy  a  jierioil  of  rapid 
formation  and  excretion  of  Ci)^,  On  this  supiHjsition,  it  is  evident  that  tlie  alisorp- 
tiini  of  O  an<l  the  excretion  of  C(  *.i  neeVt  not  occur  t«>  the  same  extent,  so  that  the 
amiaint  of  (JlJ^  giviiU  oti'  at  any  i^eriml  is  not  necessarily  an  index  of  the  amount  of 
0  ah.sorbcd  during  the  same  period  (%  120). 

[Oxygen  exists  in  excessively  small  tpiantities  iji  the  tissues,  so  that  its  tension  may 
be  considered  as  n<*arly  zero  :  thus  the  U  of  the  Idooil  must  diHbse  tovvanis  the 
tissues.  If  two  fingers  touching  each  otln^r  be  h*dd  in  front  of  a  bright  light,  then 
by  means  of  a  s]>i'ctroscujN'  placed  opposite  tlie  interval  lietween  them,  one  can  Bee 
the  two  hands  of  oxy  liBemoglulitn.  If  the  bases  of  the  lingers  be  eonstrictcil  the 
single  liand  of  reduced  luemoglohln  ajjpears  in  less  than  two  nunules,  so  nipidly  is 
t)ie  Idood  roliheil  of  its  oxygen.  The  CO.,  formed  in  the  tissues  dilliises  towaiM:lH 
the  hlood.  The  following  scheme  after  Beaunis  represents  the  decrease  in  tension 
of  the  two  gfises — 

0 — Atmosphere  >  air  in  lungs  >  bhnxl  >  tbsues. 
C Og — Tissues  >  blood  >  air  in  lungs  >  atmosphere.  ] 

[There  are  two  views  as  to  where  the  CO.^  is  formed  as  tlie  Idood  passes  through 
the  tissues.  One  view  is  that  the  seat  of  oxidation  is  in  the  blood  itstdf,  and  the 
other  is  that  it  is  formed  in  the  tiasues.  If  we  knew  the  tension  of  the  gases  in 
the  tissues,  the  i>r<jblcni  would  be  easily  solved,  hut  we  can  only  arrive  at  a  know- 
ledge of  tins  subject  mtmdJy  in  the  following  ways]  : — 
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OXIDATION   TAKES    PLACE    IK    THE   TLS«UE«. 


[Sec.  131. 


00,j  in  Oftvitiee.  —  TliJtt  tbi^  CO^  is  forniLHl  in  the  tissues  is  sufijiorted  b}'  the  fact  that  tlic 
aiiioiiut  of  CO2  in  the  tUiids  ol"  tht'  cavitic'.<i  of  tbe  body  is  greater  than  the  CO*  in  the  blood  of 
tlie  ca[>illant's.     The  tension  of  CO;,  io  — 

Mm. 
Hilo  (gall  bhnider),         .         50*0  Hg  tcnsiaii. 
Hydrocele  fluid,     .         .         46*5     „         „ 
Lymph  (thorai;ic  duct),  .         34*0     „         ,, 

The  large  avwurU  of  VO^  in  ihcx  fluids  can  otdy  ari^/ivm  the  CO^  oftkf  ti49m4  paswinq  iiiio 
fhem. 

Giu»ee  of  lymph. — The  following  table  sIiouh  th<?  ninonnt  of  gases  in  lymph  : — 


Mn>. 

Arte  Kill  blood,      . 

'21  -28  Hg  teiistou 

Peritoneal  cavity, 

58 '6 

Acid  urine, 

680 

Cavity  of  inteatitiej 

58-5 

0 

CO. 

K 

Lymph  from  ann,                  .        .  -t 
Lyuiph  from  iuLfjitine, 

(1  00 

ono 

41-89 
47*13 
37-56 

1  12 

i-ea 

In  the  lymph  of  the  ductus  thoractcus  the  teusioti  of  COjt  —  SS'i  to  37*2  nim»  Hg, 
which  is  greater  than  in  arterial  blood,  but  comidtraMy  l&»^  than  in  whons  LIwmI  (41  0 
mm.  Hg).  (Ltidwig  rtnd  Hamitiar,Hk»f  Tiichirjf^ic).  Tlua  does  not  eutitlt?  us  to  oonclude 
that  in  the  tissut'H  from  which  tbe  lymph  comen  only  a  itmall  qua ntity  of  CO3  is  formed,  but 
rather  that  in  the  lytopji  there  is  leii&  atttuetion  for  thu  COj  ftinned  in  th«  tissues  than  in  the 
blcKKl  of  the  rapillariea,  where  chemical  forces  are  active  in  censing  it  to  conibioe,  or  that  in  the 
cotiree  of  the  long  lymjdi'Lurreut,  the  CO3  \a  partly  given  back  to  the  tiiwuejn,  or  that  CO5  is 
formed  in  the  bltwd  itstdf.  Further,  the  niuacle-s,  which  are  by  far  the  large^st  producers  of  CO3, 
conUiu  few  lymphttticj*,  neverthektsa  they  aupjdy  much  CO^  to  the  blood,  Tlie  amount  of  frw« 
*'  non-tixed  "  00^  coutained  in  the  juiceti  iind  tiBiiUfs  indieatea  that  the  COj  passea  from  the 
tissues  into  the  blood  ;  still,  Preyer  believes  that  ia  venou.s  hbod  CO^  undergoes  chemical  com- 
bination. The  cXLdiangt]  of  O  and  C0«  varies  much  in  the  ditferent  tiiisuea.  The  muflclea  are 
the  most  imfK>rtnnt  organs,  for  in  their  active  condition  they  excrete  a  large  nmyunt  of  CO,, 
and  use  up  much  O.  The  0  is  »o  ramdly  used  up  by  tliem  that  no  free  0  can  be  pumped  out 
of  niuacLilar  tiHsue  {L.  Hirifumn).  The  exchange  of  gasea  ia  moi-e  vigorou**  during  the  activity 
of  the  tiiisuea.  Nor  are  the  .salivary  glands,  kidneys,  ami  piuicreas  any  exception,  for  although, 
when  these  organs  are  actively  secreting,  the  blood  flowtt  out  of  the  dilated  veius  in  a  bright 
FX'd  stream,  still  th**  relative  diminution  of  COj  ia  moi-e  than  compensated  by  the  increaaod 
volume  of  blood  which  passes  through  these  organs* 

Beduction  by  the  tiMues. — The  researches  of  Ehrlich  have  shown  that  in  most  tissues  very 
energetic  reiluetionH  take  place.  If  colouring-mattem,  such  as  alizarin  hhie.  indopheiiol  bliije, 
or  tnethyl  blue,  Iw  intrailuc««l  into  the  blood -stream,  l\w  tissues  are  coloured  by  them.  Those 
tiaaues  Of  organs  whieli  have  a  particular  ailinity  for  O  {c.y.^  liver,  cortex  of  the  kidney,  and 
hiDgB),  absorb  O  from  them*  pigments,  and  render  them  colourless.  The  pancreaa  aud  sub- 
maxillary gland  scarcely  reduce  them  at  alb 

(2)  III  tht!  blood  itself,  m  in  all  tissue-s,  O  is  \mA  up*  atul  00^  i«  fonued.  Tliis 
is  proved  hy  the  foll^jwing  fa€t8  : — That  bltMxl  witlulmwu  fmiu  tlit^  lx>dy  becoixie^ 
poorer  in  (.)  and  ritdier  in  CO^  ;  that  in  tlie  blood  of  asphjxiaj  free  from  O  and 
ill  Uie  Id ood-corp uncles,  there  are  slight  tnices  of  reducing  agentHS,  whicli  Ixjeonie 
oxidirtt'd  on  tht'  addition  of  U,  Still,  this  process  in  ii-omparntively  iii.significuot  as 
again.st  that  wliich  oeenrs  in  all  the  otlier  tissues.  That  the  walls  of  the  vessels — 
more  esiH^eially  the  niusiinlar  fibre^i  in  the  walls  of  the  small  arteries — nse  O  and 
produce  CO^  m  miqiicstionaltle,  althongli  the  exchange  is  so  slight  that  the  hlood 
in  iU  whole  arterial  course  undergoes  no  visible  change. 

Ludwig  and  his  pu[als  have  proved  that  CO^  is  a*?tinilly  formed  in  the  blood.  If  the  easily 
oxidiaahlo  lactate  of  8oda  be  mixed  with  blood,  and  this  blood  Im  cauijcd  to  circ-nlate  in  au 
excised  but  still  living  organ,  s^uch  ai»  a  lung  or  kidney,  more  0  h  used  up  and  more  COj  ia 
forme*!  than  in  unmixed  hlood  similarly  transfused. 

(3)  That  the  tiiksues  of  the  living  lungs  use  U  and  give  off  CO^  i^^t  probablo. 
When  C,  Ludwig  ami  iluller  passed  arterial  blood  through  the  blood- vusstdg  of  a 
lung  deprived  of  air,  the  0  was  diminished  and  tJie  CO^  increased.     As  the  total 
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aniouiit  of  COg  and  O  found  in  the  entire  blood,  at  any  one  time,  is  only  4  grams, 
and  as  the  daily  excretion  of  COg  =  900  grams,  and  the  O  absorbed  daily  =  744 
grams,  it  is  clear  that  exchange  of  gases  must  go  on  with  great  rapidity,  that 
the  O  absorbed  must  be  used  quickly,  and  the  COg  must  be  rapidly  excreted. 

Still,  it  is  a  striking  fact  that  oxidation-processes  of  such  magnitude,  as  e.^.,  the  union  of  C 
to  form  COj,  occur  at  a  relatively  low  tem|)erature  of  the  blood  and  the  tissues.  It  has  been 
surmised  that  tee  blood  acts  as  an  ozone-producer,  and  transfers  this  active  form  of  O  to  the 
tissues.  Liebig  showed  that  the  alkaline  reaction  of  most  of  the  juices  and  tissues  favours  the 
processes  of  oxidation.  Numerous  organic  substances,  which  are  not  altered  by  O  alone, 
oecome  rapidly  oxidised  in  the  presence  of  free  alkalies,  e.g,^  gallic  acid,  pyrogallic  acid,  and 
sugar  ;  while  many  organic  acids,  which  are  unaffected  by  ozone  alone,  are  changed  into 
carbonates  when  in  the  form  of  alkaline  salts  {Oorup-Besanez);  and  in  the  same  way,  when 
they  are  introduced  into  the  body  in  the  form  of  acids,  they  are  partly  or  wholly  excreted  in  the 
urine,  but  when  they  are  administered  as  alkaline  compounds  they  are  changed  into  carbonates. 

[Comparative  Physiology  of  Sespiration. — The  most  important  researches  in 
this  department  have  been  made  by  Regnault  and  Reiset  and  Paul  Bert.  The 
following  table  shows  the  quantity  of  O  absorbed,  COg  and  N  excreted  by 
the  respiratory  organs  per  kilo.-weight  of  the  animal  during  one  hour : — 


Rabbit, 
Dog,    . 
Marmot, 
Fowl,  . 
Sparrow, 
Lizard, 
Frog,    . 
Salamander, 
Cockchafer,  . 


O  AtMorbed. 

gnus. 
0-888 
1183 
0-986 
1-035 
9*595 
0-191 
0-090 
0K)85 
0-019 


CO3  Excreted. 


N  Excreted. 


grms. 
1-109 
1-196 
1-016 
1-368 
10-583 
0-197 
0-091 
0113 
1-137 


grms. 
0  004 
0-007 
0  009 
0  007 
0-008 
0-004 
0-000 
0  000 
0  087 


[It  is  evident  that  the  respiration  of  birds  is  much  more  active  than  that  of 
mammals,  while  in  mammals  and  insects  it  is  far  more  active  than  in  reptiles  and 
amphibians.     The  respiration  of  fishes  is  much  less  active  than  that  of  mammals.] 

[The  respiratory  quotient  shows  a  marked  difference  in  camivora  and 
herbivora;  in  herbivora  =0-9-1,  in  camivora  =0*75-0-8,  while  the  omnivora, 
e,g.y  man,  stands  midway  between  =  0-87,  but  it  is  increased  by  carbohydrate 
food,  and  diminished  by  animal  food.  In  starving  animals,  however,  the  respira- 
tory quotient  is  the  same  =  0*75,  sliowing  that  the  oxidation  in  starving  animals 
takes  place  at  the  expense  of  the  tissues  of  the  body  (Munk),] 

[The  species  of  animal  exercises  a  marked  influence  on  the  intensity  of  the 
respiratory  process,  as  shown  by  the  following  table  from  Munk,  giving  the  amount 
of  0  absorbed  per  unit  weight  (a.e.,  per  kilogram)  of  the  animal  It  is  at  once 
apparent  that  the  intensity  of  respiration  is  not  parallel  to  the  body-weight. 


Species  of  Animal. 

0  in  Qiama.  Absorbed. 

Respintoxy  Quotient,  ^. 

Cat 

lUbbiti 

Fowl, 

Small  Singing-bird,      . 

l^«' 

Man, 

Horse, 

Ox, 

Sheep, 

1-007 
1-188 
0-918 
1-800 
11-880 
0  084 
0-417 
0-683 
0-652 
0-49 

0  77 

0-76 

0-92 

0-93 

0-78 

0-68 

0-87 

0-97 

0-9 

0-98 

i-i 
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[Bmall  aniamls!,  us  a  rule,  have  ilie  gi'eatest  uitL^iisity  uf  respiration ;  birds  liiive 
the  moat  intense  respiration,  and  this  is  greater  the  smaller  the  Inrd,  Tlnia  small 
singing-birds  use  nearly  ten  times  us  mueh  oxygen  iis  fowls.  In  cold-blwxled 
animals  it  is  exeeedingly  smalt  A  gnineu-]tig  placed  in  a  cliamber  containing  little 
oxygen  within  a  sliort  time  becomes  eoiivulsed  iind  dies,  while  a  frog  will  live  for 
niany  hntirs  in  an  atmospbore  devoid  of  oxygen  (^llmtk).] 

133.  RESPIRATION  IK  A  LIMITEB  SPACE— Respiration  in  a  limited 
•pace  causes— { I)  a  gnidual  diminution  of  0  ;  (2)  u  simultaneous  increase  of  CO^ , 
(3)  a  diminution  in  the  vokuue  of  the  gases.  If  the  spaee  be  of  moderate  dimen- 
sions, the  animal  uses  up  almost  all  the  O  eoutairied  therein,  aud  dies  idtiniately 
from  sjiasms  causcil  liy  the  asphyxia.  The  O  is  ahsorbcil,  therefore — inde|MUidcntly 
of  tlie  laws  of  uhsLir[>ti<jn — by  cheiuical  means.  The  i)  in  tlie  lilorMl  is  ahnost  com- 
pletely used  u[>  (§  128).  In  a  larger  space,  the  CO^  aeeumulates  rapidly,  bi«fore 
the  diiuinuti^n  of  U  is  sueh  as  to  affect  the  life  uf  the  animal  As  CO.^  can  roily 
be  exerctetl  from  the  blood  wlien  tlio  tension  of  the  C*J.j  iu  the  Idood  is  givater 
than  the  tension  of  C<  )^  in  the  air,  as  sooii  as  the  CO.,  in  the  surrounding  air  in 
the  closed  space  becomes  tbe  sauie  as  in  the  blood,  the  C*  >.>  will  be  reUiined  in  the 
blo*.id,  and  finally  C*  >^,  may  jiass  Itaek  into  the  limly.  This  occurs  iu  a  large  closed 
space,  when  the  amoiuit  of  <)  is  still  sufficient  to  sup|RU't  life,  so  that  death  occurs 
under  these  eircunistances  (in  rabbits)  through  poison  iug  \rith  CO^  causing 
tlimiuisbcil  exeit^ability,  loss  of  consi-jousness,  am!  lowering  of  Ufminnature,  but  no 
spasms  (Wmfit  MuHer).  In  pure  0  aiiiinaLs  breatlie  in  a  normal  way;  the  tjuantity 
of  U  absorbed  and  the  C(  >a  excreted  is  cpiite  inde] pendent  of  the  percentage  of  O, 
so  that  tbe  foiiuer  oeeurs  through  chemical  agency  iiide[ieudent  of  pressure.  In  a 
limited  space  filled  with  O  animals  <lie  !>y  absorption  <»f  the  CO.,  excreted.  Wonn 
M filler  found  that  rahluts  died  after  aksorbing  Ci)^  eipial  to  half  the  vohnne  of 
their  1iody,  alth<nigh  the  air  still  contEiincd  50  per  cent.  *).  Animals  can  breatlie 
quite  ipiietly  a  mixture  of  air  coniiiining  14'8  per  cent  {20'9  per  cent,  nonnal) ; 
with  7  percent,  they  breathe  with  ditticulty  ;  with  4*5  jier  cent,  there  is  marked 
dyspnoea  ;  with  3  per  cent.  O  there  is  ttdcrahly  rapid  asphyxia.  The  air  expired 
by  man  normally  eontsuns  14  to  18  per  cent.  O.  Accor^ling  to  Hempncr,  mammals 
placed  in  a  mixture  of  gases  poor  In  O  use  slightly  less  O, 

Dyspnoea  occurs  when  tbe  respired  air  is  deficieat  in  0,  as  well  as  when  it  is  overcharged  with 
COj,  but  tbii  dyspnwa  in  the  former  case  is  prolonged  and  severe  j  in  the  latter,  the  respiratory 
activity  stxin  ceji-nes.  The  want  of  0  causes  a  greater  and  raore  prolonged  iucrenae  of  tbe  blcKxi- 
presaure  than  is  causeil  by  excosa  of  CO^  Lastly,  the  conBumption  of  0  in  the  boily  is  less 
directed  when  the  0  in  tiie  arr  in  diininiiihed  than  ulien  there  is  excess  of  CO3.  If  air  containing 
a  diminblied  amount  oft)  be  rcspii-ed,  death  m  preceded  by  violent  phenomena  of  excitement 
and  apasm»,  which  are  nhsent  in  ca<iea  of  death  causeil  by  breathing  air  over-charged  with  CO.. 
In  poisoning  v?tth  CO.j,  tlie  excretion  of  COj  is  greatly  diminiahed,  while  with  diininutioD  of  O 
it  is  ainioat  unchanged. 

If  animals  l>e  su[i[died  with  a  mixture  of  gases  similar  to  the  atmosphere,  in 
which  N  is  replaced  Ijy  H,  tliey  breathe  quite  normally  {Laimmer  ami  Seffuin) ; 
the  H  undergoes  no  great  change. 

CI.  Bernard  found  that*  when  an  animal  breathed  in  a  limited  sjmce,  it  becftme  partially 
accn-itomed  to  the  comliiion*  On  placing  a  bird  under  a  bell-jar,  it  lived  several  hours  ;  but 
if  several  houra  before  its  death,  another  bird  fresh  from  the  outer  air  were  placed  ttrader  the 
name  belbjar,  the  second  biiil  died  soon,  with  convnlsions. 

Frogs,  when  placed  for  several  hours  in  air  devoid  of  0,  give  offjuBt  aa  mwh  CO3  as  in  air 
containing  O,  and  they  do  this  without  any  obvious  disturbance.  Hence,  it  appears  that  the 
formation  of  COj  is  independent  of  the  absorption  of  0,  and  the  CO3  must  be  formed  from  the 
decomposition  of  other  compounds.  Ultimately,  however,  complete  motor  paralysis  oceura, 
whilst  the  circulation  remains  imdiattirlwd  {AHbcrt). 

[134,  DYSPNdA  AHD  ASPHYXIA.— For  the  causes  of  dyspna^a  see  §  111, 
and  those  of  asphyxia  see  §  368.     If  from  any  cause  an  animal  be  not  supplied 
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vvitli  51  duo  aiiioiini  of  nW^  iu>rnjal  n  spinUion  bfuuiiies  gi*HatIy  ultt-'r<_'*lj  |iji8siiig 
through  tlie  |»hase8  <jf  hyperpnoea,  or  increased  respiration,  dyBpnoea,  or  diJliculty 
of  hn'atliin^,^  to  tlie  iioal  condition  of  Hutfm^ition  or  asphyxia.  The  phenomena  of 
asp!iyxiii  niay  Im*  devtdojied  by  closing  thf  trachea  of  an  aninml  with  a  clanip^  or 
by  any  means  wliieli  pw vents  the  entrance  of  air  or  blood  into  the  hujgi*. 

Thr  phenomena  of  asphyxia  are  usnally  divided  into  several  stages  : — 1.  During 
the  first  stage  there  is  hyperpufjoa,  the  re.ipirationH  being  deeper,  more  frequent, 
and  hdnjurcd.  Tlie  extrannlinary  niuscles  of  rcj^piration — Iwth  tho^^c^  i»f  insjiiratinin 
and  ex| miration  (§  1 18) — are  called  into  action,  dysjuicea  i?^  rapiilly  pr^KhiciNl,  and  tin* 
rttruggle  fi>r  air  becomes  Uiore  and  ujore  severe.  At  the  same  time  the  oxygen  of 
the  Ii1(mk1  is  being  used  up,  while  tlie  blood  itself  becomes  more  and  more  venous. 
The  venous  blood  circulating  i[i  the  metkdla  oblongjita  ami  sjuiial  cord  stinndatea 
the  re4i{jirat<-iry  eentrcH,  and  causen  the  violent  respirations.  Thin  stiige  nsnally 
hisfcs  alKHit  a  minute,  and  gmdually  give.^  place  to — 

2>  The  second  stage,  wdien  the  in.si>iratory  nniseles  become  less  activej  while 
those  concerned  in  lahoiwd  expiration  contract  encrgcftieally,  and  indeed  almost 
ev«iry  muscle  in  the  boily  may  contriuit ;  so  that  this  stage  of  violent  expirtitory 
i^tibrtj^  ends  in  general  convnlsioris.  The  convulsions  are  due  to  stimulation  of  the 
nispiratoiy  centres  by  tbe  venous  hlood.  The  convulsive  stage  is  short,  and  is 
usually  real  hed  in  a  little  over  one  minute.     This  storm  is  succeeded  hy~ 

3.  The  third  stage,  or  stage  of  exhaustion,  tin?  transition  hieing  usually  some- 
what sudden.  It  is  hrouglit  aljont  by  the  venous  blood  acting  on  and  ]Miralysing 
the  respiratory  centres.  The  pupils  are  widely  dilated,  consciousness  is  abolished, 
and  tlie  activity  of  the  reflex  centres  is  so  de{>ressed  that  it  is  im]_HDssible  to  tbs- 
charge  a  reflex  act,  even  from  the  cornea.  The  animal  lies  almost  m<jtionless,  with 
flaccid  muscles,  ami  b»  all  ain>earance  dead,  l>ut  every  now  and  again,  at  long 
inU^rvals,  it  makes  a  few  tb^ep  inspiratory  elforts,  showing  that  tlie  respimb^ry 
centres  an^  not  quite,  but  alimtst  paralysed,  <Tradually  tlie  [)auses  become  longer 
and  the  insjiirations  feebler  auil  of  a  gasping  character.  As  the  venous  blornl 
ciirulates  in  the  s|»inal  cord,  it  causes  a  large  uumTier  of  muscles  to  contract,  so 
that  the  animal  extends  its  tnuik  and  limbs.  It  makes  one  great  inspiratory 
.spjism,  the  mouth  being  widely  oiMmed  and  the  nostrils  dilat<'d,  and  ceases  to 
brtrathe.  ilfter  this  stage,  which  is  the  longest  and  most  variable,  the  heart 
Ipeccimes  paralysed,  partly  from  being  overHlisten<led  with  venous  blood,  and 
partly,  j>erliaps,  from  the  acti<»n  ctf  the  venous  blood  on  the  cartliac  tissues,  ao  that 
the  pulse  can  hanlly  be  felt.  To  this  pulseless  c<tnilition  the  term  "  asphyxia  " 
ought  pni]M*rly  to  he  applied.  In  conuection  with  the  resuscihition  of  asphyxiated 
persons,  it  is  imi>ortant  to  note  that  the  heart  continnes  to  beat  for  a  few  seconds 
after  tin*  resfjinitory  movements  have  ceased. 

The  whole  series  of  pheiiouiena  oceut»ies  from  3  to  5  minnt^^s,  acconiing  to  the 
animal  oj»erated  on,  and  ibpen<ling  also  upon  the  sutldenness  with  which  tlie 
trachea  was  clos<jil  If  tlie  cause's  of  suilVwation  act  more  slowly,  the  phenomena 
are  tlie  same,  only  they  are  develo[>ed  more  slowly. 

The  Circulation.  —The  post-mortem  appearances  in  man  or  in  an  animal  are 
genendly  well  mark*;tl  The  right  side  of  the  heart,  the  ]*ulmonary  artery,  the 
vense  cavae,  antl  the  veins  of  the  nct^k  are  engorged  with  dark  venous  blood.  The 
left  side  is  compamtively  empty.  If  the  veins  on  the  right  side,  or  the  right  side 
of  the  heart,  br*  prickcil,  the  bloo*I  spurts  out.  Most  observers  are  agreed  that 
the  left  side  of  the  heart  is  comparatively  empty,  although  tliey  are  not  in  accortl 
as  to  its  cause.  Some  ot»servers  ascribe  it  to  the  rigor  mortis  of  the  left  side  of 
the  heart,  and  the  elastic  recoil  of  the  systeinic  arteries,  foR-ing  the  blood  to^vards 
the  systemic  veins.  G,  Johnson  ascribes  the  engorgement  of  the  right  side  to 
8p4ism  of  thi^  |)ulmonary  arterioles.  The  blood  itself  is  almost  black,  anrl  is 
deprived  of  alinoiit  all  itJi  oxygen,  its  hemoglobin  being  nearly  all  in  the  t^udition 
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of  rtiductjcl  liiEiiioglobin,  while  4H'duiary  vouou,**  1i1i>lh1  couUiiii.s  u  Lousidemlile 
amount  of  oxjhfemoglobiii  an  well  as  reihioed  I  IK  The  hlooil  of  aa  !i8i»hYxiate4 
animal  pnictically  contains  none  of  the  fornur  ami  ranch  of  tlie  latter.  Tlie 
spectnim  of  blood  frtnn  im  asphyxiiited  aniiunh  where  all  the  oxygen  has  l>een 
used  up,  is  that  of  reduced  hEenioglo})iii  (p,  t2G),  It  is  important  tt)  .study  the 
changee  in  th*'  cireulatioii  in  rekition  to  phenomena  exhihitcil  hy  an  animal 
during  suffxation. 

We  may  measure  the  blood-preBsnre  in  an)'  artery  of  an  animal  while  it  is  lieiug 
asphyxiated,  or  we  may  open  its  chest,  luaintain  artitirinl  rewpiratiun,  and  place  a 
manometer  in  a  systemic  artery,  e,f/.,  the  carotid,  and  anntlier  in  a  l»raneh  of  the 
pidmonary  artery.  In  tlie  latter  ca»e,  we  cim  watch  the  onler  t>f  events  in  the 
heart  ittielf,  when  th»^  artilieial  respimtion  is  int<*rrupteth  It  is  weM  to  study 
the  events  in  hoth  cases. 

If  tlie  blood-pressuie  be  measured  in  a  systemic  artery,  f.^.,  the  e^xivtid,  it  u 
foimd  that  the  lihwwl-j pressure  risea  ver)'  rapidly,  and  to  a  great  extent  during  the 
first  and  second  st-iige.^  ;  the  pulse-l>eats  at  lirst  are  f|uicker,  but  mmn  become  sl<  »wer 
and  more  vigorous.  During  the  third  stage  it  falls  rafiidly  t*:i  xero.  The  gretit 
rise  of  the  blood-preasure,  flaring  the  iirst  and  second  stages,  is  chiefly  dm*  t*)  the 
action  of  the  venous  blo<xl  on  tlic  general  vtusomotor  centre^  causing  constriction  of 
the  small  systemic  arteries.  The  peripheral  resistance  is  tlnis  greatly  increaseil, 
and  it  tends  to  cause  the  heart  to  contract  more  ^ngonjusly,  but  the  slower  and 
more  vigoroius  lK3ats  of  the  lu^art  are  also  ]^>artly  due  Uy  tht-  acti<  ai  of  the  venous 
liIot»d  on  the  eaiHliodnhibttory  centre  in  the  meihdia. 

If  the  seeond  nu^thml  lie  adopted,  viz.,  to  open  the  chest,  keep  up  artificial 
respiration,  and  measure  the  blootl -pressure  in  a  l>ranch  of  the  pulinonary  artery, 
aa  well  as  in  a  systemic  artery,^*?. f/.,  the  carotid » — we  find  that  when  the  artitieial 
respiration  is  stopped,  in  addition  k>  the  rise  of  the  blood-pressure  indicated  in  the 
carotid  manometer,  the  cavities  of  the  heart  atnl  the  large  veins  near  it  ai'e  engorged 
with  venous  blootl.  There  is,  however,  but  a  slight  comiiarative  rise  in  the  blood- 
pressure  in  the  pulmonary  artery ;  w^hile  the  systemic  pressure  may  be  doubled, 
the  puhnonary  artery  pressure  may  be  only  raised  a  few  millimetres  (p.  149). 
This  may  be  accounted  for,  eitlier  by  tfie  puhnonary  artery  not  being  influenced 
to  the  same  exl4?nt  as  other  arteries  hy  the  vaso-motor  centre,  or  by  iUs  greater 
distensihility  (S  H8).  ]iut,  as  the  heart  itself  in  supplied  tlirongh  the  coronary 
arteries  witli  vcnoxis  bhxid,  its  action  soon  liecomes  weakened,  each  beat  1ii*com©s 
feebler,  so  that  soon  the  left  ventricle  ceiises  to  contract,  ami  is  unable  to  over- 
come the  great  periphend  resistance-  in  tlo;  systemic  arteries,  althciugh  tint  right 
ventricle  may  still  he  contraeting.  As  the  lilorjd  be<jomes  more  venous,  the  vaso- 
motor centre  becomes  i>aralysed,  the  small  systemic  arteries  relax,  and  the  blood 
flows  from  tliem  into  the  veins,  while  the  hlr)oil-]>ressuro  in  the  carotid  manomeU^r 
rapidly  falls.  The  left  ventricle,  now  relieved  from  the  great  inU'rnal  pressure, 
may  execute  a  few  feeble  beats,  hut  they  can  only  be  feeble^  aa  its  tissues  have 
been  subjected  to  the  action  of  the  very  imiauH^  blood.  M^ire  ami  more  hlooii 
accumulates  in  the  right  side  from  the  causes  already  mentioned.  The  violent 
inepiratory  etTorts  in  the  early  stages  aspirate  l>hx«l  from  the  veiiii*  towards  the  riglit 
side  of  the  lieart,  but  of  course  tliis  factor  is  absent  when  the  client  is  ojiened.] 

[Convnlsions  during  asphyxia  occur  only  in  warm-blooded  animals,  and  not  in 
frog*.  If  a  drug  wh<'n  injecte^l  int^)  a  mammal  excites  convnlsions,  but  does  not 
do  80  in  the  frog,  then  it  is  usually  concluded  that  the  convulsions  are  due  to  its 
action  on  the  circulation  and  respimtitrn,  and  not  to  any  direct  stimulating  eflect 
upon  the  motor  centres.  But  if  the  drug  excites  convulsions  Iwith  in  the  mammal 
and  frogp  then  it  probably  acts  directly  on  the  motor  centres  {Bnmiony] 

[Becovery  from  the  condition  of  Asphyiia.— If  the  trachea  of  a  dog  b«  closed  suilileoly  aad 
completely,  tlie  avurage  clartitloa  of  the  respiratory  movenjents  is  4  mLiiQte«  5  secondM,  wbile 
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the  heart  continues  to  boat  for  a1>ont  7  miinitoM.  Recovery  may  be  obtained  If  proper  meanH  lio 
adoBt^d  l>efore  tho  hesiit  eeases  to  beat ;  but  afttr  tbi«,  never.  If  a  doe  lie  droivnetl,  the  result 
ia  aitferent.  After  complete  submersion  for  1}  minute^  recovery  did  not  takt?  place.  In 
drowning^  air  passes  out  of  the  cheati  and  water  ia  inspired  into  and  fills  the  air-veiricles.  It 
is  Hire  for  ixscovery  to  take  place  in  a  person  depriv'«d  of  air  for  more  tlian  five  minutes.  If  the 
«tat«ments  of  apongc-divers  arc  to  be  trusted,  a  person  may  beeome  aceuatomed  to  the  deprival 
of  air  for  a  longer  time  than  usual,  hi  case*  where  recovery  takes  place  after  a  much  longer 
period  of  submer^iion,  it  hfis  been  suggfi&ted  that,  in  these  casea,  syncope  occurs,  the  heart  beiita 
but  feebly  or  not  at  alb  «o  ttiat  the  oxygen  in  the  htood  is  not  used  ui>  with  the  satuo  rapidity. 
It  is  a  well-kuown  fact  that  newly-born  ami  yoting  puppies  can  be  snoToer^cd  for  a  long  time 
before  ttiey  are  wuH'ocateil,  Young  nianiinals  in  which  the  ejes  remain  €la«*ed  for  some  time 
after  liirth  survive  Hiibuuusiou  for  a  uhicIi  longer  time  thau  the  jsame  class  of  auirnals  a  few  days 
older,  tlie  rejison  being  that  in  the  former  the  foramen  ovale. and  ductus  arbartoHiuj  are  still 
patent,  wbilf  in  the  latter  they  are  closed.] 

Artificial  Eeflpimtion  in  Aaphyxia.  — In  ca,ses  of  suspendeil  animation,  aril^Wrt^r<:J?/«m^V);I 
must  bi'  pcrfoiimiL  Tb^'  first  thing  to  be  done  is  to  remove  any  foreign  8ul>8tance  from  the 
respiratory  jiassiagts  (mucu^  or  redeinatons  tlnids)  in  the  newly-born  or  asphyxiated.  ,  In  doubt- 
ful ca»ea,  open  the  tra^jhea  and  suck  out  any  fluid  by  meann  of  an  elastic  ratbeter  {i\  HMer). 
Recourse  mast  in  all  cases  be  had  to  artificial  r<?ji(>i ration.  There  are  several  methods  of  dilating 
and  ctimpreBsing  the  chest  mo  m  to  cau»e  an  exchange  ofgajieM,  One  method  la  to  compresa  the 
chest  rbythniieallv  with  the  hands. 

[MarsiiBil  Hall'a  Method.— "After  clearing  the  mouth  and  throat,  place  the  {witient  on  the 
face,  riiiHing  and  supporting  the  chest  well  on  a  folded  coat  or  other  article  of  dress.  Turn  the 
body  vi-ry  gently  on  the  sitle  and  a  little  beyond,  and  then  briskly  on  the  face,  back  again, 
r*i|Hiatiiig  these  measure**  cautiously,  eihcit'ntly,  and  jrertwivenngly,  about  fifteen  times  in  the 
minute,  or  once  every  four  or  five  seconds,  occaHjonally  varying  the  side.  By  placing?  the 
pitient  on  the  chest,  the  weight  of  the  Iwdy  forces  the  air  out  ;  when  turned  on  the  side  this 
pressure  ih  removed,  and  air  enters  the  cheat.  On  each  occasion  tbnt  i\w  body  is  replaced  on 
the  face,  make  uniform  but  ctfieient  ptessiiro  with  brisk  movemtnt  on  the  hack  between  ami 
below  the  shoulder-blades  or  bones  on  each  side,  removing  the  pressure  immediately  before 
turning  the  body  ou  the  side.  During  the  whole  of  the  ojierationa  let  one  ]ierson  attend  solely 
to  tlie  movem<?nt.s  of  the  head  and  of  the  arm  placed  under  it.  "I 

[Sylvester'i  Method, — *' Place  tb^  ]^»aticnt  on  the  bnck  en  the  Hat  surface,  inclined  a  little 
upwards  from  the  feet  ;  raise  and  support  the  head  and  shoulders  on  a  small  firm  cnsbion  or 
roHecl  article  of  dreasi  phieetl  under  the  bboulder- blades.  Draw  forward  the  rtatienfs  tongue, 
and  keep  it  projeetiug  ncyoud  the  lips  ;  an  elastic  hand  over  the  tctngue  anrf  under  the  chin 
will  aiiKWcr  this  purpose^  or  a  piece  ol'  string  or  tafw  may  be  tied  round  them,  or  by  raising  the 
lower  jaw  the  teeth  may  be  made  to  retain  the  tongue  in  that  poAition.  Remove  all  tight 
clothing  from  about  the  neck  and  cht-st,  es[>ei'ially  tlie  braces."  *'  Ttj  Imit^tie  th<  Ma^nunts  of 
Brmlhiiuj. — Standing  at  tlie  pntients  head,  grasp  the  arms  just  above  the  ellKjws,  auil  draw  the 
anus  gently  and  steadily  upwards  alH:jve  the  head,  aiul  keep  them  Mrdched  upwards  for  two 
secontls.  Ry  this  means  air  is  drawn  into  tlie  hings.  Then  turn  down  the  patient's  amis,  aiud 
pres?  them  gently  nnd  firmly  for  two  seconds  against  the  aides  of  the  chest.  By  this  means  air 
is  preiistnl  out  of  the  luiigit.  Repeat  these  measures  alternately,  deliberately,  aud  perseveringly 
about  fifteen  times  in  o  minute,  until  a  spontaneous  elfort  to  respire  is  perceived,  immediately 
upon  whirli  cease  to  imitate  the  moveinentH  of  bicathiug,  and  proeeeil  to  induce  cifcuhduni  UHft 
vmntitjt."] 

Howard  advUes  rhythmical  compression  of  the  chest  and  abdomen  by  sitting  like  a  rider 
aatflde  of  the  body^  while  Scbiiller  advises  that  the  lower  ribs  be  seized  from  above  with  t>otb 
hands  and  raised,  wheriby  the  chest  is  dilated,  especially  when  the  thigh  is  pressed  against  the 
abdomen  to  comprt!sa  the  abdominal  walls.  The  rliest  is  compressed  by  laying  the  hands  Hat 
upon  the  hypochondria*  Artiticiol  respiration  nets  favoumbly  by  supplying  0  to^  as  well  as 
removing  CO^  from,  the  blowl ;  further,  it  nids  the  movement  of  the  blood  within  the  heart 
and  in  the  large  vessels  of  the  thorax.  If  the  action  of  tlio  heail;  has  ceased,  recovery  is  impos- 
sible.  In  asphyxiated  uewly-boni  cbihlren,  we  must  not  cease  too  soon  to  perform  artificial 
rcHpimtion.  Even  when  the  result  appears  lioj>eless,  we  ought  to  iiersevere.  Pfliiger  and  Ziintz 
observe^l  that  the  reficx  exeitahility  of  the  fuctal  heart  coutiuueNd  for  A'irm/  hours  after  tho 
death  of  tho  mother. 

BeanjBcitation  hy  compres.sing  the  heart,  —  Bohm  found  that  in  the  ca-se  of  cats  poisoned  with 
potash  salts  or  chloroform,  or  asphyxiated,  so  as  to  arrest  respiration  and  the  action  of  the 
lieart, — even  for  a  [Kuiml  of  forty  minutes,— and  even  when  the  pre^ure  within  the  carotid  bad 
ralleu  to  zero,  he  could  restore  animation  by  rAyAm/oi^  oympnmion  of  the  Itratiy  combined  with 
artificial  respiration.  The  compression  of  the  heart  causes  a  slight  movement  of  the  blooti, 
while  it  acts  at  the  Mime  tiino  aa  a  rhythmicid  cardiac  stimulus.  After  recovery  of  the  respira- 
tion, the  reflex  excitability  and  gradually  also  voluntary  movements  are  restorwl.  The  animals 
are  blind  for  severdl  days,  the  brain  acta  slowly,  and  the  urine  contains  sugar.  Thene  exjwri- 
inents  show  how  iinpoi  taut  it  is  in  cases  of  asphyxia  to  act  bI  the  sauie  time  upon  the  heart. 
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For  phydological  purposes,  artifictat  ti^spimtion  in  oftini  mmU  u»c>  of,  especially  ftfter 
poiisoiiiiiK;  with  curare.  Air  in  fonvd  into  tb<?  lungs  by  means  of  au  olikfitio  Img  or  Im?11ow«* 
attac'bwi  to  a.  t'.minulti  tied  iu  the  trrtuhoft.  Tht*  eaunuhi  Iias  a  iimall  ojwrjitjg  in  the  side  of  it  it* 
allow  the  ixi^ii'td  fiir  to  escirtjie. 

Pathological, — After  the  luugs  hav*^  onre  heeii  jiropfrly  disteucinJ  with  aiiv  it  i^n  impOHsible 
by  auy  amrmut  of  direct  coio]»re5Hiou  nf  them  to  get  rid  of  nil  the  air.  This  h  probably  due  to 
the  pressure  dieting  oo  the  small  bronchi,  so  as  to  squeeaie  thi'ni,  Wfore  the  air  cau  Iw  forc^  out 
of  the  air-vesicb»i*.  If,  howevt^r,  a  lung  he  filled  with  CO,.,  and  b*'  iiiispnde<l  Iu  water,  the  COj 
is  absorbod  by  the  water,  aud  the  lungs  becouie  quite  free  from  air  and  are  atelectatic  [Hfrnmnn. 
and  Keller).  The  atelectasis,  which  sometimes  occurs  iu  the  lung,  uiay  thua  he  i^xplrtined :— If 
a  brouchii«(  is  stopped  vvitb  uuicus  or  exudntion,  CO^  aceuumlatcs  in  the  »ir-vfti*icle^*  belangiug 
to  thi*i  btouehus.  If  the  CO^  is  absorbed  by  the  blood  or  lymph,  the  correMfi*>ndiug  area 
cif  the  lung  will  become  atelectatic*  Sometimes  there  isspaHUi  of  the  ie.s[nratory  miiiielea,  brought 
aboat  by  direct  or  reflex  stimidation  of  the  respiratory eentrf. 

135.  RESPIRATION  OF  FOEEIGK  GASES.— No  gas  without  a  suflicient 
ftdmixtniJ'  of  n  cmu  suj>[H>rt  life.  Kveii  with  winpletely  iunrK'nous  and  iutlitl'creiit 
gases,  if  no  O  he  niix^'d  with  them,  thev  cause  suHbcatioii  in  2  to  3  minutes. 

I.  Completely  indifferent  Gases  are  K,  H,  CH^.  The  living  blood  of  an  animal  breathing 
the^e  gases  yi''ld'i  rm  0  to  them  iPffiitffr). 

n.  PoifiOEioui  Gases.  — O-diaplacing-  Gasea. — {a)  Those  that  displae<i  0»  and  form  a  stable  eom- 
f>ound  with  the  hiemoglobiu — (1)C0  (§§  10  aud  17).  (2)  ONH  (hydrocyanic  acid)  disjilsces  (?) 
U  from  haemoglobin,  forming  a  more  ntuble  couipoinid,  and  kills  exceedingly  rapidly.  Hlooih 
corpuscles  charged  with  hydrocyanic  acid  lose  the  property  of  decomposing  hydric  peroxide 
into  water  and  i*  (§  17.  5)- 

(A)  Narcotic  Gases.— (1)  00^. — V.  Pettcnkofer  cliaracterises  atmosplicnc  air  containing  'I 
jjcr  cent.  C0«  as  *'had  air";  stilly  nir  in  a  room  containing  this  amount  of  CO.j  pioduee^  a 
disagreeable  feeling,  rather  from  the  inipuritieji  mixed  with  it  tluin  frimi  tlie  actual  amount  of 
OOj  itaelf.  Air  contjiiiiing  1  ]^e^eeut.  COm  ] nod nces  decidod  discom fort,  nud  witli  10  percent. 
it  endangers  life,  while  largiu'  amounts  cause  death,  with  symptoms  of  coma.  (2)  K^O  (nitrous 
oxide),  respired,  ndxed  with  ^  volume  U,  eaitses,  after  1  to  ii  niinntes*,  a  short  temjjorary  sUtgv 
of  excitement  ("Lauglnug  gas"  of  H.  Davy),  which  is  succeeded  by  uncoiiJicionfinetw,  and 
afterwards  bv  an  inercased  eseretion  of  COj.     (3)  Ozon!!^ed  air  causes  similar  etfeet;*  {Biin). 

(e)  Reducing  Gasea.-  (I)  U.Jy  i:>ul|ihurctted  hydrogen)  rapidly  rolis  blood -co  rpuiieles  of  O— S 
and  H^^Oljeiijg  fornu'd— aud  dealh  oci^urn  rapidly  liefore  the  g»s  tan  deconi[>ose  the  haemoglobin 
to  form  a  sulphur  tnethiemnglohiii  eomiKinnd.  (2)  FH^  [idiosphuT'etted  hydrogen)  is  os^idiaed 
in  the  blood  to  fomi  phosnhonc  acid  ana  water,  witli  dcc^m position  «>f  the  Lemoglobiu. 

(3)  AsHj  (arscniiirettcfl  Iiydrogen)  and  SbHj  (autimoniiiretted  hydrogen)  act  J  ike  PH^  but 
the  hfcnioglobiu  jwisses  out  of  the  stroma  and  appears  iu  the  urine. 

(4)  C-Wj  (e^'anogen)  absorbs  O,  and  decompos*\s  the  bhwih 

Ht  Irrespirable  gases,  /.c,  ^ases  whiLh,  on  entering  the  larynx^  cause  reflejc  spusm  of  the 
glottis.  When  infrodueitl  into  the  traebea,  they  cause  inllauimation  nntl  dcAth.  Under  this 
oategorj'  come  hytlrmddorie,  hydrnflnorie,  sulplmrotTs^  nitrous,  and  nitiic  aciils»  ammonia, 
chlorine^  fluonup^  aud  ozun<'. 

136.  ACCIDENTAL  IMPURITIES  OF  THE  AIR.  -Aninn^'^t  the^i-  at*'  dust, 
particles^  which  occur  iu  enormous  amoiint  .'iu.^pcn<l«''l  in  tlie  uir,  and  thercliv  act 
mjuriously  uim^u  tlic  tcrtpinitory  organs.  Tho  ciliated  epithelium  of  the  ro,s|»irafcory 
passages  L4iiiiiiiatt\s  a  largt*  number  of  them.  Somi'  of  theiu,  howt»vcr,  reach  the  nir- 
vesieles  of  the  lung,  where  they  peiietmt^^  the  ei>itheliuni,  reatdt  t!je  interstitial 
lung-tissue  and  lyniphatic^^  and  so  pa^i^  with  tlie  lymph -.stream  into  the  hronehijd 
glands.  Particle^s  of  cf^al  or  ehireoal  are  found  in  the  lungs  of  all  elderly  individuals, 
aud  blacken  the  ahe*di.  In  mmlerate  amouutj  these  hiack  particles  do  not  seem 
to  do  any  harm  in  the  tissues,  hut  when  there  art^  large  aecuniulations  they  give 
rise  to  lung-atreetions,  which  lead  to  disintegration  of  thesi'  organs.  [In  eoal-uiiuervi, 
for  example,  the  lung- tissues  along  tlio  track  of  the  lym[)hatics  and  in  the  lironchial 
glands  are  (|uite  black,  constituting  "  eoal- miners^  liiHK-"]  ^^^^  l>iuidmtic,s  of  the 
ini*(hastituil  pleura  can  only  take  ix\\  such  pigment  as  reaches  them  from  the  jdeural 
cavities  {Fleiner),  In  many  trades  various  particles  occur  in  the  air ;  nunern, 
grinclers,  st< »ne-uiasoiis,  lili -makei-s,  weavers,  spinners,  toiiaceo  inanufncturers, 
millers,  ami  l>aker8  sutler  fri*ni  lung  afTeetions  eau-sed  by  the  introduction  of 
particlee  of  various  kinds  iidia!ed  during  the  time  they  are  at  work. 
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Germs  and  Micro-organiBms. — Thorp  wc^uks  no  dtmbt  tluit  tbo  seoik  of  some 
contagious  diseases  itmy  ]>e  iiilmkd  Dij^hthoritk  bai^tt'iia  (Ciicillos  diph  the  rise) 
l»ecoiiie  localised  in  the  jiluirynx  and  in  the  larynx— gl mule rs  in  the  nose — metiele-F 
in  the  bronchi — whoo|niig-cough  in  the  biiinchi — hay-monads  in  the  nose — the 
Bacillus  iirienmonia*  <«f  pneumonia  in  the  puhnonary  alveoli.  Tubei'^^idosis,  accord- 
ing to  K.  Koeh,  is  due  tii  the  introductirai  and  develij|iinent  of  tile  Bai'iilns 
tuberculosis  in  the  lungs,  ihi^  l>ac01us  being  derived  from  the  dust  of  tidMMt  ulous 
split?!*  The  same  seems  to  he  the  case  witli  the  Baeillus  of  leprosy  and  with 
Bacillus  nudarifpj  which  is  the  euuse  nf  malaria.  The  latter  organism,  Plasmodium 
malarisB,  is  endowed  with  amadK«id  movement's,  and  thus  i>asses  from  the  resjiiratory 
organs  into  the  blood,  and  changers  the  lib  ^vithin  tlu^  red  14oiKbera'puseles  into 
melanin  (ji  10,  3),  and  eanses  tbem  to  bn^ak  up  (Marrhia/ava  ftnd  C**ili).  The 
Mierococxais  vaceinnB  of  small-jMix  gains  access  to  tlie  l)lood  in  the  same  way,  abo 
the  Hpirilhiin  of  remittent  fever  (tig.  32),  the  microbe  of  scarlet  fever,  Scv, 

Seeds  of  disease  passing  into  the  nn«uth  along  with  air,  and  also  witli  the  foal, 
are  swiillowed,  and  inidergo  develejinieiit  in  the  intestinal  tract,  as  is  probably  the 
case  in  cbftlera  (Comma  bacillus  of  A*.  AV>r/i),  dysentery ^  tyjdioidj  and  anthrax,  the 
last  of  whicli  is  ^lue  t^p  Eacterium  anthm(  is. 

137.  VENTILATION  OF  E00M8, —Fresh  air  is  as  necessjrry  A>r  tlie  healthy 
as  for  the  sick.  Every  healthy  pers^m  ought  to  have  a  cubic  space  of  at  the  very 
le^st  800  cubic  feet,  and  every  sick  pei^in  at  the  very  least  1000  cubie  feet  of  space, 
[The  cubic  Space  allowed  per  individual  varies  greatly,  but  1000  cuhic  feet  is  a 
fair  average.  If  the  air  in  this  sf>ace  is  to  l>e  kept  sweet,  so  that  the  CO.^  dt>es  not 
exceeil  '06  per  cent,,  3000  cubii'  feet  *>f  air  per  liour  must  be  supplied^  Ac,,  the  air 
in  tlie  sj_»ace  nnist  he  renewed  three  tinn^s  per  houn] 

[Floor-^poce. — It  is  equally  importAiit  to  s^H-are  syllkient  floor- h(»afr,  and  ihU  is  cspeciftlly 
the  ca.se  in  hospitals.  If  pcwsible,  100-1 '20  wiuftre  feet  of  fluor-spaie  ought  to  he  provjtled  for 
each  fiatient  in  a  liospitabward,  and  if  it  is  obtainable  a  cnbie  sjia^o  of  1500  cahiti  feet  {Parker), 
In  rill  caseH  the  rninirovini  Ibor-sjMLce  should  not  he  less  than  ^  of  the  cnim  H[»ace.] 

Overcrowding. — When  there  is  overcrowding  in  a  rooin»  the  amount  of  C<  Jg  intTcases,  V, 
P^ttenkofcr  foiiiul  tht-  normal  amount  of  COaCO-J  to  "05  pr  1000)  inc  leased  in  eonifortablo 
rooms  to  D%*i-i-0'7  per  1000;  in  badly  ventilated  uiek-chttnd>erj*>^2"i  ;  in  overcrowded  audi- 
toriums, 3*2  ;  ia  piti?«»"l*9  ;  in  B<:hoolrooma,  7*2  per  1000.  Although  it  is  not  the  cpiantity  of 
CO,j  which  makes  the  nir  of  an  oveixirowded  room  injurious,  but  the  exerelioiia  from  the  outer 
antl  inner  surfaces  of  the  body,  which  give  a  distimt  o*lonr  to  the  air,  tpiite  reLognisablo  l>y  the 
sense  of  smelh  htill  the  amount  of  CO^  is  taken  as  an  index  of  the  pre^ienee  and  amount  of  these 
other  deleterious  suhstances.  Whether  or  not  the  ventiliition  of  a  room  or  ward  occupied  by 
p«rj»oi)a  la  Budicient,  lb  ascertained  by  estimating  the  anu>unt  of  CO^.  A  rDoni  which  dors  not 
give  a  disagreeable,  somewhat  Btufly,  odour  has  les«  than  0'7  per  1000  of  CO^  while  the  ventila- 
tion iB  certainly  imsutficjent  if  the  CO^-l  per  1<>00.  Ah  the  air  loiilains  only  0  0005  iwbio 
metre  CO5  in  1  cubic  metre  of  air^  and  aa  an  adult  produces  hourbf  0  0226  cubic  metre  CO*, 
calculation  shows  that  everj"^  (lerson  requiix^s  113  cubie  metres  of  frcah  air  t*pr  hour,  if  the  COjj 
ia  not  to  exceed  0  7  per  1000  :  for  0  7  :  1000-  (0  0226  +  .*  >  0  0005) :  4\  i.i\,  ./'  =  113. 

iVitiatiiig  Froducta, — In  a  stale  of  repose,  an  adult  man  gives  off  from  12  to  16  cubic  feet  of 
COa  in  twenty-four  hours,  or  on  an  average  '6  cubic  f€*jt  yter  hoar.  To  this  must  be  added  A 
certain  quantity  of  organic  matter,  whicli  is  extremely  deleterious  to  health.  While  th«  CO^ 
ditruses  reailily  mid  is  easily  disposer!  of  by  opening  the  windows,  this  is  not  the  case  with  the 
organic  matter,  which  adheres  to  clothtni^,  curtains,  and  furnituiHJ ;  hmice  to  get  rid  of  it,  a 
room,  and  especially  a  sleeping  apartment,  retjuires  to  be  well  airerl  for  a  long  time,  together 
with  the  free  admission  of  sunlight.  We  must  also  remember  that  an  nfbilt  giws  off  from  25 
to  40  02*  of  water  by  the  skin  and  lungs,  Tlie  nature  of  th«  organic  tuatteiB  is  not  preeisoly 
known,  but  some  of  it  is  particulate,  consisting  *d  e|iitbelium,  fattv  matleia,  and  organic 
vapours  from  the  lungs  and  moutli.  It  bbickens  sulphuric  acid,  and  rfcLolou rises  a  weak  Mdu- 
tion  of  potassic  jxTmangannte.  As  a  tpat,  if  we  expire  through  distilled  water,  and  this  water 
be  set  aside  for  some  tinit-  in  a  warm  jjlace^  it  will  soon  become  foetid.  We  must  also  take  into 
constderntion  the  products  of  combuation  ;  thus  1  cubic  foot  of  coal-gas,  when  burned,  destroys 
all  the  0  in  8  cubic  feet  of  air  {Parker).] 

Methods. ^In  ordinary  roomti,  where  every  person  ia  allowed  the  necessary  cubic  spaco  (1000 
cubic  feet),  the  air  is  nulhciently  renewed  by  nieana  of  the  porea  in  the  walla  of  the  room,  by  the 
opening  and  .'ihutting  of  door^,  and  by  the  hreplace,  provided  the  damper  ia  kept  open*     It  is 
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ojost  important  tn  notice  that  the  uatural  ventilation  he  not  iuterfered  with  by  dampneas  of  the 
walls,  for  this  hifiuiiices  the  pores  very  giTatly.  At  the  same  time,  d^^mp  walls  are  injurions  to 
health  by  cnndiittn]^  away  ht;at,  nmi  in  them  the  ^erms  of  iiifectious  rliseiweji  may  clevtlop* 

[Natural  Ventiiation. — By  tliis  term  is  meant  the  Yentilatioii  brotight  about  by  the-oniiriary 
fon:t*s  noting  in  nuturo  ;  Mieh  im  dilluBion  of  gases,  the  action  of  winds,  and  the  movements 
exeitiHl  owing  to  the  ditrerent  deiiiiitiea  of  air  at  unequal  tern pemt urea.] 

[Artificial  Ventilation. — Varions  methodH  ura  in  iihe  fur  ventilating  pnblic  building^  and 
dw(i:l ling-houses.  Two  priucijdes  ate  adopted  for  the  former,  viz.,  extxactioD  an*!  propuMon  of 
air.  Ill  the  former  method,  the  air  is  sncked  out  of  thu  rooms  by  a  fan  or  otlier  apparatus, 
while  in  the  latter,  uir  is  forced  into  the  rootna,  the  air  being  previonsly  heated  to  the  necessary 
teniiMHs^tmc] 

[Tobin'a  Tubes,  phtcd  iu  the  walln,  furnish  a  very  convenient  method  of  introtlucmg  air  into 
a  vtjoni.  The  air  cnteiu  tli rough  these  tubes  from  the  ont.skle  near  the  iloor,  niid  k  carried  up 
Njx  or  morn  feet,  to  an  opening  in  the  wjill  ;  the  etiol  nir  thus  di-^i  (?n«is  slowly.  For  a  aittiug- 
Toom,  a  eouvenient  plan  of  window  veutilotion  is  H.  Bird'a  Method:— Raise  the  lower  sash  and 
place  under  it,  so  tm  hs  fill  up  the  opening,  a  piece  of  wood  3  or  4  inches  high.  Air  will  then 
p*6s  in,  ill  an  upward  directioci,  between  the  iq^jHT  part  of  the  lower  saah-frn me  and  the  lower 
part  of  the  upt)er  one.] 

138,  FORMATION  OF  UnTCUS,  SPtJTtJM.— The  respiratory  raucous  mcm- 
liniiH*  is  «  oven  d  iionnidly  with  n  Ihiii  hiyer  of  iuueii.s  (tig.  147,  a).  It  so  fai* 
iuhihits  the  formation  of  new  iiimiis  l>y  protertini^  the  niueoiis  glands  from  the 
netioii  fif  e<dil  or  othrr  irrit-titivL^  n^^eiits.  Kew  mucus  is  sccretei!  n&  thnt  already 
formed  in  removed.  An  inerea.sed  si  eretion  accompanies  congestion  of  the  rcspini- 
tory  iiiucoua  jnend>i*ane  [or  any  bieal  irri tuition].  J >i vision  of  the  nerves  on  one 
side  of  tlic  trachea  (eat)  eauses  redne^ns  of  the  tracheal  mucous  inembmne  and 
inercikscil  secretion  (i^/W^arA),  [l>ut  tlii^  two  proee.sscH  do  n<d  stand  in  the  relation 
of  eiinse  and  effect].  The  secretion  t-annot  lie  excitetl  by  stiniiilatin^'  the  nervei* 
goint^  to  the  mucous  meinhranc.  [This  merely  euuses  anoeniia  of  the  nnicons 
membrane,  while  the  secretion  contimieis,] 

Modifying  Conditions. — Ifiee  ho  plaeed  on  tlie  belly  of  an  animal  so  as  to  cause  the  animal 
*^  to  fnke  a  eoM,"  the  respiratory  inucuns  membrane  tirst  becomes  ywile,  and  afterwards  there  is 
a  eopious  mueous  secrttiun,  the  nirmbranc  heeoniing  deeply  conge^ieiL  The  injeetimi  of  .sodium 
t^arbonate  and  amnimiinni  clduride  into  the  blood  limita  the  seeretiou.  The  local  application 
of  alum,  sdver  nitrate,  or  tannic  acid,  makej?  the  nineons  menibtane  turbid,  and  the  ef»ithelium 
ia  flhed.  The  secretion  is  excited  by  aponiorphin,  enietinj  piloearpin,  and  ijiecttcuauha  when 
given  jntemally,  while  it  is  limited  by  atropin  and  morphia  (Jkisabath). 

[Kxpectoranta  favour  the  removal  of  the  secretions  from  the  air-pnsaages.  This  they  may  do 
either  by  {a]  altering  the  ehfiracter  ami  qualities  of  the  secretion  itself,  or  {b}  by  allecting  the 
expulsive  mechanism.  Some  of  the  ilruga  already  mentioned  are  examples  of  the  fir«t  class. 
The  second  cloaa  act  chielly  by  inllnenciug  the  respiratory  eenti-e,  ctj.,  ii>eeAcnanha,  strychnia, 
amrnotiin,  senega  ;  eraettcK  also  act  energetically  aa  expectorants,  as  in  some  cases  of  chronic 
bronchitis  ;    warmtli  and  moisture  in  the  air  are  also  powerful  adjuncts.] 

Sputum. — ITtider  normal  circnmsUuices,  some  mucus — mixed  with  a  little  stiliva^ 
may  be  eoy|(hed  up  from  the  liack  of  tlie  throat.  In  cutiirrlial  conditions  of  the 
rt\Hpirat(jry  mucon.'^  memltrane,  the  sputum  is  greatly  increase^l  in  amount,  and  is 
often  mixed  with  other  characteristic  prtHluets,  Microscopicallj,  sputum  con- 
tains— 

L  Epithelial  Oells^  chi^L-fly  s<ipiinies  fixiiu  the  mouth  and  pharynx  (tig.  171), 
mi>re  rarely  alveolar  epitheliutn  and  ciliated  epithelium  (7)  from  the  rcspimt^try 
passages.  They  are  oftcai  altereti  owing  to  maceration  or  other  changes.  Thu8 
some  cells  may  have  lost  their  cilia  (6). 

The  epithelium  of  the  alveoli  (2)  i.H  squamons  epithelium,  the  cells  being  two  in  fom  times 
the  breadth  of  a  col  our  ha?  blood-corpuwle.  These  cella  occur  f*bieily  in  the  morning  sputum 
in  imlividualH  over  SO  years  of  age.  In  younger  persona  their  presence  indicates  a  jmthological 
condition  of  the  rmlmonary  narenehyma. 

They  often  undergo  fatty  degeiierjtion,  and  tliey  may  contain  pigment- granules  (3)  ;  or  tbey 
may  present  the  apj«iarnuce  of  whatBtihl  has  called  *'  mytUn  detjein' rated  re fh,*^  i.e.,  cells  filled 
with  clear  refractive  drops  of  various  aizea,  some  colourless,  oth  era  with  coloured  particlea,  llie  latter 
having  been  ab»orl>ed{4).     Mucin  in  the  form  of  myeUn  drops  (6)  is  alnraya  present  in  sputum. 
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2.  Lymphoid  cella  (D)  nre  roloiidcsjs  blood-eorpiisrlei*  \vlach  Imvc  wainlered  out 
of  tin?  IjlDtxUvci^^sels  ;  they  are  most  niimerrjua  in  yellow  H[iutiim,  and  less  nuiin?rou8 
in  the  clear  mueus-like  excretion.  The  lymph-cells  often  present  alterations  in 
their  chanietera ;  they  may  he  slirivelled  np,  fatty,  or  present  a  graniihir  ap£>e^r- 
iince. 

The  fluid  substance  ijf  the  sputum  contiiinti  mneh  miicu%  arising  from  the 
umcouK  glands  and  goblet  cells,  together  with  nuelein,  anil  lecithin,  and  the  eon- 
atitnents  of  saliva,  according  tc>  thr  amonnt  of  the  latttr  mixed  with  the  serretion. 
Alhinnin  oeenrs  oidy  during'  the  ini!amnuitii>n  uf  the  ri's|iimtoiy  pa,SHa)^eHj  and  its 
amount  inerease.s  with  the  degree  of  intlanimation.  Urea  hti8  heen  f<«iind  in  eases 
of  nephritis. 

hi  cAHt^s  ofcatftrrlj,  the  sputum  is  at  Jh'st  UHually  atiL-kv  and  rlciir  i-^puta  enuia)jbut  Inter  it 
Wdoinca  raort*  iirm  and  yellow  (sputa  coeta)*     Under  pathofogical  conditiomi,  there  mfty  bo  found 


Fig.  17J. 

Various  objects  found  io  spnturo*  1,  dt^tritua  and  partit  les  of  ilust  ;  2^  alveolar  epitbdiani 
with  pijEpuitnt ;  3,  fatty  antl  pignictitoil  alveolar  epitlieltiun  ;  4,  alveolar  opithflium  with 
mytilin-fonns;  5,  free  aiyeliti-foims  ;  6,  7|  ciliated  epitbdiyni,  wme  without  ctjia  ;  8, 
^piamoua  e|ntlielium  from  tlu?  mouth  ;  9,  kacocytea  j  10,  elastic  libres;  11  fibri«*caat  of  a 
sainll  bronchus;  !2,  li'ptatbrix  buccalis  with  cocci,  bacteria,  and  spirocbaetit^  ;  «»  fatty 
.1(1*1  crystals  and  in*M  fatty  gmnules  ;  h^  hjirimatoiclin  ;  c,  Charcot  8  crystal ;  d,  cholesteiin, 

in  tht'  aputuni — (a)  red  blood-corpuflcles  from  rupture  of  a  blooibvessel,  {h)  Ebuitic  fibr^B  (10) 
from  tlisintegratiou  of  the  alveoli  of  the  luu^  ;  usual ly  tlw  bundles  are  fine,  curved,  and  the 
tibrcH  branched*  [In  certain  cases  it  is  well  to  add  a  sohition  of  caustic  pr»taab,  which  dissolves 
most  of  tbe  other  cloinenis,  leaving  the  clastic  fibres  untoucbeiL]  Their  preaetiCf^  alwaya 
indicatts  destruction  of  tbe  hin^'  tissue,  (c)  Colourless  plugi*  of  flbrin  (ll),  ca.stii  of  tbe  smftUer 
or  larger  bronchi^  occur  in  .some  cases  of  tibrinous  cxmiatioii  into  tbe  fiiKT  nir-passaRess. 
(rf)  OryBtolfl  of  various  kiudn — cryHtals  fyffattt/  adds  iu  bundles  of  Tnw  needles  (fig,  1 71 ,  «).  They 
indicate  great  decomj»oHition  of  the  stagnant  seci^tiou*  Leui'in  and  tyro«in  ciys^tals  are  rare 
(g  269),  Tyroaio  oectii-s  in  considerable  amount  when. an  old  abHcesA  l>reakH  into  the  lungs. 
Colourless,  sbarp-iioiuted,  octagonal  or  rliondjie  platen— Charoot'a  cryatalfi  (r)— have  Ixjen  found 
in  tbe  ex^ctoradon  in  asthtoa,  and  exudative  alfectiona  of  the  hroncbh  HjDiziatoidlii  {b)  and 
choleiterm  crystal fs  {d)  occur  much  more  rarely. 

Fungi  and  other  lowly  organiBma  are  taken   iu  during  iuspiration  {%  136).     The  th rends  of 
Leptotbrix  buecalis  (12),  detjicbed  from  tbu  teeth,  are  frequently  found  (§  147).     Mycelium  and 
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spores  are  fouud  In  thmsli  (Oidiaui  albicans),  especially  in  the  mouths  of  sucking  infants.  In 
jnaloilorotis  expectoration  rod-shapwl  bacteria  arc  jircsont.  In  pulmonary  gangrene  are  found 
tnonads,  and  cei-comonads  ;  in  pulmonary  pbtlusis  the  tubercle  bdcjllua  ;  very  rarely  RnrciuM^ 
whkh,  liowever,  i-^  often  found  in  gajjtrie  cntairli  in  tlie  stonmeh  and  also  in  the  urine  (§  270). 

Physical  Ohamct€TB.— Sputum,  with  rcferctire  to  it^  physical  characters,  is  decrib«d  an 
wttJL'mL%  jfitfcff'j/ttnfjfid,  or  pHruJcnL 

Abnormal  coloration  of  the  sputum— red  from  Idood  ;  when  the  bhuid  remains  lonjif  in  the 
lung  it  undergoes  a  regular  aenV,**  of  cbantjL'^,  and  tinges  tbf  Hputmu  dark  red,  hluisli*browu, 
browniah-yellow,  a  pruuc-juice  tint,  deep  yellow,  yeUowish-grecu,  ^U'  j^raas-green.  The  sputum 
b  sometimes  yellow  in  jftundice.  The  sputum  nmy  be  tinged  by  what  in  iiii^plred  [an  iu  the  cirae 
of  the  **  hlnek'Wpit "  of  miners]. 

The  odour  of  the  S|mtum  is  more  or  lesa  uupkirtftant.  It  lw?come.H  very  disagreeable  when  it 
has  remained  \mv^  in  [katholo^rieal  hinpf-cavities,  and  it  is  stinking  in  gfltigrene  of  the  lung. 

139.  ACTION  OF  THE  ATMOSPHEEIC  FEESSUEE.— At  the  normal 
pressure  of  the  atinonphere  (height  of  tlie  bitrometer,  760  niilliiiif'treB  Hg),  pressure 
ia  exerted  upon  the  entire  tsurface  of  the  body  -  15,000  to  20,000  kilot*.,  according 
to  the  extent  of  the  supertieial  area.  This  juesaiire  act^  equally  on  all  sides  upon 
the  body,  ttiitl  also  (X!eurs  in  all  infernal  ravifiej^  cmifaiitimj  aii\  hoth  those  that  are 
constauily  tilled  with  air  (t!ie  resjnratory  passa^as  and  the  spaces  in  the  sttperior 
maxillary^  front^il,  and  ethmoiil  bones),  and  tlnjse  tluit  are  teinpomrily  in  direct 
enmmnni^atieui  with  the  outer  air  (the  di^'e.stive  tract  and  tymjiaiiuiii)^  A^  the 
fiuide  of  the  body  (blood,  lymph,  secretions^  parenchyniatcuis  jiiicc-^)  are  practically 
iui  ompres-^ihle^  their  volume  reuiaiiis  imehangetl  under  tlu-^  pressure  ;  luit  they 
absorb  gases  from  the  air  corresponding  to  the  prevaiHng  presvsnre  (/.^.,  tlie  |>artial 
preasun^  f»f  the  individual  gases),  and  according  to  their  temperature  (J5  33).  Thi^ 
solids  eonsist  of  elementary  parts  (cells  and  fibres),  each  of  which  presents  only  a 
microscoiiic  surface  to  the  pres^sure,  so  that  for  each  cell  the  prevailing  pressuir 
of  the  air  can  ituly  Vm»  calculated  at  a  few  niilliuietres — a  pressure  under  which 
the  most  delicate  histological  tissues  innh  rgo  develojunent.  As  an  example  of 
the  action  nf  the  pressure  of  the  atmospheric  pre^^tsure  u|kui  large  masses,  take 
that  Ijrought  about  by  the  adhesion  of  the  smooth,  sticky,  moist,  articular  »urface^ 
of  the  shoulder  and  hip-joints  ;  the  arm  and  the  leg  are  supported  without 
the  action  of  musck^*'.  The  thigh-bone  remains  in  it'*  socket  after  section  of 
all  the  muscles  and  its  capsule.  Even  when  the  cotyloid  cavity  is  perforated, 
the  head  of  the  femur  does  not  fall  out  of  it?  socket.  The  ordinary  barometric 
variations  alfect  the  resi>i ration — a  rise  of  the  har*mietric  pressure  excites, 
while  a  fall  dimintslies  tlie  respirations.  The  ahscdnte  amount  <»f  CO^,  remains 
the  saitie  (S  126,  8). 

Great  diimiiiEtion  of  the  atmosplierio  pressEre,  such  as  occurs  in  ball<ximiig 
(highest  ascent,  yCOO  metres),  or  in  i'Lt^cending  mouutains,  causes  a  series  of 
chann'teristie  phenomena: — (1)  In  consequence  of  tlie  diminution  of  the  pn»ssure 
upon  tlie  parts  directly  in  contact  with  the  air,  they  become  greatly  congested, 
henee  there  is  redru^ss  and  swelling  of  the  skin  and  free  mucous  membranes  ;  there 
may  he  hsemorrhagi"  from  the  nose,  lungs,  gums ;  turgidity  of  the  cutiuieous 
veins  ;  copious  secretion  of  sweat;  great  sc^cretion  of  nnurus.  (2)  A  feeling  of 
weight  in  the  limbs,  a  pressing  outwards  of  the  tympanic  membrane  (until  the 
tension  is  equilibrated  by  opening  the  Eustachian  tulie),  and  iis  a  eonseqiiencp 
noises  in  the  ears  and  difhculty  of  hearing,  (3)  In  consequence  of  the  cUminished 
tension  of  O  in  the  air  (g  128),  there  is  difficulty  of  breathing,  pain  in  the  che^t^ 
whereby  the  respirations  (and  pulse)  become  more  mpid^  deefier,  and  irrcgidiir. 
"When  tlie  atmosplieric  pre«fture  m  diminished  i-J,  the  amount  of  O  in  the  blooti 
is  diminished,  the  CO,,  is  imjierfectly  removed  from  the  blooil,  and  in  consequene« 
there  is  diminished  oxidation  within  the  IhhIv.  When  the  atmosplic?ic  )*re96ure 
is  diminished  Ui  onedialf,  the  amount  of  QO.^  in  arterial  blo<xl  is  lessened  ;  and 
the  amount  of  X  dimiinshe^  proportionally  with  the  tlecrease  of  the  atmottpheric. 
pressure.     The  diminishe*!  tension  of  the  air  prevents  the  vifiratious  of  the  vocal 
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cords  from  occurring  so  fore i lily,  and  hejicio  the  voieo  is  feelile.  (5)  In  conae- 
quence  of  the  amount  of  blooil  in  tlie  skin,  the  internal  organs  are  relatively 
tttiEPniic  ;  lienee»  tliere  is  diminished  secretion  of  iirinr,  muscular  weakness,  disturh- 
ances  of  digestion,  dulness  of  the  .neuBeSj  and  it  may  be  unconsciousness,  and  all 
the^e  phf^nomena  are  intensified  hy  the  condition>!  mentioned  under  (3).  8ome  nf 
these  plienniiifna  are  nifKlified  hy  usage.  The  highest  limit  at  which  a  man  may 
still  retain  hi.s  senses  is  placed  hy  TisHiUidier  at  an  elevation  of  8000  metres  (280 
nmi»  Hg).  In  dogs  the  hlood'i>re8sure  falls,  and  the  puli^e  heeouH's  Kuiall  and 
diminished  in  frerjueneyj  when  the  atiuospherie  pressure  falls  to  200  iuul  Hg, 

Those  who  live  upon  liigh  mouiitaiRs  suifer  from  11  disonw/ *  mal  de  montagne, "  wljiclicotisista 
esa«utjally  in  the  aWve  hjitiptoms,  althoujrli  it  ih  soinctiiii*>>t  com|ilicated  with  ftnfeniirt  of  the 
internal  organs.  AL  v.  Htjmbtdtit  fouml  that  in  tlumi  who  livt-d  on  the  Amies  the  thorax  was 
capaeioua.  At  6000  to  8000  tcet  above  stadevfih  watt-r  containHonly  one-third  of  thtj  absarl>Bd 
ga»ss,  so  that  Jinhi^s  cAnnot  live  in  it ,  Animals  maybe  snbjected  to  a  tnrther  iliminntioa  of  the 
atmospheric  pressure  by  being  plaL'ed  under  the  receiver  of  au  arr-jiunip.  Birds  die  when  the 
press  are  IB  reduced  to  120  mm.  U}*;  iiuimmal«  at  40  mtn.  Hg ;  frogs  cndnre  repeated  evacua- 
tiotjs  of  the  receiver,  whereby  they  are  iiiueb  ilistended,  owing  to  the  escape  of  gasex  and  water, 
but  after  the  entrance  of  air  they  beroine  greatly  comijressed.  The  cause  of  deatli  in  nianimals 
is  a«*cribed  hy  Hoppe-Seyloi'  to  the  evolution  of  bubbles  of  gaa  in  the  blood;  thesu  huhl)les  stop 
up  the  capillaries,  and  the  circulation  in  arrested.  Lo<uil  fiihiiitutioit  fi/tJte  atmo:i}^crk  presmtre 
causes  markcfl  congestion  iind  swelling  of  the  part,  aa  occurs  when  a  cnppiug-gla3s  is  used. 

Great  increase  of  the  atmospheric  pressure  causes  jdieuomena,  for  the  moat 
part,  the  reverse  of  the  hirL^oing,  as  in  pneumatic  cabinets  ami  in  diving-bells, 
where  men  may  work  even  imder  4 J  atmospheres  pressure.  (1)  I'aleness  and 
dr^^ness  of  the  external  surfaces,  collapse  of  the  cutaneous  veins,  diniinution  of 
perspiiration,  ami  mucous  seeretititis.  (2)  The  tympanic  niemliraiu^  is  pressed 
inwards  (until  the  air  escapes  thr«aigh  tlie  EusUichian  tube,  after  causijig  a  sharp 
sound),  acute  sounds  are  heard,  pain  in  the  eaiv,  oml  <litliculty  of  hearing.  ('*^)  A 
feeling  of  lighturs-s  and  freshness  <luring  respimtion,  tlie  respiration  beeonies 
slower  (by  2-4  ]kt  minute),  insjariition  easier  and  shitrter,  expiration  h^ngtliened, 
the  pause  distinct.  The  capacity  of  the  lungs  incn;asef*,  owing  to  the  freer 
movement  of  the  diaphragm,  in  cousei|uence  of  tht;  diminution  of  tlie  intesimal 
gases.  Owing  to  the  more  rapiii  (txidations  in  the  IhkIv,  muscular  movement  is 
easier  and  more  active.  The  (J  ahsoilied  and  the  C(->2  excreted  art*  iiicreaseib  The 
venous  blood  is  reddenech  (4)  DilHculty  of  speaking,  altemtion  of  the  tone  of  the 
voice,  inability  to  whistle.  (5)  Increase  of  the  urinary  secretirm,  more  nuiscidar 
energy,  more  rapiii  metabolism,  hu-reased  appetite,  subjective  feeling  of  warmth, 
pulse  l>eats  slower,  and  pulse  curve  is  lower  (comjuire  S  7^1)*  In  animals  sul>jected 
to  excessively  high  atmospheric  pressing',  1*.  Bert  fiaiml  that  the  avt<U'iaI  l>hHHl 
contained  30  vols,  jmt  cent.  O  (at  760  mm.  Hg);  when  the  antount  rose  to  35  vols, 
per  cent*,  death  occurred  with  convulsif<ns.  Conqtressed  air  has  bt-en  useil  for 
therapeutical  pur]>oses,  hut  in  doitig  so  a  too  iBpid  increfuse  of  the  presj^urc  is  to 
be  avoideth  AV'aldenburg  has  eonstructed  sueh  an  ap^i^imtus,  which  may  1*  used 
for  the  resju ration  of  air  under  a  greater  or  less  pressure. 

I^Pf  when  placed  in  compreased  O  (at  14  atmospheres)  exhibit  the  same  phenomena  as  if 
they  were  in  a  vacuum,  or  pure  N.  There  is  paralysis  of  the  central  nervous  system,  sometimes 
preceded  by  convulsions.  The  heart  ceases  to  beat  (not  the  lymph  hearts),  while  the  excita- 
bility of  the  motor  nerves  is  loi*t  at  the  same  time,  and  lastly  the  direct  muscular  exeitabtlity 
disappears.  An  excised  frog^aji  heart  placed  in  O  under  a  very  high  pressure  (13  ahnosphores) 
scarcely  beats  one-fourth  of  the  time  during  which  it  pulsates  in  air.  If  the  heart  lie  exiiosed 
to  the  air  a^in  it  begins  to  heat  so  that  toraj>ressed  0  renders  the  vitality  of  tlie  heart  latent 
heforK  abolishing  it. 

rhosphorus  relains  its  luminosity  under  a  high  pressure  in  O,  but  this  is  not  the  case  with 
the  luminous  organisms,  r.r/.^  Lampyriii,  ami  Imniuous  bacteria.  High  atmospheric  preasure  is 
also  injurioua  to  |i!anls. 


140,  OOMFAEATIVB  AHI*  HISTORICAIj.  — Kawimali  have  lun^s  similar  to  those  of  man. 
The  luQgj*  of  birdjB  arc  spongy,  and  united  to  the  cbf-Ht-walb  while  there  are  of>eningH  on  their 
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surface  communicating  with  thin- walled  ''air-eaos,"  which  are  placed  amonfpit  the  visoera. 
The  tdr-sacs  communicate  with  cavities  in  the  bones,  which  give  the  latter  great  TightnesB.  The 
diaphragm  is  absent.  In  reptiles  the  lungs  are  divided  into  greater  and  smaller  coinpartraents  ; 
in  snakes  one  lung  is  abortive,  while  the  other  has  the  elongated  form  of  the  body.  The  amphi- 
bians (frog)  possess  two  simple  lungs,  each  of  which  represents  an  enormous  infundibulum  with 
its  alveoli.  The  frog  pumps  air  into  its  lungs  by  the  contraction  of  its  throat,  the  nostrils  being 
closed  and  the  glottis  opened.  When  young — until  their  metamorphosis — frogs  breathe  like 
fishes  by  means  of  gills.  The  perennibranchiate  amphibians  (Proteus)  retain  their  gills  through- 
out life.  Amongst  flshee  which  breathe  by  giUa  and  use  the  0  absorbed  by  the  water,  the 
Dipnoi  have  in  addition  to  gills  a  swim-bladder  provided  with  afferent  and  efferent  vessels, 
which  is  comparable  to  the  lung.  The  Cobitis  respires  also  with  its  intestine.  Inaeota  and 
centipedes  respire  by  **  trachea,"  which  are  branched  canals  distributed  throughout  the  body  ; 
they  open  on  the  surface  of  the  body  by  openings  (stigmata)  which  can  be  closed.  Spiders 
respire  by  means  of  tracheae  and  tracheal  sacs,  crabs  by  gills.  The  molluscs  and  cephalopoda 
have  gills  ;  some  gasteropods  have  gills  and  others  lungs.  Amongst  the  lower  invertebrata  some 
breathe  by  gills,  others  by  means  of  a  special  **  water-vascular  system,"  and  others  again  by  no 
special  organs. 

HistoricaL — Aristotle  (384  b.c.)  regarded  the  object  of  respiration  to  be  the  cooling  of  the 
body,  so  as  to  moderate  the  internal  warmth.  He  observed  correctly  that  the  warmest  animals 
breathe  most  actively,  but  in  interpreting  the  fact  he  reversed  the  cause  and  effect.  Galen 
(181-208  A.D.)  thought  that  the  **soot"  was  removed  from  the  body  along  with  the  expired 
water.  The  most  important  experiments  on  the  mechanics  of  respiration  date  from  Galen  ;  he 
observed  that  the  lungs  passively  follow  the  movements  of  the  chest ;  that  the  diaphragm  is  the 
most  important  muscle  of  inspiration  ;  that  the  external  intercostals  are  inspiratory ;  and  the 
internal,  expiratory.  He  divided  the  intercostal  nerves  and  muscles,  and  observed  that  loss  of 
voice  occurred.  On  dividing  the  spinal  cord  higher  and  higher,  he  found  that  as  he  did  so  the 
muscles  of  the  thorax  lying  higher  up  became  mralysed.  Oribasius  (860  a.d.)  observed  that  in 
double  pneumothorax  both  lungs  collapsed.  Vesalius  (1540)  first  described  artificial  respiration 
as  a  means  of  restoring  the  beat  of  the  heart.  Malpighi  (1661)  described  the  structure  of  the 
lungs.  J.  A.  Borelli  (t  1679)  gave  the  first  fundamental  description  of  the  mechanism  of  the 
respiratory  movements.  The  cnemical  processes  of  respiration  could  only  be  known  after  the 
discovery  of  the  individual  gases  therein  concenied.  Van  Helmont  (t  1644)  detected  CO^ 
[Joseph  Black  (1757)  discovered  thatCOj,  or  ''fixed  air,  "|is  given  out  during  expiration.]  tn 
1774  Priestley  discovered  0.  Lavoisier  detected  N  (1775),  and  ascertained  the  composition  of 
atmospheric  air,  and  he  regarded  the  formation  of  CO,  and  Ufi  of  the  breath  as  a  result  of  a 
combustion  within  the  lungs  themselves.  J.  Ingcn-Houss  (1730-1799)  discovered  the  respiration 
of  plants.  Vogel  and  others  proved  the  existence  of  CO,  in  venous  blood,  and  Hoffmann  and 
others  that  of  0  in  arterial  blocMd.  'J'he  more  complete  conception  of  the  exchange  of  gases  was, 
however,  only  possible  after  Magnus  had  extracted  and  analysed  the  gases  of  arterial  and  vonous 
blood  (§36). 


Physiology  of  Digestion. 


I^The  substances  which  are  used  as  food — the  food-stnfb  or  alimentary 
principles  belong  to  several  different  gi'oups  and  may  be  conveniently  classified 
as — 

1.  Proteids  or  albuminous  bodies. 

2.  Carbohydrates. 

3.  Fats. 

4.  Mineral  or  saline  bodies,  and  water. 

Some  of  these  bodies  are  insoluble  in  water,  and  others  do  not  readily  pass 
through  animal  membranes  in  their  unaltered  condition.  As  the  food  is  carried 
along  the  alimentary  canal  it  is  subjected  to  the  action  of  certain  juices  which  are 
formed  by  the  secretory  activity  of  the  cells  lining  the  alimentary  canal  or  by  the 
glands  which  open  into  it.  These  juices  (saliva,  gastric  juice,  pancreatic  juice,  bile, 
and  the  secretions  of  the  small  and  large  intestine)  are  formed  in  glands  (fig.  172), 
are  poured  out  into  the  canal,  and  act  on  the  food-stuffs  by  dissolving  some  of  them, 
and  rendering  others  more  or  less  soluble  and  diffusible.  The  digested  products 
pass  into  the  blood,  either  directly  into  the  rootlets  of  the  portal  vein  or  indirectly 
by  the  lacteaLs.  The  small  undigested  part  of  the  food  is  discharged  in  the  fsBces. 
The  digested  products  thus  finally  reach  the  blood,  so  that  in  this  way  new 
matter  is  brought  within  the  reach  of  the  tissues.  Stated  broadly,  then,  the 
process  of  digestion  consists  in  rendering  food-stnfb  soluble  and  diffusible,  so  that 
they  can  pass  into  the  blood.] 

141.  THE  MOUTH  AND  ITS  GLANDS.— The  mucous  membrane  of  the  cavity 
of  the  mouth,  which  becomes  continuous  with  the  skin  at  the  red  margin  of  the 
lips,  has  a  number  of  sebaceous  glands  in  the  region  of  the  red  part  of  the  lip. 
The  buccal  mucous  membrane  consists  of  bundles  of  fine  fibrous  tissue  mixed  with 
elastic  fibres,  which  traverse  it  in  every  direction.  PapillSB — simple  or  compound 
—occur  near  the  free  surfaces.  The  sub-mucous  tissue,  which  is  directly  con- 
tinuous with  the  fibrous  tissue  of  the  mucous  membrane  itself,  is  thickest  where 
the  mucous  membrane  is  thickest,  and  densest  where  it  is  firmly  fixed  to  the 
periosteum  of  the  bone  and  to  the  gum ;  it  is  thinnest  where  the  mucous  membrane 
is  most  movable,  and  where  there  are  most  folds.  The  cavity  of  the  mouth  is 
lined  by  stratified  squamous  epithelium,  which  is  thickest,  as  a  rule,  where  the 
longest  papillsB  occur.  [The  mouth  is  formed  by  an  involution  of  the  external 
skin,  and  its  epithelium  is  of  epiblastic  origin.] 

All  the  glands  of  the  mouth,  including  the  salivary  glands,  may  be  divided  into 
different  classes  according  to  the  nature  of  their  secretions. 

1.  The  serous  or  albuminous  glands  [true  salivary],  whose  secretion  contains 
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a  certain  amoujit  of  anjiimiii,  e.r/,,  the  liiiuum  parotiiL  [The  parotid  of  the  cat,  dog, 
mbliit,  sulj-iniixillary  of  the  ralil'it  and  guinea  ]*i^'.] 

2.  The  mucooB  glands,  whoso  secretion,  in  addition  to  some  albumm,  coutauia 
the  characteristic  constituent  mucin.  [Siibdiogiial  of  the  mbbit,  mi,  dog,  and  sub* 
maxillary  of  the  dog  and  cat.] 

3.  The  mised  [or  imico-a  all  vary]  glands,  some  of  the  acini  accreting  an  albumin 

ous  Huid  and  others  mucin, 
e.g.^  the  .suli-maxillary  an*l 
t^ubdin^Mud  uf  man  and  n\n\ 

Xiimorou8  mucous  glands 
(labinl,  buccal,  judatinc,  lin- 
gual, molar)  have  the  appear- 
ance of  small  macroscopic 
bodies  lyiug  in  the  sul> 
niueosa.  They  are  branched 
tubular  glands^  and  the  eon- 
ten  tn  of  th<'ir  Hecret-ory  cells 
eonsist  partly  of  mucin^ which 
is  expelled  frnni  tlieni  during 
secretion.  The  excretory 
ducU  of  these  gIan<U,  which 
arc  lined  by  eylirulrind  epithe- 
linni»  arc  constrieU'd  where 
tliey  enttu"  the  mouth.  Not 
unfr«"i|ncntiy  one  duct  re- 
<M'ives  the  secretion  of  a 
n  V  igl  1 1  )0  n  r  i  n  g  gland. 

Tlie  glands  of  the  tongue 
form  two  grLJtqjs,  whirh  ilitFer 
morphologically  and  pbysio- 
logi  L-ally .  ( 1 )  The  mUCOUS 
glands  (Webers  glands), 
occur  ring  chiefly  near  the 
ro<  »t  of  the  timgue,  are  bran- 
ched tubular  glands  lined 
with  <  leal  transparent  secro- 
ti»ry  eel  Is  whane  nuclei  are 
Fig.  172.  placed  near  the  attache<l  end 

Geneml  selieme  of  tliu  digestive  tract,  wiik  the  chief  glaads  of  the  ctdls.  The  acini  have 
^^ofrtjoiag  into  iti  tog«tlier  with  lUe  lactt^als  arising  from  ^^  distin<"t  membrana  liro 
t  the  iatc^tine  and  joinini;  the  thonidc  duct.  ^^^.j^      ^3)  Thr-  serOUS  glands 

(Ebner's)  are  acinous  glands  occurring  in  the  region  of  the  circum vallate  pijulla* 
(an<l  in  animals  near  the  |iapilhe  foliatii?).  They  are  lined  witli  turlad  granular 
cjjithelium  with  a  centml  nucleus,  and  se«  rete  siiliva.  (3)  The  glandB  of  Blandin 
and  Nuhn  arc  plated  near  the  tip  of  the  tongue,  and  consist  of  mufous  and  snrout? 
ai'iui,  so  that  tliey  are  mixed  glands  {Potlteinotdi/}. 

The  blood-veaaela  are  mode  rat*?  ly  HbuiKkat,  aud  the  larger  trunks  He  in  tlie  sub  mucosa, 
whilst  the  finer  twiga  penetmte  into  tlie  ij^pillni,  where  they  form  either  11  cnialliry  network  or 
aiiiiffck'  h:^aps. 

The  larger  lymphaticB  lie  i a  the  sub-rjineosa,  whilnt  the  Biii^r  hrauchr^  form  d  Rue  network 
|)kc«l  in  the  mucosa*  The  lymph-folllclea  al&o  belong  tw  the  lymphatie  sywt^'m  (|  1&7),  On 
the  dorsam  of  the  jxisterior  part  of  the  tonj^uc  they  form  an  almost  eontiauous  layer*  They  are 
round  or  oral  (1-1  "5  mm.  in  diaaieter),  lyitig  in  the  aub-niacosa.  ami  euasist  of  adenoid  tiaau© 
loaded  with  lyuijdi-cormi^ieles.  The  oater  part  of  the  adenoid  retieuhiai  i»  oompressed  so  as  ta 
form   a  kind  of  ca[«ale  for  f?ach  follicle.     Similar  follides  oc^ur  in  the  intestine  aa  aoUtaty 
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follicles;  in  the  small  intestiHe  tht^y  arc  collected  together  luto  Peyer's  pAtchesi  antl  in  the 
flpleen  they  occur  ns  Miili^ighinn  corjmscles.  On  the  doraum  of  the  tong^no  several  of  tlieae 
follicles  form  a  slightly  oval  elevation,  which  is  ffunomifipd  by  eoiiiicetive-tisaue.  In  the 
tentrc  of  this  ekvation  there  bi  a  ik[>ressioii^  into  which  a  mucous  gtaiid  oiietia,  which  lilla  the 
Mimll  crater  with  mucus  (fig.  173). 

The  tonsils  huve  funihiinentaOy  the  aame  striH^ture.  tJu  their  surfitte  are  a 
imuilKa^  of  ilp|(ri's.sious  into  which  the  ducts  of  siurtll  iimrMjiis  ghmdj^-  o|>eTL  These 
depresaioiis  are  suiTouoded  Ijy  groujm 
(10-20)  of  lymiih-ftdlifleii,  mid  the 
whohj  is  environed  by  a  rapsulc  of  con- 
nective-tissue (fi^'*  174).  Large  lymph- 
spaces*,  comrnunic4itmg  'witli  lynijih- 
aticsj  oeeur  in  the  neighbourhood  of  the 
tronsik,  but  as  yet  a  direct  conneetion 
between  the  8))iiceH  in  the  follicles  umi 
the  lymph- vessels  hits  not  l»een  proved 
to  exist.  8iiuihir  structures  ik  eur  in 
the  tubal  and  pharyngeal  tonsils.  [An 
enorniouH  luiuiljer  of  leucocyt-t  s  wander 
out  of  the  tonsils,  solitary  luul  Peyer's 
glands,  and  the  adenoid  tiHsiie  of  the 
bronchial  iLiueoiis  meoilmine  (iig.  174). 
The  celk  puss  out  between  the  e|ijthe- 
lial  cells,  but  do  not  pass  into  the  in- 
terior of  the  IrttU^r  {Stbhi%\ 

[Development  of  the  Tonsi]. — The  deTelopment  of  the  palatal  tonEil  is  moBt  easily  fitudied 
in  tht;  nibbit,  vvlicre  the  single  primary  crypt  gtiierally  renmiiis  without  branches  through  life, 
aod  th«re  the  tont^il  lirfjt  ap|)t^ars  in  embryos  |  of  an  inch  long  (oceipito-sacral  mesBUretuent)|  or 

of  about  12  day  s,  as  a  8 1 1  all  ow  ^ ^ 

epithehal  fold  who^e  nf)ex 
points  directly  backwiuxlit  in- 
to the  cm  I  uec  live -tissue  con- 
contncally  coudctiEied  round 
the  plhirynx.  At  this  staj^e 
there  is  nu  infiUratiiin  of 
leucocytes  in  the  coMuective- 
tissue  roTunl  the  crypt,  and 
it  b  not  until  the  embryos 
are  about  ^1  duys  ohl  (IfV 
inches  long),  tliat  the  leu- 
cocyte infiltration  be^comes 
eTiJcnt.  The  erypt  Inis  then 
become  nnich  tie^per  and 
broader,  and  by  its  ingrowth 
haj^  I )  r<-M  I  uceil  a  cu  i id  en>iatio  ii 
of  the  connective- tissues  at 
right  angles  to  the  original 
peripharyngeal  condensation 
as  well  a»  ft  great  increase 
in  the  number  of  capiUaiy 
blood  -  vessels.  From  this 
stage  the  elongation  of  the 
crypt,  the  comlensatioTi  of 
the  cfinnet'tivc  -  tissue,  the 
increase  iu  the  number  of 
blood^veisela,  and  in  the 
amount  of  leucocyte  infiltra- 
tion go  on  fari  jmis^h^  until 
the  adult  condition  is  I'cnched 


Fig.  174. 

Vcrticalisection  of  a  human  tonsil,  x  20.     1,  cavity  ;  2, epithelium 

infiltrated  with  leucocytes  below  and  on  the  left,  but  free  on  the 

right;  3,  adenoid  tisaue  with  Becliona/„/2,/j,  of  niaaseaof  it ; 

4,  Ubrona  sheath  ;  5,  section  of  a  gland-duct ;  r/,  blood- veaicL 

Aa  soon  aa  tlie  leucocytes  afijHiar  in  nomhcr  in  the  submucous 
tissue  they  proceed  to  wander  tlirongh  the  epirhclium  as  Stohr  has  described, 

hi  the  foetua  of  the  pig  the  oomlensation  of  the  connective -tissue,  especirtlly  at  the  apex  of 
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the  tonsillar  erypts^  and  the  copsei{ueiit  ni&ssiTtg  of  leacocytes^  mainly  at  thfae  points,  is  ptr- 
ticalarly  well  shown. 

lu  the  liiiniftu  fuetus  the  process  la  the  fiame,  though  coruplkati^d  by  tht"  early  rnrnifieatioD 
of  tlie  originiil  tpitfaeljal  crypt»  and  the  appearance  of  fi^sh  ones.  The  crypts  bfcoine  so  deep 
that  the  celU  from  the  surftiee  layers  of  their  epithelium  cannot  at  once  oe  thrown  otF  inU> 
tlio  moutlij  and  remain  as  a  coiieentrically  arranged  masa  of  degenerated  corn i lied  cells  hUiiig 
up  tlie  lumen  of  theerjT*  •  *'^^^  ^®^  '^  ultimately  fureed  out  by  the  vi^atergo  of  the  leucocyte* 
0 migrating  through  the  epithelium.  (It  will  at  once  be  seen  how  closely  tbia  reaembles  the 
forniation  of  the  concentric  corpuselea  of  the  thymus.  The  tonsils  are  preserved  from  the  fate 
of  the  epithelial  thymus  by  retaining  their  lumen.) 

The  prime  factor  in  tlie  foniiation  of  the  tonsiU  is  the  epithelial  ingrowth,  which  partly 
niecbanically  compresses  the  ini»#ihes  of  the  connective- tissue,  ami  partly  causes  prolifemtion  of 
the  connertive  cells  and  vesuels  by  the  Blight  irritation  it  produces^  thereby  making  it  easier 
for  the  leiicocyte^H  to  ejjcape  from  the  tbtn-walled  capillaries  and  veuo-capillariea  so  formed, 
and,  when  they  liiive  escaped,  causing  them  to  be  detained  in  the  finely-meahod  conuectivo- 
tissue  longer  tlian  in  other  situations.  A^  the  leucoejte^  ure  well  supplied  with  nutriment, 
they  divide  by  mitosis  here  in  large  nnmberM,  aa  Flemming  ami  Iiis  pupils  first  showed,  and  at  a 
late  stage  in  development  (with  great  variations  in  individiialis)  **germ-CL"ntres  "  are  formed, 
where  n  siJecial  armngement  of  con  nee  live- tissue  and  vessels  favoura  this  process  of  division. 

The  lingual  and  pliaryngeal  tonsils  develop  in  the  same  way  as  the  palatal.  His  shows  that 
all  the  ton^iils  arise  behind  the  membrana  idiaryngis,  and  consequently,  all  tlieae  epithelial 
iogrowtha  pass  into  connective- tissue  already  condeusod  round  the  primitive  alinientajy 
canal  (G.  L,  Gultand).] 

Kerrefl.  — Kumerons  nLfdulht^i  nerve -fibres  oecur  in  the  snb-mncosa,  |^sa  into  the  mucoM, 
and  termiujite  partly  in  the  individual  jjapilhe  in  Kranae'a  end-bulbs,  which  are  most  ahumlant 
iu  the  lips  and  soft  palate,  and  not  so  numerous  in  the  cheeks  and  floor  of  the  montJi,  The 
nerves  administer  not  only  to  comnmn  Mensationi  but  they  are  also  the  organs  of  tran^mifisiou 
for  tactile  (heat  and  pressure)  impressions.  It  is  highly  probable,  however,  that  some  nerve- 
fibres  end  iu  fine  terminal  fibrils,  between  the  cpitheliAl  cells,  as  in  the  cornea  and  ehse where. 

[Secretary  gl&uds  nmy  be  simple  or  oompoimd.  In  the  latter  case  the  duct  ia 
branclieiL     In  tlie  course  of  development,  a  solid  firoccss  of  tho  epitheliimi  sinks 


Tubuliir  glaiKln, 


Alveolar  Rlnnd-^. 


^Simple  tube, 


Shnplo  saccule. 


Simple  gUniU 


Scheme  of  different  forms  of  gland  ;  o,  doct 

into  tlie  subjacent  fibrous  tissue,  anil,  to  form  a  simple  gland,  a  cavity  appears 
in  this  liUfl,  but  for  a  eompounil  gland,  other  epithelial  buds  sprotJt  from  ite 
blind  end.     Each  Innl  acquires  a  central  cavity  ;  these  elongate  and  increase  in 
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uumber,  thus  forniing  a  mudiAftanchvd  .syskni),  tlie  teniuiml  bliml  eiiLls  foiiiimg 
till'  acini,  alveoli,  or  true  secretory  part.  If  the  nlveoh  are  tubiilur  in  shape,  the 
j^'liiui!  is  calle*!  a  cuinpouiiil  tubular  glaml.  Thus  in  tlie  compound  gknds  some 
l^irtH  are  secretory,  an4  others  act  us  Juct^,  while  in  the  .simple  glands  all  the 
parfe  may  l>e  secretory.  iVll  the  gliuidt^  cn»emng  on  the  surface  of  the  body  are  of 
ejiiblastit'  origin.  The  seereti>ry  cAh  lining  the  acuii  re.st  on  a  hafienient  memliraiie, 
and  owtsiiie  this  are  the  lyiui>h -spaces  and  capillary  hlooil-vesseb.] 

[Flemrniug  has  recently  proj>osetl  a  new  chi-Hsiiicatioa  of  gliiiids.  Glands  are  developed  from 
tlie  epitbeliiini  of  mueoua  membranes,  and  tlnit  of  tlic  skiiK  TIh'V  nre  therefore  hollow  hiflec- 
tmua  of  the  aarfActi  epithelium  into  the  subjacent  connective-tissue,  and  may  be  either  cylind- 
rical tubes — tubuli — or  with  ililatations  or  sacculations,  alveoli — so  that  two  chief  kinds  ar© 
diBtin^uished^tubul&r  and  alveolar  glanda  (hg.  175). 

L  Tixbnlar  glands  occur  fittitr  singly j  or  arranged  in  groups^  ^  that  they  are  tlivided  into — 

L  Simple  tubular  glands,  which  are  either  simple  nr  bi-ancbeil  tul>es  leading  to  a  duct 
{Hg.  175).     Tlie  latter  form  hits  Lwen  called  a  *'diict-i*ytttem/* 

2.  Compound  tubular  glands,  compoHed  of  a  numbtT  of  **duct-8ystein8*'  (fig.  176). 

n.  Alveolar  glands  are  similarly  claHHified. 

L  Simple  alveolar  glands,  with  either  a  simple  or  branched  dilatation  or  &accnle  comnmni- 
catiog  with  a  duct ;  the  latter  is  called  an  "  alveolar  system." 

2.  Cjompound  alveolar  glands,  whii^h  consist  of  several  alveolar  systems. 

Uithmiidttd  simjtk  tuhiilftr  fjilaiuls  are  :  Lieborkhlin's  glands,  sweat-glands,  and  the  glaoilLtj  of 
the  fundus  of  the  stomach. 

Branched  (uUifay  nimph'  glmuis  are  :  the  pyloric,  Brunncr's,  the  smallest  mucous  and  semus 
glands  of  the  mouth,  and  the  uterine  glands. 

Comjxumd  tulmhtr  iflandts  are  :  the  larger  mucous,  and  salivary  and  lachrymal  gland>i.  Also 
the  kidneys,  Cowpr's  gUnds,  prostatic  glands,  thyroid  (at  an  early  stage),  liver,  and  testis. 
The  branches  of  the  latter  two  ghinds  anastomose  and  form  a  network  ;  hence  tlie  liver  and 
testis  have  been  called  ^*  reticular  glands/' 

Uiibntiwhtd  simple  altrofar  fflmtdif  are:  the  smallest  sebaceous  glands  and  the  ovarian 
follicles. 

IIrain*hrd  aivtolar  fimple  glands  are  \  the  larger  Bcbaceoiis  glands  and  the  Meibomian  glands. 

Cmtiptnttid  rt/iYo^fO'  ffhuidt  arc  :  the  iiiaminary  glands  and  tlie  lungs  {Flcmmimj  and  StMr).} 

142.  THE  SALIVABY  GLAJTDS.— There  are  three  pairs  of  salivary  glands, 
submaxillary,  sub-linf ual,  and  parotid.      [The  suli-maxillary  glaEd  lies  under 


A,  duet  and  acini  of  the  parotid  gland  of  a  dog  ;  B,  acini  of  tlie  aubniaxillary  gland  of  a  dog  ; 
Cj  refractive  mucous  cells  ;   d,  gnmnhir  half- moons  of  Gianuzzi ;    C,  simihir  alveoU  after 


,  gnm 
prolonged  secretion  ;  D,  basket-ahnped  tissue  investment  of  an  acinus  ;  F,  entrance  of  n 
non-medullited  nerve-ttbre  into  a  seci'etory  cell. 

thf^  horizontal  ramua  (if  the  lower  jaw,  and  its  d\tct  (50  mm.  long) — the  duct  of 
Wliarton — opens  in  the  floor  of  the  mouth  at  the  side  of  the  fra?nuBi  of  the  tongue- 
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Tlie  parotid,  the  largest  of  the  glands,  lies  close  to  the  auricle,  uiul  it**  thict— the 
duct  of  Steno — pa^sses  over  the  niassetnr  itni^cli*,  perforates  the  liuceinator  iinmcle 
nliiiqutily,  and  o|mmi8  into  the  mouth  o])pasit<*  tlie  secninil  ujiper  molar  tooth.  The 
aub-Mngiial  gland  h  the  smallest  of  the  tliree,  Hew  beneath  the  tongue,  and  has  a 
nnmher  of  small  daet«  {10-:20)— the  ducts  of  Rivini — some  of  whitdi  open 
.seimrately,  hut  one  larger  one — tlie  duct  of  Bartholin-— unites  with  ^Miarton'g  tluct 
All  these  glanda  are  compound  tubular  glands.]  [Etieli  glaml  consists  of  a 
nnmher  of  lohes,  mid  en<  h  lijhe  in  turn  of  a  niunl>er  i)f  lohules,  which,  again,  are 
composed  of  acini.  All  these  are  held  together  Iry  a 
framework  of  conneLtive-tift.sue.  The  larger  In^anehes  of 
the  duct  lie  l>et\veen  the  lohules,  and  constitute  the 
interlobular  ducts,  giving  hranehes  to  t-aeh  lobule  which 
they  enter,  constituting  the  intralobular  ducts,  ivhieh 
branch  and  finally  tenninate  in  ^ounection  with  the 
alveoli,  liy  means  uf  mi  intermediary  or  intercalary 
part  or  ductule.  The  larger  interlobar  and  interlohidar 
duets  c'ojjsist  of  a  meinbnina  propria,  strengthened  outride 
with  fibrous  and  elastic  tissne,  and  in  some  places  also 
by  non-striped  muscle,  while  the  ducts  are  lined  by 
eoluninar  epithelial  eells.  In  the  largei?t  branches  tliere 
is  a  second  row  of  smaller  cells,  lying  between  the  large  cells  and  tlie  niembrana 
propria.  The  intralobular  ducts  arc  lined  by  a  single  layer  of  large  cylindrical 
epitheliinu  with  the  nucb  us  about  the  nii<blle  of  the  cell,  while  the  out(;r  half  of 
the  ctdl  is  hnely  t^triated  longitudinally^,  or  **  redded/'  which  is  due  to  tihrilhe 


Fig.  177. 

Rmlde<]  e|iitheliuui  Hiiiug 
the  duct  of  a  »aHvary 
glatid. 


:^mi^^    ^ 


Fig.  178. 
Section  of  the  aab-moxillftry  glnad  of  tlie  dog  stained  with  picro-canniiie  ■  D,  <luct 

(fig,  177);  the  inner  half  next  the  lumen  is  granular.  The  intermediary  part 
is  nniToWj  and  is  lined  by  a  single  layer  of  tluttennd  cells,  each  with  an  elongatetl 
oval  nucleus.  There  is  usually  a  narrow  **neck,''  wlitre  the  intralobular  iluet 
becomes  continuous  with  the  interuieiliary  part,  and  here  the  cells  are  polyhedral.] 
The  terminal  acini,  or  alveoli,  are  the  j>arts  where  the  actual  ]u-ocess  of  secre- 
tion takes  place.  Fig.  176^  A,  shows  several  ducts  terniuiating  in  acini.  The 
acini  vary  s<>uiewhat  in  shajie— souie  are  tubular,  others  l^ranched,  stane  are  dilat^^l 
and  rescinlde  a  Florence  flask,  and  several  of  them  usually  open  iiit«  one  inter- 
mediary part  of  a  duct     Each  alveolus  is  bounded  by  a  1>asenient  membrane,  with 


J 


r 


Sec.  142.] 


hn'HUCTUllE   OF  MUCOUS  OLAND.S. 


243 


M- 


tMiM 


rig.  179. 

Section  of  retro- 1  in ^ual  fjlaud  of  ilog — a  iiiiied 
gland— stained  with  jnero-carniiiifl.  M,  mixed 
ftciiuia  ;  S,  serous  uciiiu«  ;  D,  duct. 


a  reticulata  sinntiir^^  lumh^  11  ]♦  of  mmleatt><l,  bmiidied,  ami  aiiastomosing  wWs  so  aa 
to  resL'iiildf  a  l>a.ski  t  (D).  Tliciv  in  a  lioiiiogi"iie<ms  meiiilimiu'  iMinmling  tlie  alveoli 
In  iMlikm  to  tliis  lirtsketsliaj^tHl  stnuture.  JinmfdiatL'ly  outt^iilo  this  ineiiilnane 
if*  a  lymph -space,  and  mitsitle  this  again  the  m'tw<irk  of  capillariet!  is  distrihnteih 
[Tlje  extt'iit  to  which  thi.s  lyniph-H]>aee  is  filletl  >nth  lyTni»h  ileterminea  the  disUmce 
of  tlic  capilliirieH  from  the  jjieial>mna 
propria.  The  interalvcolar  lyiiiph- 
.Hpacci*  commmiicatv  with  huge  tyni pit- 
spaces  iH^tweeJi  the  Irdailes,  whit  li  in 
turn  cinnniunieate  with  perivascular 
lyin[thatio8  arotnid  the  arterit».s  and 
veins.]  The  lymphatics  emerge  from 
tlic  gland  at  the  hiluni. 

The  secretory  cells  vary  in 
structore,  aeeording  an  the  sidiviiry 
gland  is  a  mucous  [sii1i  inaxiUary 
and  snl)-!ingnal  of  the  tlog  anil  eiit]j 
a  serous  [partiti<l  of  man  and  JHain- 
nialsj  ami  snli-niaxillary  of  lahhit], 
or  a  mixed  gland  [Imman  suh-max- 
illury  a  Jul  ^ith-lingnal]. 

Mucous  Acini -^The  secreti^ry  cells 
of  n I  neons  glands,   and   the   niueona 
at*ini  of  mixed  glands  (figs.  178,  179) 
are  lined  hy  a  single  Liyer  of  **  mucin 
cells"  (fig.  176^  B,  c),  which  are  large  cells  distended  witli  iniicin,  ur  with  a  hypo- 
thetical sul>htancc,  mucigen,  wliich  yields  mnein.     The  mucin  cells  am  more  or 
less  .splieroiilal  in  shape»  rk-ar,  shhriug, 
highly    refractive,   and    nearly    fill   the  -^^ 

iU'inns.  The  flattened  nncrltniR  is  near 
the  wall  of  the  acinus,  Eacli  cell  has 
a  tine  prt>cess  which  overh^is  the  fixed 
jxirts  of  the  cells  next  to  it.  Owing  ti 
the  hoily  of  each  cell  hehig  infiltrateil 
with  mucin,  these  eeUs  do  not  stain 
with  carmine,  although  the  nneleiis  and 
its  imtiiediately  investing  protopla*im 
ilo.  Another  kind  of  cell  occurs  in  tlie 
Hul>-maxillary  gland  of  the  dog.  It 
forms  a  half-im>i>n-shaped  structure  lying 
in  direct  contact  witli  tlie  wjdl  ai  the 
acimis  (GiaRUZzi).  Each  ** demilune** 
"half-moon,'*  or  ** crescent"  consists 
of  a  ntunlicr  of  smidl  eh>sely  ] jacked, 
angular,  highly  ".dbuminous  cells  with 
small  oval  uneleij  wliich,  hmvevcr^  are 
.separateil  r»jdy  with  difficulty.  Hi^uce, 
Heidcnliiiiii  has  chilled  thein  "composite 
marginal  cells  *'  (IJ,  d),  Tliey  arc  gran- 
ular, darkt-r,  devoid  of  mucin,  and  stiiin 
ren<lily  with  pigments.  [In  the  sub- 
maxillary gland  e^f  the  cat,  tliere  is  a  completo  layer  of  these  **  margiiml "  earmine- 
staining  cells  lying  between  the  mucous  cells  and  the  membrarni  |U'opria.] 

[Serous  Acini — In  true  .serous  glands  {parotid  of  man  ami  mammab)  and  in  the 


% 


Fig.  180. 

Section  of  a  Inn  11  an  siih-mnxillarv  glaiid.  Oo 
thr  left  is  a  ^oup  of  M?rous  alveoli^  and  on 
till'  right  ft  gronp  of  nineouK  alveoli. 
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Berous  acini  of  iihxchI  glajuls,  tlu'  aciui  aiv  lined  l>y  a  sinfjle  luyer  v{  secivtciry 
coluiimar  linely-j^Taiiular  cells,  wliicb  in  the  t]uie8eent  condition  C4:»in])lekdY  fill  the 
iicimivS,  so  that  scarceiy  any  lion  en  is  left  (fig.  176,  C).  J«st  before  seeretinn, 
or  ^vhcn  tlie.so  cells  are  qtiieisceiit,  Laugley  ha.s  shown  that  they  are  large  and 
tilled  with  nunierona  graiuiles,  which  obs^eure  the  j>reseiice  of  tlie  nncleiL-*.  Aj^ 
secretion  takes  jilace,  these  gi'amdejs  seem  to  be  Ui*ed  U[j  or  discharged  into  the 
Kmnn  ;  at  least,  the  niiter  part  of  each  cell  graiUuilly  T>econies  clear  and  niort^ 
transparent,  and  this  coiuiition  s]irea<!«  towards  the  inner  part  of  the  cell.] 

[Ill  tli«^  mixed  or  mueo-salivary  glands  (ejj.^  human  sxilHiiaxillary)  some  of 
the  alveoli  are  mucous  and  otbers  scrcais  in  tin  ir  characters,  but  the  hitter  are 
always  far  niDre  inuucrons,  and  the  one  kind  of  acinus  is  directly  cnntinuoiis  with 
the  other  kind  (fig.  180).] 

143.  HISTOLOGICAL  CHANaES  DUEING  THE  ACTIYITY  OF  THE 
SALIVAEY  GLANDS.— [The  condition  of  ]>hy8iulogical  activit}^  of  the  gland- 
eells  is  accomi>anii'il  by  changes  in  the  histological  charactirs  of  the  seeretory  cells. 
Changes  in  serous  glandjB  have  been  carefully  stud  ieil  in  thf  parotid  of  the  rabhit, 
but  tlie  appearances  vary  somewhat,  acconling  as  the  glands  are  examined  in  the 
fresh  conditiou  or  after  hardening  in  various  reagents,  such  as  altsolute  alcohol. 
IVlien  the  gland  is  at  rest,  or  in  the  **  resting  phase,"  sometimes  also  called  the 
"loaded"  or  *'chargetl"  condition,  in  a  i>r<'puridiun  lianlened  in  iileohol^  and 
stained  with  earniine,  the  cells  consist  of  a  i>ale,  almost  uneolouivd  subst^mce,  with 
a  few  tine  granules,  and  a  small  irregular,  rcd-starincd,  shrivclleil  nucleus  devoid  of 
ii  nucletplus.  Thf  appearance  of  the  luieleus  suggests  the  idea  of  its  Ijeing 
shrivelled  by  the  action  of  the  hanleiiing  reagent  flig.  181,  A),] 


Fig.  181,  A.  Fig.  181,  H. 

Sectioti»of  &  *'i5eroiis''  glaad,  stained  with  rariuine.     The  parotid  of  a  rabbit,  tig.  1S1,  A,  at 
I'fHt  ;  fig.  181 1  B|  afttr  ^tiiaalatiou  of  the  cervical  Hymiwithetie. 

[During  activity,  or  in  tlie  **  active  phase,"  if  the  gland  he  cruised  to  secrete 
by  stinmiating  the  sympatlietic,  all  part^  of  the  cells  undergo  a  change  (fig.  181, 
A,  B).  In  prejiamtions  hardened  in  alcohol— (1)  the  cells  diminish  somewhat  in 
size ;  (2)  the  nuclei  are  no  longer  irrr  gidar,  Ijut  round,  with  a  sliarp  contfjur  and 
nudeoli ;  (3)  the  sul^stiuice  of  the  eeU  iUelf  is  turbid  owing  to  the  diminution 
of  the  clear  substance^  and  the  increase  of  the  granuli's^  especially  near  the 
nnclei :  (4)  at  tlie  same  time,  the  whole  cell  stiiins  nunv  deeply  witlj  cannine 
(Hfndejthain),] 

[On  stiu lying  tlie  changes  wljich  mcui'  in  a  living  Serous  gland,  Langley  found 
that  the  stdjstance  of  tlic  cells  uf  the  }>ari>tid  is  p<'r\'aded  by  tine  grannies,  which 
are  so  mmierous  t\^  to  obscure  the  iiuelens,  while  the  outlines  of  the  cells  areindi»- 
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tiiiet  No  lmn<?n  U  risil>le  in  tlie  aeiiii,  during  activity  the  graimles  disappear 
fri>rii  the  outer  zone  of  the  relLs,  tJie  cells  themselves  l>eeoiniiig  fiinalkr  and  more 
distinet*  Afti-r  jirolmiged  seiTetion,  the  grmmles  largely  disaplnnxr  fmni  th<?  eell- 
suhstiuae  except  ([uite  near  tlu;  inner  margin.  The  ecdis  are  smaller,  their  on tliiie?* 
Tnort'  <listiiict,  their  sjjlierical  nuclei  ap]»aR^nt,  and  the  lumen  of  the  acini  is  wide 
iiiul  distinct.  Thus,  it  is  evident  that,  during  rest,  granules  are  manufacturt^d, 
whicli  tlu*{ippfar  during  tlie  activity  of  tin*  cells^  the  disappearance  taking  place 
from  withont  inwards.     Similar  chuugeH  occur  in  the  cells  of  tlic  pancreas  (jj  168).] 

[>[orc  Ciiniidex  changes  occur  in  tlic  mucotis  glands,  siicli  as  the  sul>niaxillarY 
or  orhitai  gland&s  of  the  dog  {Lavdnvsli^).  Tln'  a|(iH?!irance8  vary  accoriling  to  th« 
intensity  and  duration  ijf  the  secretory  activity.  The  nmeoUH  cells  at  reit  are 
hirge,  clear,  and  rcfmctivo,  contiiining  a  tlatt-pncd  inicleuH  (fig.  170,  C),  Hurromided 
with  a  small  amount  of  |notti[tlfism,  and  placeil  neiu*  t!ie  basement  memhmne. 
Tlie  clear  subsUince  tloes  not  stain  with  carmine,  and  eonslsts  of  mucigen  lying  in 
tlie  wide  spaces  of  an  intmcellnlar  plexus  of  tihrils.  ^\itcr  prolonged  secretion, 
produced,  it  may  lie,  hy  strong  and  ci>ntinucd  stimulation  of  the  ehorda,  tlie 
mucous  cells  i>f  the  suh-maxillary  gland  of  the  dog  undei-go  a  great  rhange.  In 
such  a  condition  the  cells  arc  siM>kcn  of  as  "unloaded^' or  "discharged/'']  The 
disk^iiiled,  refractive^  ami  "  mucous  cells,"  which  occur  in  the  quiescent  gland, 
and  wliieh  do  not  stain  witli  camdnCy  appear  quite  different  after  the  gland  lias  lieeii 
in  a  state  of  activity.  They  are  represented  l\y  sniall  dark  iaut<->phismic  celk  devoid 
of  niuein  {fig.  176,  C).  Tlu-se  cells  i*cadily  stain  witii  carndnc,  whilst  their  nucleus 
is  scarcely,  if  at  all,  coloured  hy  tlie  dye.  The  researches  of  K.  Hcid<uihain 
(18G8)  liave  slied  much  light  on  t!ie  seeretory  activity  of  these  glands. 

[I  during  restj  the  protoplasm  seems  to  manufacture  muclgen,  which  is  changed 
into  an<l  discliarged as  mucin  in  the  secretion,  when  tfic gland  is  actively  secreting. 
Thus,  the  cells  become  snmller,  Itut  the  pr^itopiasm  of  the  cell  seems  to  increase, 
new  mucigen  is  maunfacturcd  ilnring  rest,  ami  the  cycle  is  repeated.] 

The  change  may  ho  |»ioduce(l  in  two  ways,  Eitlier  it  h  duo  to  tlie  "mucous  cells"  daring 
rie<!retiou  becoming  broken  up,  ?k>  tbat  tit ey  yield  their  omL-ia  dirwtly  to  the  saliva  ;  in  -saliva 
nch  ill  mucin,  small  miLroMCopk  ptivc-eH  of  mucin  aru  timniii  and  sometimes  niuioua  cells  iheui- 
j^elveji  iwn  present  Or,  wo  miiHt  as-nauie  thut  the  loucous  cpUh  yimply  idiminate  the  uuiriti  from 
their  bodies  {Ew^ld^  Stohr) ;  while  after  a  period  of  rest,  new  mucin  is  formetl.  Accordiug  to 
thiit  view,  the  dark  |»ranular  wIIh  of  the  glands,  after  attivw  setretion,  aie  simply  mucous  cellg, 
which  have  given  out  their  mucin.  If  we  assume,  with  Heideiihaiu,  that  the  mucous  cells 
break  up,  then  thcw  granular  ooii-mueoua  cellw  fnu«t  b**  regarded  as  new  foruiations  produced 
by  the  proliferation  and  giowth  of  the  composite  marginal  coUh,   i,€,^  the  creHceiitH,  or  htilf- 

lllOOIIS  of  {l\iUil\7.7.U 

144.  THE  NEEVES  OF  THE  SALiyAET  GLANDS. -The  nerves,  arc  for  the 
most  ]mrt  mednllatcd^  and  enter  :it  the  hiluin  of  tlie  ^daiid,  where  they  form  a 
rich  plexus  provided  with  gaEglla  t>et\vciHi  the  lobules.  [There  are  no  gmiglia  in 
tin*  parotid  gland  {Klein).^ 

All  the  salivary  glumk  sire  sup[died  \^y  lirauLdie.^  from  two  different  nerves — from 
the  .sympatlietie  and  from  a  cranial  nerve. 

L  The  sympathetic  Eerve  given  l)mnche«  {n)  to  the  .Hu1>maxillary  ami  the  aulj- 
lingual  glands,  ilerived  from  the  plexvis  on  the  external  maxillary  artery  ;  (b)  to 
thet>arotid  gland  fri>m  the  cjirotid  plexus  (fig.  182),  [These  nerve-lihreH!  reacli  the 
gland  aluug  the  arteries  of  the  glan<l,  and  are  for  the  most  p'l^'t  nnn-mednllnted 
nerve -Hhres.  They  can  he  traced  to  the  suiwrior  t;ervical  ganglion  and  from 
thenei^  tlirotigh  the  crrvical  sym[>athetic  into  tlie  cord.] 

2.  The  facial  nerve  gives  Immches  tci  the  suh-nmxillary  and  sul>lingual  glandr* 
from  the  chorda  tynipaai,  whieh  aecompanit^stlie  Ungual  hruiieh  t^f  the  fiftli  nervi? 
(Hg,  182),  [Tlie  chorda  consists  of  Hue  meduUatcd  tihrcs,  hut  as  they  enter  tlie 
ghuid  the  Hhreii  liecome  non-medullated.]  Tiie  hrimehes  to  the  jmrotid  arise 
from  the  tympanic  bmmdi  of  the  glosso-pliaryiigeal  nerve  (dug).     The  tymimnic 
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plexus  sends  fibres  to  the  small  supei-ficial  petrosal  nerve,  and  with  it  these  fibres 
run  to  the  anterior  surface  of  the  pyramid  in  the  temporal  bone,  emerging  from 
the  skull  through  a  fissure  between  the  petrous  and  great  wing  of  the  sphenoid, 
and  then  joining  the  otic  ganglion.  This  ganglion  sends  branches  to  the  auriculo- 
temporal nerve  (itself  derived  from  the  third  branch  of  the  trigeminus),  which,  as 
it  passes  upwanls  to  the  temporal  region  under  cover  of  tlie  parotid,  gives  branches 
to  this  gland. 

The  8ub-maxillary  ganglion,  which  gives  branches  to  the  sub-maxillary  and 


Fig.  182. 

Scheme  of  the  nerves  of  the  salivary  glands.  P.,  pons  ;  M.O.,  medulla  oblongata  ;  J.N.,  nerve 
of  Jacobson;  O.,  S.M.,  I.M.,  ophthalmic,  superior,  and  inferior  maxillary  divisions  of  fifth 
nerve,  V.  ;  VII.,  seventh  nerve  ;  S.s.p.,  small  supei-ficial  petrosal  nerve ;  Vag.,  vagus  ; 
Sym.,  sympatlietic  ;  O.O.,  otic,  and  S.G.,  sub-maxillary  ganglia  ;  P.,  S.,  and  S.ll,  parotid, 
sub-maxillaiy,  and  sub-lingual  glands  ;  T.,  tongue. 

suWingual  glands,  receives  fibres  from  the  tympanico-lingual  nerve  (chorda 
tympani)  as  well  as  sympathetic  fibres  from  the  plexus  on  the  external  maxillary 
artery. 

Termination  of  the  Nerve-Fibres. — With  regard  to  the  ultimate  distribution  of 
these  nerves  we  can  distinguish  (1)  the  vaso-motor  nerves,  which  give  branches 
to  the  walls  of  the  blood-vessels,  and  (2)  the  secretory  nerves  proper. 

Pfliiger  states,  with  regard  to  the  latter,  that  (a)  medullated  nerve-fibres  penetrate  the  acini ; 
the  sheath  of  Scliwann  unites  with  the  membrana  propria  of  the  acinus ;  tuo  medullated  fibre 
— still  medullated — passes  between  the  secretory  cells,  where  .  it  divides  and  becomes  non- 
medullatcd,  and  its  axial  cylinder  terminates  in  connection  with  the  nucleus  of  a  secretory  cell. 
[This,  however,  U  not  proved]  (fig.  176,  F).  (6)  According  to  Pfliiger,  some  of  the  nerve-fibres 
end  in  multipolar  ganglion  cells,  which  lie  outside  the  wall  of  the  acinus,  and  these  cells  send 
branches  to  the  secretory  cells  of  the  acini.  [These  cells  probably  correspond  to  tbo  branched 
celhj  of  the  basket-shaped  structure.]  (c)  Again,  he  describes  medullated  fibres  which  enter  the 
attached  end  of  the  cylindrical  epithelium  lining  the  excretory  ducts  of  the  glands  (£).  Pfliiger 
thinks  tliat  those  fibres  entering  the  acini  directly  ai-e  cerebral,  while  those  with  ganglia  in 
their  coui-j»e  are  derived  from  tlie  sympathetic  system,  [{d)  The  direct  termination  of  nerve- 
fibres  has  been  observed  in  the  salivary  glands  of  the  cockroach  by  Kupfler.] 

145.  ACTION  OF  THE  KEBVOTTS  STSTEM  OK  THE  SECBETIOH  OF 
SALIVA. — A.    Sub-maxillary  Gland. — Stimulation  of  the  facial  nerve  at  its 

origin  causes  a  profuse  secretion  of  a  thin  watery  saliva,  which  contains  a  very 
small  amount  of  specific  constituents.  Sunultaneously  with  the  act  of  secretion, 
the  blootl-vessels  of  the  glands  dilate,  and  the  capillaries  are  so  distended  that  the 
pulsatile  movement  in  the  arteries  is  propagated  into  the  veins.  [Owing  to 
the  dilatiition  of  thi?  arterioles  the  pulse-wave  is  propagated  through  the  capil- 
laries into  th(f  veins,  so  that  there  is  a  venous  pulse,  the  blood  flowing  from  tlie 
veins  in  jets,  p.  135.]     Xearly  four  times  as  much  blood  flows  out  of  the  veins,  the 
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blooil  hidng  of  a  bright  red  colour,  and  tontuining  one-tliir<l  more  (J  than  the 
venoiii?  blooil  of  the  nori-stimiilated  ghiiid.  Xotwitlistjinding  this  relatively  high 
percentagt'  of  (\  the  sei^reting  j^Iand  ii?*es  uiore  O  than  the  pas.sive  glatnl  (>J  l*-^l,  1). 
[I.  StimulatioE  of  Chorda  Tsmipaili. — If  a  cannula  be  plat-ed  in  Whartoiis  duct, 
ejj,,  in  a  dog,  and  the  elionla  tynijKini  he  diWded^  no  secietion  flows  from  the 
fannula,  ( >n  stinudating  tlie  j^eripheral  end  of  the  rhonfa  ttjmpani  with  an  inter- 
rnptc'il  enrrent  of  electricity,  the  ^?ame  reault-s— copious  secretion  of  saliva  and 
va.9cnJar  dilatiition,  with  increased  flow  of  blooil  through  the  gland — occur  m 
when  the  nrigin  of  the  seventh  nerve  itself  is  stimulated. — Tlie  watery  eytliva  is 
called  chorda  saliva.  Thus  two  efi'ectvs  are  prmluced  simultaneoqsly,  vix.,  vaaCElar 
dilatation  and  secretion  of  saliva.  As  a  mattA^r  of  fact,  each  is  brought  al)outby 
the  independi  lit  action  of  special  n^TVe-fjlires,  1*0  that  two  fuiictionally  ditfi'rent 
kinds  of  nerve-filires  occur  in  the  facial  nerve  and  chtuda — (1)  vaso-dilator  fibres 
{fig.  183),  and  (2)  true  secretory  fibres.  The  juetbods  l\v  \vhi(  h  the  existence  of 
the^ie  ner\^e-fibres  is  proved  are  describ^id  on  [).  248]. 


6an§rio 
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£^  m  pa  Ui  elicit. 


Fig.  ]o:J. 


Scheme  oF  the  secretory  and  raao-confltrictor  fi«?rveM  of  thp  syttniatbetic  uerve,  wid  viijio-diliitinr 
and  scKTetor)^  nervea  of  the  chorda  i)nssing  to  the  sub-maxillary  glamb 

IL  Stimulation  of  the  sympathetic  nerve  causes  a  .scanty  amount  ^f  a  very 
thick,  sticky,  opaipu*  mucaus  sci-rctiuti,  in  which  the  npeeitic  Hidivary  constituents, 
muriHy  and  the  salivary  crtrpuscles  arc  very  abundiuit.  [It  craitinns  n  large  nunjber 
of  morphological  eleuient-s,  chiefly  pale  glutimaLs  looking  luiisscs,  prfdmbly  products 
of  the  tranHb>riuati«>n  of  ghmd-odls.  The  solids  reach  15-28  jx^r  lOQO,  but  tln^ 
t4>tal  ipiiuitity  of  saliva  secnded  is  always  snialL]  The  si>ecilic  gi'avity  of  the 
saliva  is  raised  from  1Q07  to  1010.  SimnUiiueousrv  the  blood-ves«ela  become  con- 
tracted, so  that  tlie  blood  flows  more  slowly  fnuii  tlie  veiui*,  and  ha-s  a  dark  bluish 
colour. 

The  s>in|>atbetif  also  nintain?^  two  kimls  of  nerve- fibres— (I)  true  secretory 
fibres,  and  (2)  vasoconstrictor  fibres  (fig.  18:3). 

[Electrical  Variations  diiring  Secretion. —That  chunfjea  in  tho  electromotive  properties  ot 
gluTiilis  oi'ear  fiinin^  secretion  wa^  hIiovvh  in  tho  frog's  ilin.  BajHss  aud  llradfonl  liDti  that 
the  hiimo  h  true  of  the  sab'toaxillary  ^kiid  (flo;Li).  Binitig  secretion,  the  excitatory  change  on 
»tinmlating  the  chorda  b  m  }Hi^ifhr  variation  of  the  current  of  rent  (the  hibim  ot"  the  glaml 
becoming  more  |K>sitive),  but  it  is  fre(|iieiitly  followed  by  a  secoiHl  phase  of  opposite  sign.  The 
latL'iit  jieriofl  is  abvays  very  »hortj  about  O'lM",     Atropia  nboHsthes  tho  choixU  vftKatioa,     Ou 
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stiiiiuktliig  tin?  iiympftthetic,  tlic  excitatory  cbunge  is  of  an  oppoftite  sign  to  tbut  of  the  cliorda, 
and  tlie  liilum  tvecoujes  less  poaitive,  so  that  tbeie  ia  a  tn'i^titr^  variation.  It  rcqnirc**  a  in  or© 
powerful  stimUius,  is  leaa  iu  aniouiit,  and  iU  kteiit  [ieiiod  is  longer  (2' -4"),  while  aliopin 
lessens  but  does  not  abolish  It.  J 

Belation  to  Stimiilufl.-^-On  «timaktin^  the  crrehral  Dervt-s,  at  first  with  a  weak  and  ji^raduftMy 
with  a  stronger  f^tirnnbis,  there  h  a  giadniil  »ievelot)jrn?nt  of  the  accretion  iu  wliicli  the  solid 
const ituentji — oeeiwioimlly  the  organic — are  in^reasod  {Hridrnhain),  If  a  strong  stimnluii  be 
applied  for  a  long  timi»,  the  secretion  diminifibes,  lnjconn-s  watei y,  and  is  poor  in  speeifie  eon- 
^tituent<i,  especially  in  the  orgardc  eknicntii,  whieb  are  moie  afl'ected  than  the  inorganie  (<*. 
Ludtntj  and  Btchfr),  After  firolonged  i*tiinnlation  of  the  sy  in  pathetic,  the  secretion  resembles 
tbe  ciiurdji  saliva.  It  would  swem,  therefore,  fhtd  thr  rJiotdti  and  mpitpal/u^tic  salivti  un'  nt4 
ftpecifit:aH(j  fiitd'tKi,  but  vaiy  imhf  in  drtjtre.  On  continuing  the  stioinlatlon  of  tbe  nerves  up  to 
a  certain  luaxiinal  limit,  the  rapidity  of  secretion  bt?coniej{  greater,  and  tbe  percentage  of  mUn 
also  iuci'cttses  to  ii  certain  uiaxinmni,  and  this  iTiide|iendeutIy  of  the  former  condition  of  the 
glands.  Tbe  percentag*!  of  orgninc  constituents  al«o  dej»entl.H  on  the  strength  of  the  nervous 
stimulation,  bnt  \wt  on  this  lUoue,  a**  it  ia  essetdiallv  cautiogcnt  npoii  tbecoiulition  of  the  gJiind 
Ix'forcj  tbe  secretion  took  place,  and  it  aljto  iJi  i>L'tnIi«  \i\yo\i  the  duration  and  inteujsity  of  tbe 
previous  j+ecretory  aetivity.  Very  «tro)ig  Htimulation  of  the  gland  leaven  au  *^  after  etfect," 
which  p red is^KJsea  it  to  give  off  organic  coustitneuts  intfli  thti  secretion  {Hrufr/dtain),  A  latent 
|>erioil  of  1*2  sec.  to  24  sec.  may  ehipBC  between  tbe  nerve-stirnnlation  and  the  beginning  of  the 
atcretion. 

[I^ngley  has  shown  that  in  the  cat  the  syniiwithetic  saliva  of  tbe  gub-m axillary  gland  is  k99 
visciil  than  the  choida  saliva.] 

Belation  of  Secretion  to  Blood-Stipply.— 27^e  secret  km  of  stdim  is  not  dm}dy 
the  reanU  of  the  afuomtt  of  htwfd  in  fhft  fjiamlti;  ihnt  iht-re  U  a  factor  iiniei>eiidciit 
of  the  cbaiigL^s  in  tlie  staU?  of  tbe  ves^ebs  in  *«bown  by  tbe  following  facts* : — 

1.  Tlic  secretory  activity  of  tlie  gland'i  when  tht^ir  nerves  iii^e  stinnilat^d  con- 
tinites  fur  some  time  after  the  Idood- vessels  of  tbe  gland  liave  been  ligatnrccL 

[If  the  l*ead  of  a  rabbit  be  ent  otF^  stimulation  of  the  iseventh  nerve,  above  where  the  chorda 
leaves  it,  causes  a  flow  of  saliva,  wliiclj  cannot  be  aceonnted  for  on  the  ^^appoiiition  that  the 
saliva  already  present  in  the  salivary  glands  is  forced  out  of  them.  Thnsi  we  may  hive 
aeca^tion  without  a  blood-stream,  thtj  saliva  is  really  secreted  from  the  lymph  (fig.  188) 
tmesiiit  ill  the  lynipli-spacea  of  tbe  glaufl  {Ludwuf).] 

2.  Atropin  and  daturin  abolish  the  a('ti\ity  of  tbe  secretory  fibres  in  theibortla 
tynijmni,  but  do  imt  allect  the  vaso-dibiti«r  fibres  {Iltithnhain).  The  Kame  results 
occur  aft^a'  tlo*  inji-ctiou  of  acid.s  and  alkalies  into  tbe  exeretorj^  duet  {Gianuzd), 

[Action  of  Atropin. ^The  vasetdar  dilatation  atid  the  increased  flow  of  Haliva 
due  to  the  activity  of  tbe  secretory  cells,  ]irodiice<l  liy  Htiuiulation  of  the  chorda 
tynii>ani,  altboiigb  they  occitr  ijiumltaiieou^ly,  do  not  stand  in  the  relation  of  cause 
!uui  effect.  We  may  cause  vasinilar  dilatation  witliout  an  increased  flow  of  8*iliva, 
as  ab'eady  stated  (2).  If  atropin  lie  given  to  an  animal,  stimulation  of  tbe  chorda 
liriMluces  ililatatiou  of  tbe  Idoott-vessels,  liut  uu  secretion  i>f  saliva.  Atropin 
paralyses  the  secretory  filue.H,  htit  not  the  viU^o-dilaU»r  fibres  (fig.  184).  The 
increased  siipjily  of  bloo<l^  wlnb^  not  causing,  yet  favours  the  act  of  seciH'tioii,  by 
placing  a  large  amount  of  pabuluni  at  the  ilisposal  of  tlie  secretory  elements^  the 
cells,] 

3.  The  pr&B&nre  in  the  excretory  diu:t  of  tbe  salivary  gland — nicasurt^d  by 
moans  «>f  a  lUMnouieter  tied  in  it — may  l>e  nearly  twice  as  great  m  the  prcssttre 
within  tlie  arteries  of  the  glandt^i  or  even  in  the  carotid  itself  {Lndwitj),  The 
pressiue  in  Wharton's  dtiet  nuiy  reach  200  nmu  Hg  [while  the  j>rcssure  witliin  the 
carotid,  i,e.^  the  I dofub pressure,  may  be  only  120  unn.  Ilg.] 

[Secretory  Fresiiue. — The  exj>eriinent  described  initler  (3)  jirove^^  in  a  do  finite 
nuimier,  that  the  i^'issiige  of  the  water  from  the  bliMMl-vessek,  or  at  leiist  from  tb© 
lyn)i»li  into  the  acini  of  the  gland,  ciiuiiot  l>e  due  to  the  blood- pressure ;  that,  in 
fact,  it  is  not  a  mere  prorefnt  of  jilt  ration^  midi  as  perhaps  occurs  in  the  gloniendi  of 
tiie  kidney.  In  the  case  of  the  salivary  gbunl,  wben^  tbe  pressure  within  the 
gbind  may  Ite  nearly  double  that  of  the  arterird  pressure^  tlie  watiT  actually  moves 
from  the  lymph-spaces  agauist  very  great  resistttnce.     SVe  can  only  account  for 
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til  18  iM'Jiiilt  hy  iiseriliijig  it  U\  the  8eL'ret*»rv  activity  of  tlie  ^imul-CL'lls  themselves, 
WlivtlH-r  the  aetiviti<*s  of  the  gkiid-fclK  as  suggested  by  Heiilenhani,  are  governed 
direr tly  l)y  two  dis^tiiict  kinds  of  nerve-tibwes,  n  set  *>f  jsolid't^eeretiug  tihres,  and  a 
set  of  water  secreting  fibivs,  remains  t^*  he  jiroved.] 

All  these  facts  lead  us  t<:>  coiielnde  that  the  aenres  exercUe  a  direct  effect  upon 
the  secretory  cells,  a[Hirt  from  their  action  on  the  hlood-vi  sst/ls. 

•4.  Just  as  in  tlie  cane  of  muaclea  aud  nerves^  the  salivary  glaituls  heooiue  fatigued  or  ex- 
liausted  after  prolonged  at'ti^ni.  Thia  rt'Hiilt  may  nI»o  li*  brought  alwiiit  hv  iiijectitjg  rtcids  or 
alkalieji  into  tht*  dnct^  which  ahor.s  that  the  secretory  activity  of  the  glajid  is  indejieudent  of 
i\m  cuvnlation  {Oiamitzi). 

Extirpation  of  Sttlivary  Glands. — When  the  chorda  tymimni  is  ext)i{uited  on  one  siih.^  in 
3^oung  dopj  the  8uh*tii axillary  gkiid  on  that  aide  does  not  tlovelop  so  much — it»  weight  ih  r>0 
per  ft^ lit*  hm — while  the  mucous  cells  a?iil  the  "en*aeent«"  ar^  i«maUer  than  on  the  soiwd  side 
{Eufttlini), 

Dnring  .Hecretioiij  the  temperature  ^«f  the  ghuid  rises  15  C  (Ludifi(f\  ami  the 
IdiMMl  thwing  fiom  the  veiii?^  is  often  wanner  than  the  art^^^^d  Idood.  [The  electro- 
motive changes  aic  ivfi  rre«l  to  at  \k  247.] 

[Results  of  Stiinulatioii  of  glandular  nerves.— Tin*  remdts  following  electrical 
or  other  stimulation  of  the  [wriphend  entl  id  a  glauilidar  nerve  may  be  .stated  as 
follows :—- 

(1)  Vaso-inotor  changes,  cauising  alterations  in  the  blootl-sujjply  ami  hloo.]- 
How, 

(2)  Chemical  and  histological  changes  in  the  gland-cells  connected  with  the 
elaboration  of  tlie  orgaine  ami  iio.<slbly  of  the  inorganic  eonstituents  of  the  sidiva. 

(3)  Changes  by  ^vliieb  water  is  secreted,  />,,  passes  through  the  ba.'^ement 
mendmme  and  glaud-eellsj  and  the  consequent  niovciju  iit  id  the  fluid  through  tlie 
cells  and  duet^t. 

(4)  Electrical  changeB  (p.  247),  which  do  not  .seem  t<:«  lie  associated  with  the 
vasomotor  eh E 111 ^r(.Sj  ft,i-  the  elertrieal  variatiou.s  are  readily  aljoHshetl  by  atropin, 
^\  liicli  does  not  allVet  the  \a.so-inotor  clianges,] 

*' Paralytic  Secretion"  of  Saliva. — Jiy  this  ti*nu  is  meant  the  eontinue<l  secre- 
tion of  a  thin  watery  sahva  from  the  snb-iuaxillary  gland,  wluch  occurs  twenty- 
four  hrnns  after  the  sectictn  of  the  cerebral  nerves  (chorda  of  the  seventh),  i.e., 
tliose  hranchea  of  tbeni  that  go  to  this  gland,  whether  the  aympathetie  he 
divided  or  not  (CV,  Btniard),  It  increases  until  the  eighth  day,  after  wliich  it 
gradually  diminishes,  while  the  gland-tissue  degenerates.  The  injection  of  a 
small  quantity  of  eurare  int^>  the  artery  id  tiic  gland  abo  causes  it 

[Heidenhain  showed  that  section  of  tute  chorila  in  followeil  hy  a  continnoas  aecretioii  of  saliva 
from  bi)fh  aab-iuaxilkry  gUnds.  The  terra  **  paralytic  Becretion "'  is  ap|»licd  to  that  which 
tak«>s  place  on  the  sidii  on  which  the  Derve  ig  cut,  ami  Ljiuglcy  j>roiM>scs  to  call  the  secretion  on 
ihe  opposite  side  the  antilytic.  Apn«?a  (§  368)  stops  both  the  jiaralytlc  atitl  antilytic 
stcretion,  while  dyspnoea  iat  resis^^s  the  How  in  hoth  cases  ;  and  ns  Bection  of  the  wymj>athetic 
tihres  to  tlic  gland  (where  the  chorda  i«t  cut)  arrestn  the  pat^lytic  secretion  excited  hy  dyapntta, 
it  ii»  eviiicivt  that  hoth  the  itaralytic  secretion  and  the  seci'etion  following  ilyspnoea  uro  caused 
by  stimuli  travelling  down  the  sympathetic  tihres.  In  the  later  stagen  of  the  paralytic  secretion 
the  cause  is  hi  the  gland  itself,  for  it  goes  on  even  if  all  tlie  nervea  passing  to  the  gland  be 
divided,  und  is  pi-uhahly  due  to  a  local  nervc*centre.  In  this  stag*  tbo  secretion  is  arrcHted  by 
a  large  dose  of  chloroform.  The  i)ai-alytic  secretion,  in  the  first  stage,  ma^  be  owing  to  a  venous 
condition  of  the  bloml  acting  on  a  central  secretory  centre  whose  excitability  is  increased  v  and 
in  the  latter  stages  probnhly  on  local  nerve-centres  within  the  gland.  The  iibrcs  of  the  chorda 
in  the  cat  are  oiily  ]>flrtinlly  degenerate<l  thirteen  days  after  section  {Ltinglftf),] 

[Hiatolo^cal  Chingei.-^In  the  glan<l  during  i>arslytlc  secretion,  ihe  gland  cells  of  the 
alveoli  (serous,  mucous,  and  demilunes)  diminish  in  size,  and  show  the  typical  *' ii'sting  *' 
ai>peaniace,  evea  to  a  greater  extent  liiau  the  normal  resting  gland  {Lnuglfif}.] 

B.  Sub-Lingual  Glands ^ — ^Very  probably  the  same  genenil  rcdations  obtain  oa 
in  the  sul>- maxillary  gbnid* 

C  Parotid  Gland. — In  the  dog,  stimulation  of  tlie  sjnipathotic  alwie  causes  no 
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secretion  ;  it  occurs  M'lien  the  glosso-plmryiigeal  lirnriuli  to  the  parotid  im  simuh 
tiineously  exrited,  Tliis  hraiich  may  bn  rr^^ched  witliiii  the  tympaimiii  in  the 
tymjiauic  j»h?xus>  A  thtrk  secn?tion  contrtiniii*^  imicli  or^iiic  nifitt^jr  is  thereby 
obtained.  8tiinnlatiL>n  uf  tlie  cn-ebral  braneli  alone  yiehls  a  clear  tliiu  watery 
secretion,  eontaining  a  very  snudl  aiiKnint  of  organic  substances,  Init  a  considerable 
amount  of  the  salt«  of  tlie  saliva. 

[Stimulation  of  Jacobeon's  Nerve  (Parotid  of  Bog)— 

Without  sy ID |»atlietiL%         ....        0-55%  0*31 


With  ayinimthetiL', 2*42%  0'86 

The  following  tabh^  shoivs  the  nervei^  of  the  parotid  gland  : 

J,  ,  i  CcrehriiU    Vaso  dilatora  =  fjloKsn-plmryngeal 


OrtEitnlc  Mitttcr. 
0  24 


SefTHm'ij  nemtn 


\  Syuii»atlietic\    VasoconBtrictorg  -  sv!!!  pathetic. 
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.     J  /FAei^d(f)  1 

t  Closao- pi  laryngeal  J 
f  Sy ni  jwi  th  e  tk  -  h j  ai  pn t  h  ct i  c.  ] 


=  Bmnll  auperlicial  jietroMtl. 


The  pai-otiJ  fttiopliit^w  after  ileatiactiou  of  the  lyirip«nie  plexus  {Brmlford), 

Eeflex  Becratioii  of  Saliva. — [If  a  cannula  he  [ilaced  in  Wharton's  duct,  e.«T., 
in  a  dog,  iluriug  fasting,  little  or  uo  saliva  will  How  out,  but  on  applying  a  Rapid 
fiulistfnu'e  t-o  the  nuieraiJ^  nienibnme  of  the  mouth  or  the  tongue,  there  is  a  copious 
flow  of  saliva.  If  the  syui[(atlietic  nerve  be  divided,  secretion  still  takej^  place 
when  the  moutli  is  stijinilateil,  but  if  the  chorda  tympani  l>e  cut^  secretion  no 
hmger  takes  plaei'.  Henei',  the  secretion  is  due  to  a  reflex  act;  in  this  case,  the 
litignal  is  the  afferent,  and  the  chorda  the  clferent  iiervt?  i-arrying  impulses  from  a 
centre  situated  in  the  medulla   obliaigatii  (lig.  1^^4}.]     In    the   intact  Ixxly,  the 

.^eerction   of    sjdiva    oi-curs    thnnigh   f\ 
Mucons  Meiiibrano  reflex  stimulation  of  the  uerves  r.»n* 

cerned^  whei^eby,  under  normal  circum- 
stances, the  secretion  is  always  watery 
(chonla  or  facial  saliva).  The  centri- 
petal   pr    afferent  nerve^fibres  ciin- 

CiTiied  arc  :— ^(1)  The  mnvcs  of  ta*t*.\ 
(2)  Tlie  sensory  hranehes  of  the  tri- 
geiuinus  of  the  entire  cavity  of  the 
luouth  and  the  glosst*  -  i>haryngeal 
{whicli  appear  to  Ikj  eapalde  of  lM«ing 
stiuiulated  by  mr-chanical  stimuli, 
pressure  J  tension,  dis]daeejaeut).  The 
movements  i>f  mastication  also  cause  n 
secreti(»n  of  saliva.  Pfliiger  found  tliat 
omvthird  more  saliva  wa8  secreted  on 
the  side  wlieie  m.v*%tication  took  place  ; 
ami  CI,  liernard  obs<^rved  that  the 
secretion  eeaseil  in  hoi-ses  fluring  the  act  of  driuking,  (3)  The  nerve^i  of  suiell, 
excited  l>y  certaitj  i«lours.  (4)  The  gjistric  branrhcs  of  the  vagus.  A  rusli  li 
saliva  into  tin'  umutb  usiially  precedes  the  act  of  vomiting  (§  158). 

(5)  The  stimulation  of  diBtant  BcnBory  narves,  e.y,^  the  c-i-utml  end  of  the  sciatic— certainly 
through  u  coaijilicateii  retlcx  luecliaaiam— causca  a  seeretiojj  of  saliva  {Oirjfjmuiikow  and 
TsL'hinjf'tr),  8tiinulatioii  of  the  coajunctiva,  f.g.^  hy  Rpjilying  an  irritating  fluid  to  the  oye  of 
carnivorous  ainmals,  causes  a  reflex  s<»cretioa  of  Mliva  {Asrhrnbramft}.  Ferhttiis  the  secrfttion 
of  saliva  which  sonietimea  occurs  during  ftregiiatiey  is  causp*!  in  n  Hmiilair  rcnex  nianiier. 

(6)  The  movementB  of  maaticatioii  excite  secretion,  hut  although,  daring  the  act  of  nimina- 
tion,  thisifl  the  case  in  ruiuiuaiitii,  in  whom  the  proccaa  of  mustication  h  very  thorough,  there 
is  no  secretfou  froai  the  Huhimixilkry  gland,  although  the  parotid  aecretcs  (CWta,  KikMbfrtftr 
and  Hafi^widet). 
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Tbe  reflex  ceatre  ioi  the  secretion  of  saliva  lie^  hi  tho  iiKidiiUa  oT>loii»4nta,  id  tlu' 
ori^ati  of  the  seventli  and  ninlh  cranial  nerves.  The  centre  for  tlje  syniiiatlietii' 
tilires  is  nho  jili^ied  liere.  Tiiis  repoti  is  eonnectcHl  by  ni-rve-litirf.s  with  the  vt^rv- 
hnnn ;  hcnco  tlic  thought  of  a  ssivourv  morsel,  soiiietime8,  when  one  is  luni^ay, 
4:an8es  a  mpiil  secretion  of  a  thin  wiitery  fluid— [or,  im  we  yay,  "  makes  the  niontli 
water  "],  If  the  eentix*  be  Htiniidated  direetly  by  a  niechaniesd  i^tinjulus  (jnmctnre), 
salivaticMi  oceiirs,  while  asphyxia  luis  the  same  eti'ect  The  reflex  secretion  of  saliva 
may  be  inhibited  by  stiniiilation  of  certain  sensory  iier^es^  e.^/.,  by  pulling  out  i%  lo^.p 
of  thi^  intestine*  StininlMtion  of  tlie  cortex  cerebri  of  a  dog,  near  th*^  sulens  erneiiitns, 
is  often  folii^wed  liy  seca-etion  of  sjdiva.  Disease  of  the  brain  in  man  somftime» 
causes  a  secretion  of  sali\'n|  owing  to  the  efieets  pi-otlueed  on  the  intratrauial 
centre. 

80  long  as  there  is  no  stimulation  uf  the  nerves,  tliere  is  no  secretion  of  sidiva^ 
iis  in  ^leep.  Immediately  tjfter  the  section  of  all  nerves,  secretion  stops,  for  a  time 
at  least. 

Pathological  Conditions  and  Poisona.— Certain  aflectfoas,  as  hifkinmatioB  of  the  month, 
neuralgia;  ukeis  of  the  niurous  iiiciubrnaG  ;  and  airix'tioii.s  of  the  gu ma,  tine  tt>  tt'ethiii^'  or  th^ 
prolonged  ndmiiiisti'atiou  of  mercuryt  often  produce  u  co^noa^  Heeretioti  of  suilivti  or  ptyaHsm. 
Certain  poisona  cause  theaamo  otfeet  by  direct  Htiinnlotioo  of  the  nerves,  as  CJilaliar  benn^physo- 
Mtignjin),  dtgitalin,  and  especially  piloi^irpiii.  Many  poisons,  eiipechdly  the  narcotics— above 
all  atropin  -prrir/t/.sc  th^  atwrrtonj  nervf:n,  ho  thrtt  there  is  si.  cessation  of  the  seci'elion  and  tb? 
mouth  bt'conies  dry  ;  while  the  administraiioii  of  mnscarin  in  this  eonilition  canijes  secretion* 
Pilocarjiin  aet^  on  the  choitla  tympani,  causing  a  profn«e  A&cretiou,  and  if  atropin  be  given,  ths 
Becretion  Ie  agiihi  ant'^ted*  Conversely,  if  tbe  seoiietion  be  anvsted  by  atropin,  it  may  be 
restored  by  the  action  of  )>ilocar|iin  or  pliyEsostigniin.  Nicotin,  in  small  doftei?i,  excites  the  secre- 
tory nerreSi  btit  in  large  dosRs  paralyses  them.  Datiirin^  cieutin,  and  iodide  of  a^thylstryehtun, 
paralyse  the  chorda*  The  Mliva  ia  dinnnished  in  amount  in  man,  in  cases  oi  jmrali/sLH  0/  the 
facmf  or  syni|jatbetic  nerves^  fl«  ts  observed  in  nnilateral  paralysis  of  these  nerves. 

[Siftlogoguei  ara  those  drags  which  increase  the  secretion  ot  saliva.  Some  are  toplcftl,  and 
take  effect  whe&  ajtplieil  to  the  month*  They  excite  >»ei;rction  reflexly  by  acting  on  the  sensory 
nerves  of  the  inontli.  They  incUnle  acids,  and  varinns  iningent  bodice,  ancb  m  nmstaid,  ginger* 
pyi-ethnmi,  tobacco,  ether,  and  chloroform  ;  bnt  tliey  do  net  all  produce  the  siime  effect  on  the 
amonnt  or  niuility  of  the  saliva  ;  othei's,  the  general  sialogognea,  cau*^e  salivotion  when  intro- 
duced into  the  blood:  pbysostigmin,  nicotin,  pilocarpin,  lunHcarin*  The  Jrngs  named  act  after 
all  tho  nerves  going  to  tlie  gland  are  divided,  so  that  they  stimulate  the  periplieral  ends  of  tht- 
nerves  in  the  glamla*     The  tirst  two  also  excite  the  centnd  ends  of  tlie  secretory  ntrves,] 

[Anti-aialics  arc  those  snbstances  which  diminish  the  secit»tion  of  saliva,  and  they  may  take 
elect  upon  any  part  of  the  reflex  arc,  t.c»  on  the  mouth,  the  nlferent  nerves,  the  nerveceiitn? 
and  aflerynt  nerves,  or  njion  the  blood-streani  through  the  glands,  or  in  thegliinds  themselves, 
Opinm  and  morphia  effect  the  centre,  largo  doses  of  physostigmin  affect  the  blood -sin»ply,  bat 
atropin  is  tlie  moat  powerful  of  all,  as  it  jiaralyses  the  terminations  of  the  seei-etory  nerves  in 
the  glands,  i\tj,^  the  chorda  tynipani,  and  even  the  sympathetic  in  the  cat  (but  not  in  the  dog).] 

[Excretion  by  the  Baliva.— Some  drngw  are  excreted  by  the  saliva.  Iodide  of  potassinm  b 
rapidly  climiiiLitril  by  tho  kidneys,  and  by  the  salivaiy  glands,  and  so  also  is  kMlide  of  inm.] 

Theory  of  Salivary  Secretion.— Heidenhain  bus  recently  formnlatevl  the  followiog  theory 
regarding  the  secretion  of  saliva  : — "During  the  passive  or  quiescent  con4lition  of  tho  glaud» 
the  organic  niaterinla  of  the  secretion  ore  formed  from  and  by  the  activity  of  the  protoidasni  of 
the  secretory  cells.  A  tpiu'act'Hl  cell,  which  has  l>oen  inactive  for  some  time,  therefore  eontnins 
little  protoplasm,  and  a  large  amount  of  these  secretory  substances.  In  an  activelv  secreting 
gland,  there  are  two  [irocesses  occurring  together^  but  indejwndent  of  eacli  other,  and  regulated 
by  two  different  elaases  of  nerve-fibres  ;  nccretorif  ^fftr^  cause  the  act  of  secretion,  while  trophic 
^fibres  cause  chemical  processes  within  the  cells,  i«irtly  resnltlngin  the  formation  of  the  soluble 
constituents  of  the  secretion,  and  partly  in  the  growth  of  the  protoplasm.  According  to  the 
nuiid>er  of  both  kinds  of  fibres  present  in  a  nerve  passing  to  a  gland,  such  nerve  being  stimn- 
lated,  the  secretion  takes  place  more  rapidly  (cerebrol  nerve)  or  more  slowly  (sympathftic), 
while  the  scerction  coutixins  less  or  more  solid  constituents-  The  orrhrul  nerves  contain  many 
»©eretoiy  tibi-es  and  few  trophic  fibres,  while  the  sjmjmthf/tr  cmtain  more  trophic  but  few 
seci-etory  Rbi-es.  The  rapidity  and  chemical  composition  of  the  secretion  vary  according  to  the 
strength  of  the  stimulus.  During  continued  secretion,  the  supply  of  secretory  materials  in  the 
gland- eel  Is  is  used  up  more  rapidly  than  it  is  replaced  by  the  activity  of  the  protoplasm  ;  hence  ^ 
the  ftmount  of  organic  constituents  diminishes,  and  the  microscopic  clnn-actera  of  the  cells  are 
altered.  The  microscopic  characters  of  the  cells  are  altered  also  by  the  increase  of  the  proto- 
plasm, which  takes  place  in  an  active  gland.     The  mucous  cells  disap^K^ar,  and  seem  to  be 
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dissolved  after  prolonged  secretion,  and  their  place  U  taken  by  other  cells  derived  from  the  pro- 
liferation of  the  marginal  cells  (?).  The  energy  which  causes  the  cnrrent  of  fluid  depends  upon  the 
protoplasm  of  the  gland-cells." 

146.  THE  SALIVA  OF  THE  IKDIVISTrAL  OLAHDS.— (a)  Parotid  saUva 

(Steno's  duct) ;  it  has  an  alkaline  reaction,  but  during  fasting,  the  first  few  drops 
may  1x3  neutral  or  even  acid  on  account  of  free  COg;  its  specific  gravity  is  1003  to 
1004.  [It  does  not  contain  any  morphological  constituents.]  After  standing  it 
becomes  turbid,  and  deposits,  in  addition  to  albuminous  matter,  calcium  carbonate, 
which  is  present  in  the  fresh  saliva  in  the  fonu  of  bicarbonate.  It  contains  small 
quantities  (more  abundant  in  the  horse)  of  a  globulm-like  body,  and  never  seems 
to  be  without  CXKS,  /.e.,  sulphocyanide  of  potassium  (or  sodium), — which,  how- 
ever, is  absent  in  the  sheep  and  dog. 

[The  sulphocyanide  gives  a  dark  red  colour  (ferric  sulphocyanide)  with  ferric  chloride,  and  the 
colour  is  discharged  by  mercuric  chloride,  but  this  is  not  the  case  with  meconic  acid,  which 
gives  a  similar  colour- reaction.]  It  also  reduces  iodic  acid  when  added  to  saliva,  causing  a 
yellow  colour  from  the  liberation  of  iodine,  which  may  be  detected  at  once  by  starch  {Sclera), 

Amongst  the  organic  substances  the  most  important  are  ptyalin,  a  small  amount 
of  urea,  and  traces  of  a  volatile  acid.  Mucin  is  absent,  hence  the  parotid  saliva  is 
not  sticky,  and  can  readily  be  poured  from  one  vessel  into  another.  It  contains  1  '5 
to  1*6  per  cent,  of  solids  in  man,  of  which  0*3  to  TO  per  cent  is  inorganic  [It 
does  not  contain  any  morphological  elements.  Its  diastatic  action  is  more  powerful 
in  man  than  that  of  the  sub-maxillary  gland,  or  of  mixed  saliva.  Parotid  saliva 
is  [wwerfuUy  diastatic  in  the  rodents  (guinea-pig,  rat,  mouse,  rabbit) ;  it  is  less 
active  in  ruminants,  and  it  is  said  to  be  inactive  in  the  sheep.  It  is  almost  inactive 
in  the  dog  and  cat] 

Of  the  inorganic  constituents — the  most  abundant  are  potassium  and  sodium  chlorides  ;  then 
lK>tassium,  sodium,  and  calcium  carbonates,  sonie  phosphates,  and  a  trace  of  an  alkaline 
suh)hate. 

Salivary  calculi  are  formed  in  the  ducts  of  the  salivary  glands  owing  to  the  deposition  of 
lime-salts,  and  they  contain  only  traces  of  the  other  salivary  constituents  ;  in  the  same  way  i« 
formed  the  tartar  of  the  teeth,  which  contaius  many  threads  of  leptothrix,  and  the  remains  of 
low  organisms  which  live  in  decomposing  saliva  in  carious  cavities  and  between  the  teeth. 

Metnod  of  obtaining  saliva. — In  order  to  obtain  the  saliva  from  the  individual  glands,  a  thin 
metallic  tube  or  cannula  is  introduced  into  the  corresponding  duct  On  making  masticatory 
movements,  or  on  stimulating  the  tongue  with  sapid  substances,  there  is  a  reflex  secretion  of 
saliva  which  flows  out  by  the  tube. 

(b)  Sub-maxillary  saliva  is  obtained  by  placing  a  cannida  in  Wharton's  duct ; 
it  is  alkaline,  aind  may  be  strongly  so.  After  standing  for  a  time,  fine  crystals  of 
calcium  carbonate  arc  dejKJsited,  as  also  an  amorphous  albuminous  Ixxly.  It  always 
contains  mucin  (which  is  precipitated  by  acetic  acid)  ;  hence,  it  is  usually  some- 
what stringy  and  viscid.  It  contains  ptyalin,  but  in  less  amount  than  in  jiarotid 
saliva  ;  and,  acconling  to  Oehl,  only  0*0036  per  cent  of  potassium  siUphocyanide. 

Chemical  Composition. — Sub-maxillary  saliva  (dog) : 

Water,         .  991-45  per  1000. 

2-89 


Organic  Matter, 
Inorganic  Matter, 


5-66 


r  4-50  XaCl  and  CaC^ 

(  116  CaC03,  Calcium  and  Magnesium  phosphates. 


[Water, 
Solids, 


Mixe<l  SAliva 

(Human) 
{JacuboufUtch). 
99-51 
0-49 


Parotid 

(Human) 

(Hoppe-Seyltr), 

99*32 

0-68 


Sub-maxlUaiy 

(pog) 

iUeritr), 


99-44 
0-56 


Soluble  organic  bodies  (ptyalin), 
Epithelium,  mucin,     . 
Inorganic  salts, 
Potassic  sulphocyanide, 
Potassic  ana  sodic  chlorides, 


0.13    \ 
0  16   J 
0102 
0-006 
0-084 


0-84 

0-84 
0-08 


066 


\  0-17 
0-43 


.] 


Sec.  146.] 


MIXED   S.\L1VA. 


'■5i 


I 


GaieiL— Pfltiger  found  that  100  mh'w  eciitiinetres  of  tlie  mlivn  toiitJiined  U  BO  ;  6i'7  COk 
(part  cowld  be  pumped  mil:,  stkI  jMirt  jeouired  the  addition  ot  phosphurk  uLidl  ;  0  8  N  ;  or,  in 
lOO  vol  gaB»  0  PI  0  ;  97-88  C0«  ;  1  "21  N.  [It  therefurd  eouUiiia  much  more  COj  than  venoiia 
blood.  Kid^  obtained  from  100  c.c.  of  Iiiimun  saliva  7  c.c,  of  gas — 0  =  1  e.c,  N"2'5  c.c  ttitd 
COg  — 3'5  c,c.     He^ides  thk  ihQva  h  40 — 60  c.c.  of  fixed  CO,  in  the  form  of  earhonatei^,] 

(c)  Sllll-lm^al  saliva  is  obtaiiiecl  liy  |ikciiig  a  very  fine  cimnuhi  in  the  Juetus 
Riviiiiaiuijs ;  it  is  iitrtjutjii/  alkalijLe  in  reatition,  very  sticky  and  viscid,  contains 
mucli  uiuciii,  numerous  sidivary  corpusclosj  and  some  potassium  sulphocyanide. 

147,  THE  MIXED  SALIVA  IN  THE  MOUTH.-  Tlie  mixed  saliva  in  tlie 
mouth  is  a  niixtiirc  of  the  sc^'retionsi  fruiii  tht-  sjdivary,  mucous  and  otlirr  j^lanilsMf 
tlie  moutii- 

(1)  Physical  Characters,— It  is  an  opah'srent^  t^stcdess,  odourle?^,  sliohtly 
glairy  fluid,  with  a  f^pecifir  gravity  of  1004  t<>  1009,  and  an  alkaliin'  reat  tion  [due 
to  alkaline  bii^arbunates  arid  phosphates].  The  amoaiit  set^reted  in  twenty-four 
hours  =  200  to  1500  grams  (7  to  50  oz.):  according  to  Biililer  and  Schmidt, 
however,  ==  1000  to  2000  gmiim.     The  solid  constituents  ^  'r8  per  1000, 

Ckmipoaition,  — The  Bolids  &tv  : — Epithelium  aad  mucuH,  2'2  ;  plytttiii  and  albumin,  1  "4  ; 
Hahs»  2  '2  ;  potASMium  .Hulplioc^'anide,  0*04  per  1000.  The  iisli  contains  chieliy  jwtashi  phofiplioriu 
acid,  and  tihloriue  (Nainfuerbtuhtr). 

Deeomt»osition- prod  nets  of  epithelium »  salivary  corpnscleit,  or  thp  reniAluft  of  fixnl,  nifly  render 
it  aeiii  (rmpomnhj^  ais  after  mug  fiistnig^  and  after  mueli  streaking ;  the  reaeticin  la  acid  in 
some  €asf'?i  of  dv-^pejinia  and  in  fever,  owing  to  thi^  stugnEition  and  insntRdent  secretion. 

(2)  Microscopic  Constituents.— (a)  The  salivary  corpuscles  are  slighth-  larger 
than  the  while  Idood -corpuscles  (8  to  1 1  /x),  and  are  ntieleated  prok>phisnn€  globular 
cells  without  an  envelope  (fig.  185),  While  the  eorimscles  are  living,  the  particles 
ill  tlu'ir  interiur  exhiliit  m<flertifar  or 
BrowmaE  movement.    The  dark  gnm- 

ulcs  lying  in  the  proto[4a8m  are  thrown 
inUi  a  trembling  movement,  from  the 
motion  of  the  fluid  in  which  they  are 
suspeiKled.  This  dancing  motion  stops 
when  the  cell  dies, 

[Tlie  Brownlan  movements  of  tliese  suspended 
t^ninides  are  purely  physical,  and  are  exnibited 
by  all  fine  inierosco|>i(^  particles  suspended  in  a 
Umpid  fluid,  f.^.«  gamboge  Hubhcd  up  in  water, 
[►artici  cs  o  f  tarmi  u  e ,  cha  re  on  1 ,  &  «\  ]  r  ig»  1  o*k 

(b)  Pavement  epithelial  cells  from  tbe  Microscopic  charactrn*  of  mixnl  saliva  and 
nuicoiis  meudu^ne  of  tlie  mouth  ami  tongue  ;  the  buccal  secretion,  a,  ejdthelial  Cidls  ;  h, 
they  are  very  abundant  in  catanh  of  tlie  njouth  »alivary  corpiisdes  ;  t*,  fat  droplets  ;  rf,  leu^ 
(tig.  185),  cocvtea  ;  f\  spiroehtetJi  blttcahs  ;  f,  comma 

(c)  Living  orgamamfl,  which  live  and  thrive        bacilhis  of  the  mouth  ;  tj,  Leptothrix  luc- 
iii  the  cavities  of   teeth,  munished  by  thti  re-        ^alis;  ft,  i,  it  different  forms  of  fungi, 
liuLitiM  of  footl.     AmongHt  these  are  Lrjifothrix 

hur^aHft  (figs.  171 ,  185)  a  Jul  small  hai  terindiki'  orgaidstUH.  The  threjwls  of  the  leptotltrix  penetrate 
into  the  canals  of  ilui  dentine,  and  produt:e  dunttd  onries,  [Miikr  has  franid  twtrtty  five 
varieties  of  miLro-organiwm.H,  iuehiding  cocci  (lodocoecus  vaginatns),  bacteria  (Bacillua  baeealis 
inaxiraus),  vibritis»  spirilla  (Spirillum  sputigenuni),  and  apiroehsehe  (Spirochteta  dentium), 
eight  of  them  preseot  in  the  Htomaeh  aud  twelve  in  the  inteatikifis.  The  Zooglea  form  of 
Le]>tothriK  form!*  the  yellow  scum  on  the  teeth.] 

{3}  Chemical  Properties. — (a)  Org'anic  CQTmiitVLenU.—Serum-annnnin  is  ju-eei- 

pit4ite<l  hy  heat  atui  by  the  addition  of  uh.^diol.  In  ^jtlivi*,  udxed  with  much  water 
auil  Hiiiikeu  up  witli  CO.,,  a  fjitji/ulhi-Hlr  iKidy  is  [uvripitated  ;  wj/ein  occurs  iji 
small  amount.  Amongst  the  extractives^  the  moi^t  important  is  ptyalin  ;  fafs  aud 
urea  wcur  cmly  in  traces.  In  twenty-four  huurs  130  millignuns  of  potassium  or 
scnlium  sul[thocyanide  are  secreted, 

[Mucin  makes  aaliva  viscid.     It  i.s  precipitated  by  acetic  acid,  but  if  muidi  NaCl  he  added  an 
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QXoess  of  ftci.l  ^vill  not  precipitate  it.     It  is  a  very  roniplex  boJy,  Imt  it  cam  be  split  up  into  & 
proteid'like  body  ftiul  a,  cddnjliyilmte  (§  250,  1)*] 

{h)  Inorganic  CoEatituents. — Stxlium  and  ]iotrtssiuni  chloriUus,  [x>tasdum 
su]|ihat(\  iilkaliiio  and  furtliy  iiliosj^hates^  ferric  j>liospliate. 

According  to  Sclniubeiii,  the  saliva  iontnina  traeca  of  nitnUs  (detected  by  abiding  dilato 
sulplninc  acid  and  dianiidodieuzol  to  *iihite  saliva),  wldeh  give  a  yi^lloiv  colour  {frrie»).  There 
lire  Also  tmocs  of  aniuioiiiii  iBrihlr)^ 

Abnomial  GonBtituenta. — In  diabete^s  mellitus^  ladic  a^id,  derived  from  a  further  deconiposi- 
liou  of  grftpe-ftugar,  is  found.  It  di.*4.solves  tlie  lime  iu  the  t^ieth,  giviu;^  rise  to  tliabetic  deuUt 
mrU's,  Frerichs  found  hm^in,  and  Vulpian  increase  of  albumin  in  albuTiiinurin.  Of  foreign 
stubstancea  taken  into  the  Iwdy,  the  following  appear  in  tlie  saliva  i— Mercury,  {Kitasaium, 
iodine,  and  bromiiie. 

Saliva  of  New-BorE  Children.— In  lU'w-lKirn  ^Jiiblrfn,  tlie  ]iar<>tid  alone 
contaioH  ptyuliji,  Thi?  iliaBtatif  ft-Tuient  seems  to  be  develupt'il  in  the  sul»-rjnix diary 
glainl  and  pancreas,  at  the  earliest,  after  two  iiiontlis.  Henee,  it  is  nut  advi^^^ble 
to  give  starehy  fof'd  to  infants.  Xo  ptyjdiii  bas  been  foiunl  in  tin*  saliva  of  infants 
suffering  from  thrush  (Oidinm  alhifuns — Zweifdy  The  diastiitic  aetion  of  SiUiva 
is  not  al>solnt(  I}'  neei'SKary  for  tlie  suekHng,  fee<ling  iv&  it  doen  niKui  milk.  The 
mouth  1  luring  the  lirst  two  montliy  is  not  moist,  but  at  a  later  perio<l  i^idiva 
i.s  t'o|dously  Heeri^ttnl  (Kot'ofciit)  :  after  the  first  six  nionths  the  i>alivnr%^  glnntls 
incrt*ase  consiflrralily.  The  eruption  of  tlu^  teeth — owing  t*5  the  irritation  of 
the  nnn^ons  meml>mne — produres  a  ropious  seeretion  tjf  stdiva. 

148.  PHYSIOLOOICAL  ACTIONS  OF  SALIVA,— I.  DiaAtatic  Action. ^The 
ni'M.  im[H>rtant  eheudeiil  aetion  exerted  by  saliva  in  tligestion  is  it<  dia.statie  or 
aiiiylolytii!  aetion  (I^urhA,  1831),  i>.,  the  tran-sformation  i>f  sl^ireli  int-i>  deattrin 
and  sunie  form  of  sugar.  This  is  due  to  tlie  ptyalin — n  hydrolytic  ferment  or 
enzyme^ whieh,  even  when  it  is  ]iresf'nt  in  \<n\  niijuite  quantity,  <  auses  starch 
to  Uike  up  water  ami  lieeome  soluble,  the  ferment  itself  undergoing  no  essential 
ehange  in  the  pro<"ess.  [I^tyalin  lielongs  to  the  grcaip  of  unorganised  fr^rmentj* 
(§  250,  9).  like  all  oUier  ferments,  it  act«  only  within  a  certain  range  t>f  tejiipera- 
ture,  being  most  active  about  40'  C.  Its  energy  is  jiermanently  destroye^l  by 
hoiling.     It  acts  best  in  a  shghtly  alkaline  or  neutral  medium.] 

II.  Saliva  dissolves  those  substances  which  are  8i>hible  in  water ;  its  tdkaline 
reaction  etiableii  it  t*i  dissolve  some  substam.es  which  are  not  »oluhle  in  water  alone, 
but  rctpiire  tlie  presence  of  an  alkali. 

III.  Hidiva  moist^^ns  dry  food  and  aids  mastication  and  tlie  formntitm  of  the 
**  bolttiN,"  while  by  it.s  miu'in  it  helps  the  act  of  swallowing,  the  Uiuein  Ixmig  given 
off  unchanged  in  the  fapces.     The  ultimate  fate  of  ptyalin  is  unknetwn. 

[IV.  Saliva  also  aitls  articulation,  and  accortling  to  Liehig  it  c^irries  down  into 
tlie  stomach  small  quantitii\s  of  <).] 

[Y.  It  is  neces^iry  to  the  sense  of  Urst-c*  to  dissolve  sapid  sul-jstanees,  and  bring 
tluun  into  relation  with  the  end-organs  of  the  nerves  of  t*iste,] 

Saliva  has  no  action  on  proteifl«  or  on  fats, 

Tlie  prenenee  of  a  peptone-fonning  ferment  haj*  recently  been  detected  iu  saliva  {Hujurr, 
Muni  J  KiiftHf),     {PerfeL'tly  healthy  hunuiii  Hidiva  has  no  jfoiaonons  properties.  J 

[Action  of  Saliva  on  Starch. — Starch-grains  consist  of  grannlose  or  starch 
encloB(*d  by  coats  id'  ceUulose.  Htandi  grains,  ejj.^  of  the  indato,  consist  of  oval 
microscopic  grtmules  witli  concentric  markings  arranged  in  a  bdi-sideil  mtumer 
around  an  ecrentrically  placed  spot,  the  hilum  (tig.  186).  Cellulose  does  not 
apjjeur  to  be  afl'eeted  by  saliva,  so  that  saliva  aeti+  Init  slowly  on  raw  unl»oiled 
starch.  If  tin-  slairh  be  lioiled  so  as  to  swell  up  the  stiirth-gmin^^  ami  ruptui^e 
tlie  cellulose  envelopes,  the  amylolytic  action  takes  jdace  nipidly.  If  standi-j»ast43 
or  starch-mucilage,  made  by  boiling  starch  in  wak'r,  1>p  act^il  uixm  by  sAliva, 
esjiecially  at  the  temperatmre  of  the  hfjcly^  the  first  physical  change  observable  La 
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tlio  liquefaction  of  the  pmU}^  the  iiiixt^ire  becoming  more  fluid  anil  trans j*arent. 
The  fliiUige  takes  jilace  in  a  few  minntes.  \Vlien  the  action  i.s  c<uitinued^  important 
chemical  changes  oL'cnr,] 

Accortling  to  O'SidHvan,  Muacidus,  and  \\  Meriiig,  the  diastiitic  ferment  of 
.saliva  (and  of  the  jiancrea:^),  by  acting  UJ^^on  starch  or  glycogen,  ftirins  dextrin  and 
maltOBe  (l>f*tli  solnhle  in  water).  Several  closely  allied  varieties  of  dextrin, 
distinguishable  l>y  their  etilour-reactionii,  seem  to  )>e  ] produced  (Brikktf),  Erythro- 
dextrin  is  formed  lirst>  it  gives  a  red  colour  with  iodint-  ;  then  a  reducing 
ilextrin — achroodeztrin,  whicJi  give.s  no  colour-re  act  ion  with  iodiue.  The  t^ugar 
formed  by  the  action  of  [ityalin  ui>on  starch  i>5  maltose  (CigH^^Uij +  H.jO),  which 
is      distinguished      from 

grape-sugar  (Cj.>r,^(>i2> 
by  containing  one  mole- 
cule le^  of  water,  wdneh, 
however  it  holds  as  a 
moiecide  of  w^ater  of  hy- 
dration. [Maltose  also 
differs  from  grai>e-siigar 
in  its  greater  rotati)ry 
l>ovver  on  polarise^l  light, 
the  former  =4-1 50"",  the 
latter  +  56°,  and  in  it-s 
smaller  power  of  reducing 
cupric  oxide,  the  ratio 
being   100  :  6L       Thus, 


Fig,  186, 
Grains  of  potato- starch  x  300. 


l>t*t\veen  the  original  t>tareb  and  the  tinal  jiroduet, 
I^aIt<^^se,  several  intermediate  bodies  are  formed.  The  starch  gives  a  blue  with 
iodine,  but  after  it  hiia  been  acted  on  for  a  time  it  gives  a  retl  or  violet  colonr, 
indicating  the  presence  of  erythrodextrin,  there  l>eing  a  simultaneoiis  proiiuetion 
of  sugar  ;  hut  idtinmtely  no  colour  is  obtained  on  ad«ling  icKline— achiw>dextrin^ 
which  give8  no  colour  with  itwline^ — and  maltose  !ieiog  forme<l.  The  presence  of 
the  maltose  ifi  easily  deteruiined  l»y  t-i-sting  with  Fehling's  ar^lution,] 

[Brown  and  Heron  suggest  that  the  tinal  result  of  the  transformation  may  be  re- 
presented by  the  equation — 

10(C,.,H„,O,,)  +  mp  =  8{C,,H,,0„)  +  2(C,,H^O,„) 

Soltible  Htnit'ii.         Wftter.  Mtiltonc.  AfhrooJcjctrln, 

The  ferment  slowly  changes  maitose  into  gra|ie-sugar"r  dextrose.  This  result 
may  be  brought  about  much  more  rapidly  by  boiling  inalt0i*e  with  dilute  .sul[)hurie 
or  hytlrochloric  aiid.]  Aehrowlextrin  ultimately  paKsrs  into  maltose^  ttnd  this 
again  into  dextrose  ;  the  other  form  of  dextrin  does  not  seem  to  undergo  this  change 
{Seegen's  Dystro|Hjdextriii).  For  the  fuither  changes  that  maltose  undergoes  in 
the  intestine,  see  S  1^3,  II,  2. 

[Action  of  Acid  on  Starck — 8t4irch  may  he  convertetl  into  ilextrin  and  sugar  by 
boiling  it  with  a  dilute  acid,  ejj.^  HCl,  hut  tliere  is  a  diffen'nce  between  this 
hydration  producing  an  acid  and  that  jiroduced  by  a  ferment  like  ptyajin.  In  the 
former  case  the  sugar  protluced  is  wholly  dextrose,  no  maltost?  l>eing  formed.] 

[The  fonuula  of  starch  \%  usually  expresBeil  as  CaH,oOa,  but  the  re»earche«  alreatly  laea- 
tiouefl,  and  those  of  Brow  a  aud  Huron,  make  it  nrolMiblt'  that  it  is  more  coaii>lex,  which  wp 
may  provisiotially  rej)roHeijt  by  «C,2H2o.O|(^,  Accortfiag  to  Must:uliiH  and  Meyer,  erythrodyxtriii 
Is  a  mixture  of  dextna  and  soluble  starch.] 

Preparfttiou  of  Ptyalin.— (1)  Like  all  other  hydrolytic  ferments,  it  i»  carried  down  with  any 
editions  jireoipitate  that  iK  piudnced  in  the  II aid  which  contains  it,  and  it  can  Ims  iaulated  from 
the  luecipitate.  Tbe  ualiva  is  aciihilated  with  phosphoric  acid,  hray- water  i»  added  until  the 
ruction  becomos  alkaline,  when  a  |irecipitat«  of  the  basic  calcinm  phosphate  occura^  which 
carnes  the  ptyahn  along  with  it.     Thii*  precipitate  ia  coJlected  on  a  fitter,  wasbed  with  water. 
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which  dissolves  tlve  ptyulin,  ami  from  ite  natery  solution  it  h  preoipitateil  by  alcohol  nn  a  wUite 
powder.     It  ia  redissolveti  in  water  And  reprtcipitate*!  oiid  i^  ouLiined  purF  (Cohnhrim)^ 

(2)  Glycerin  or  v,  Wittich^a  Method. —Tlie  saHrftry  glands  |mt]  are  chopped  up,  placed  in 
abfiohite  alcohol  for  twenty-four  hours,  taken  out  iinil  dried,  and  afterwards  placed  in  glycerin 
for  several  daye^  which  extnietji  the  ptynlin*  It  is  precipitated  by  aIe4jhol  from  the  glyceiiii 
cxti-act, 

(it)  William  Roberta  reLiommeuds  the  followiug  solutiotiB  for  extracting  ferments  from  or^^ans 
which  contain  them  :— (1)  A  3  to  4  per  cent,  solution  of  n  mixture  of  2  parts  of  lioraeic  »c'id  ttiid  1 
part  boriix.     (*2)  Water,  with  12  ta  15  pt  r  cent,  of  nhn»hol.    (3)  1  mrtctiloroform  to  200  of  water. 

Condidona  affecting  the  Diastatic  Action  of  Saliva,  {it)  The  diasitatie  or  ^u^r-rorming 
metion  is  known  by  — (1)  Tlw  disappearance  of  the  atarctt  When  a  small  quantity  of  st*irch  u 
l»oiled  with  several  hundred  limes  its  volume  of  water^  starth  uiutilage  is  obtained,  which 
strikes  a  blue  tolour  with  ioiline.  If  to  »i  sum II  quantity  of  this  starch  a  nulticient  amount  of 
saliva  be  added^  and  the  inixtiue  kept  for  some  time  at  the  tem|»eratun2  of  the  body,  the  Iduo 
colour  disappears.  {'!)  Tli«  presence  of  sugar  in  jiroved  dinx  tly  In'  using  the  testa  for  sugar 
(§  U9). 

(h)  The  action  takes  i»lace  more  jiloniy  in  the  i^ufd  thjiu  at  the  temperature  of  the  body— its 
iictiou  is  enfeebled  at  55^^  C,  and  destroyed  at  75"  C.  [Fnachuiin}.  The  most  favourable 
temi>erature  is  35""  to  3^*  C. 

(c)  The  ]ttyalin  itself  does  not  seem  to  be  changed  during  its  action,  but  ptyalin  which  has 
been  used  h*r  one  exiieriment  ia  less  active  when  used  the  second  time  {FascJtudn). 

Ftyalin  differs  from  diastase— tlie  ferment  in  gerunnating  grains— in  so  far  that  the  latter 
first  begina  to  act  at  +  Cft"  C.  Ptyaliu  detjoraimscji  saliein  into  saligeniu  and  gmjie-sugiar 
{Ff^trriehs  and  SUidfet*). 

{d)  Saliva  act**  best  in  an  exactly  neutral  medium,  but  it  also  acts  in  an  alkuliue  and  eVen  iu  a 
slightly  acid  fluid  ;  strong  acidity  prevents  its  action.  The  ptyulin  is  only  active  in  the  stnniaL'h 
when  tlie  aeidiLy  ii*  due  to  oafauic  acUin  (lactic  or  butyric),  and  not  when  free  hydrochloric  acid 
is  prcacnt  (ivtw  de  I'dde).  In  both  cases,  however,  dextrin  is  formed.  l*ty<din  is  dej^troyed  by 
hyurochlorie  acid  or  digestion  by  iH:-{>sin  {ChiUendcfi  and  Griarritld,  Lan{/tef/).  Even  butyrie 
and  luetic  acids  formed  from  grtqMj  sugar  in  the  atom&ch  may  prevent  its  action  ;  but  if  the 
acidity  lie  neutralised^  the  action  is  resumed  (€7,  Bemartl), 

{e)  The  addition  of  common  salt,  ammonium  chloride,  or  sodium  aultdiate  (4  percent,  sotu- 
tinu),  iucrmus  the  activity  of  the  ptyalin,  and  COi*  acetate  of  quinine,  strychnia,  mor])hiA« 
cnrare,  0  025  per  cent  sulphuric  acid,  have  the  same  eflecL 

(/)  Mmh  alcohol  and  cnustic  potash  destroy  the  ptyalin  :  long  exi>osure  to  the  air  weakens 
its  action,  sodium  carbonate  and  magnesium  sulphate  dehiy  the  action  {P/ciffer),  Salicyiic 
acid  and  much  atropin  arrest  the  formation  of  sugar. 

(j/)  Ptyalin  acts  vt>iy  feebly  and  very  gradnally  ui>ou  raw  at&rch,  only  after  2  to  S  hours 
(Schijf) ;  wliile  iq>on  Ixiiled  starch  it  acts  nipidly.  [Hence  the  necessity  for  boiHpg  thoroughly 
alt  starchy  foods,] 

(A)  The  various  kinds  of  starch  are  changed  more  or  less  ia]ddly  according  to  the  amount  of 
cellulose  which  they  contain  ;  raw  potato  starch  after  if  to  3  hours,  raw  maize  starch  after  2  tc» 
8  minutes  {Bammarntfn);  wheat  starch  more  quickly  than  that  of  rice.  When  the  starches 
are  powdered  and  boiled,  they  are  changed  with  equal  nipidity. 

(1)  A  mUiiire  of  tlie  saliva  from  all  the  ^land^  h  more  active  than  the  saliva  from  any  single 
gland  {Jakubowilsch},  wliile  mucin  is  inactive. 

[(J)  The  action  of  ptyalin,  like  all  such  ferments,  is  hindered  by  the  products  of  its  own  action. 
As  the  sugar  accn  mm  latent,  the  actiou  of  the  ptyalin  is  slowed  or  anested.  If  the  sugar  formed 
be  removed  the  ptyalin  again  acta  on  the  remninder  of  the  starch.] 

[Effect  of  Tea. — Tea  has  an  intenselv  inhibitory  ttrect  on  salivary  digestion,  w^hich  is  due  to 
the  largo  quantity  of  tannin  containerl  iu  the  tea-leaf.     Coffee  and  cocoa  have  only>  slight 


effect  on  siilivary  digestion.     The  only  way  to  tnitignte  the  inhibitory  effect  of  tea  on  flajivaiy 
digestion  U  **imt  to  sip  the  beverage  with  the  meal»  hut  to  cat  tfrst  and  drink  afterwards 
(Jlubcrt^.] 

IW.  TESTS  FOE  SUGAR,—!.  Trommer's  test  depemls  «poii  tlK^  fact  that,  in 
ulkalioe  s<dntion!s,  stigur  arts  as  a  reducmg  agent;  in  this  m^e  a  iiu^talUe  oxide  is 
chaiigiMl  into  a  tiiiboxitlo.  Tu  tlit*  fluiil  to  lie  invest ij^^uti.*d,  add  J  of  its  volume  of 
a  ^iulution  of  caiiisti*'  potJisli  (.sada),  8pi3cific  gravity  I  '25,  ami  a  ff'w  drtipj*  of  a  weak 
solution  of  €U|iric  .suljdiat**,  which  cau.se8  at  first  a  liluish  pn-cipitiiti^  corusistlDg  of 
liydratcd  cnpric  oxide,  but  it  is  roclis^olvetl,  giving  a  eleiir  blue  tltdd,  if  siigar  bt* 
present  Ilcat,  the  niiper  stmtuiii  of  the  tluid,  and  a  yellow  or  red  ring  of  cuproiLs 
oxide  hi  obtained,  whidi  iiidieateM  the  protience  of  siigar  ;  i?Cy(>  —  O  =  Cii.^0. 

The  stdution  of  hydrated  cupriu  oxide  is  caused  bv  other  organic  suljstauces  ;  hut  the  fia&l 
stage^  or  the  production  of  cuprous  oxide»  is  obtained  only  with  certain  attgars — grape-,  fruit- 
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and  Diilk-  (but  not  Ciiiie-)  8U^r.  Fliu«ls  ^vhidi  arc  turliM  must  bt?  previously  filtered^  nnd  if 
they  ai-fi  higlily  eo Inured,  thoy  iiiiiBt  be  treated  with  basic  li^aii  acetalu  ;  the  lead  acetate  is  after- 
wards ri'inovea  by  the  adilition  of  sodiuin  i»hoftphiite  and  siitfse«|U*  ut  hltration.  If  very  siiiall 
ijutintiLics  of  ftUgiir  are  present  ftlnng  witJt  coin  pounds  of  iiriinioiiiu,  a  yellow  eoloar  instead  of  a 
yellow  precipitate  niay  be  obUiiied,  In  doing  th»*  test,  care  innst  he  taki'i)  not  to  add  too  much 
eiiprie  stidplinte. 

[±  FeMingB  Solution  is  ini  alkaliju'  solution  of  pntjusiiuvtjirtiat*^  of  iopix^r. 
Boil  ;i  Hiiiall  (lUiUitity  i4  the  <lt't)p'ldtK^-tfd<>ured  Frhliu^^'s  snlutiuii  in  a  te^t^tiiln?, 
iiiiil  iuhl  1*1"  the  l)oiliu|;,'  U'ihi  ti  fcMV  drops  of  tht*  fluid  sii|>]>nsiMl  U\  rDiitaiu  tlii^  mij^far. 
If  HUi^ar  be  pif\seiit^  the  L"<n>|ter  sulution  is  rednred,  k^^'*^*K  '*  yellow  or  reddish  pre- 
t'ipitiit4».  The  reiirttm  for  Iwdling  the  ti'st  it'^elf  is,  thut  tlie  solution  i,s  a]it  to 
deci>mpose  when  kept  for  sojuc  time,  wJien  it  is  imM-ipitnted  by  lieat  alone,  Xliin 
in  one  of  tfie  iK^rtt  and  niuHt  reliable  testj*  for  the  pri'senee  of  supn'.  In  Pairy's 
modi  hen  t  ion  of  i\\U  te^t,  anunonia  is  ti^^ed  inftteiul  of  a  cjiustii*  alkali  (g  267),] 

(3)  Bdttger'8  Test. — Alkaline  hisnmtb  oxide  aohition  is  best  prepared,  iieeording  toNylander, 
tiK  follows  :— 2  grniH.  biitinutb  subiiitrate,  4  gvm^.  j*<jtassie  nnd  .sodie  tartrate,  100  grm8. 
eanatie  soda  of  S  per  i-ent.  Adii  1  i!.€.  to  every  10  e,e.  of  tbe  fhiid  to  lje  investigated.  When 
boiled  for  st^veral  iiiiniites,  the  HUgiir  eausen  ibt^  reduction  nnd  d<?iJOsila  a  Idftok  ]jrt?ci]dtate  of 
nietallie  biNiiinth.  [Aceordin^  to  iSalkowski  tbe  yriiie  of  a  isei-ison  taking  rbuljarb  gives  tbe 
same  react iou  with  tliis  test.] 

{4)  Moore  aDd  HeUer'i  Teat. — Cuustic  fwtasb  or  »oda  is  ailded  until  tbe  mLxttire  ia  strongly 
alkaline  \  it  is  alterwanl'*  boiled.  If  su^ar  bf  presi'iit^  a  yellow,  brown,  or  brownisb-black  cDlom- 
tion  is  obtained.  If  nitric  acid  be  snlded.  the  odour  of  biinied  sn/^Nir  (caraniel}  and  formic  ackl 
la  obtaioed. 

(f*)  Mulder  and  Nenbauer's  Teat.  — A  nolution  of  indigo-cariuine,  rendered  alkaUot^  with  so^lic 
carbonate,  is  add* d  to  tlie  siigir  siohition  until  a  ^sli^lit  bluish  colour  is  rd>taiued.  When  the 
mixture  m  b<?ated,  the  colour  peiases  iutu  purple^  it^d,  and  yellow.  When  shaken  with  atmo- 
.Hpbcrie  air,  the  thiid  again  becumes  blue. 

Moliacli'it  Teat. — To  5  c.cni,  of  the  Ihiid  add  2  <Iro|w  of  a  17  pm'  eeut,  alcoholic  jwdiition 
of  a-napbtboh  or  a  solution  of  tbytuol.  Add  1  to  2  crnu  of  coueentrated  »ulpbuHc  acid, 
and  Nliake  the  tnixturc,  Tbe  prfHcm-e  of  .HU^ar  colours  the  <»-natdithui  niixtiiDi  deep  violet, 
the  thymol  dee[»  r?d.  Th*^  iiubHcn|Uent  addition  of  wat^r  causes  a  precipit-ati'  of  similar  e(doMr» 
which  is  insoluble  iij  *:fj»centrated  hydrochloric  acid.  Alhumiij^  caatdD*  and  jKptone  give  tin' 
same  rmctioii  (Scegcn),  but  tbe  deposit  ou  the  addition  of  water  in  sobiblc  in  concentrated 
bydrochlorie  acid. 

Other  tests,  including  thi'  Phenyl-liy<lmdii  teat,  are  deHcrif>ed  in  §  'Ml. 

lu  all  fAfte^  where  albun>in  t-i  present  it  inu^t  Ik^  removed — in  urine  by  ncidulatt tig  with  acvtic 
acid  and  boiling  ;  iu  hlootl,  by  adding  Jour  times  its  voIuuh'  of  alcohol  ami  afterwjtrds  filtering, 
wbilts  the  alcfdiol  h  expelled  by  heat,  [If  peptone  be  ]ireseot  the  cuprouu  oxide  may  not  Iw 
IjrL'cipilatfd  on  Imiling.  The  mixture  must  be  evaoorated  down,  tb»"  sugar  diHsolved  out  by 
alcohol,  and  the  t*3iit  Un  sugar  o[»plicfl  in  a  w:itery  :+olutioi»  of  the  nleoholic  extract.] 

150.  QUANTITATIVE  ESTIMATION  OF  SUGAfi.^L  By  Fermentation,— In  the  glass 
vessel  (lig.  187,  ft)  a  meiwired  quantity  (20  e.eni.)  of  the  fluid  (sugar)  is  plawd  along  with  some 

yeaat,  while  b  contain?*  conwntmted   sulphuric  acid,     Thf  , ^  ^  ^ 

whole  apparatus  l»  then  weighed.  When  exposed  toaaulti- 
eient  temiiei-ature  (10"  to  40M.'.),  the  sugar  splits  into  2 
juolccnlea  of  alcohol  and  2  of  carbon  dioxidt*, 

C,HxjO,  ^  2(C,H«0)  +       2(C0,), 

iiud  in  addition  there  are  formed  traces  of  glycerin  and  sue- 
dnic  acid.  The  CO.j  e>*capeH  from  b^  and  as  it  paaafs  through 
the  HjSOj,  the  CO^  yields  to  the  latter  its  water.  The 
apparatUH  is  weiglied  after  two  tla^^R,  when  the  n^acjtion  is 
ended,  and  the  amount  of  sugar  i»  calculated  Ironi  the  loss  of 
weight  iu  the  20  cem.  of  fluid.  100  part^j  of  water- free 
sugar  »-  48  "89  [nirts  CO^  or  100  iiarts  COj  oorrospond  to 
204  '54  parts  of  sugar. 

n.  litration. — By  meani}  of  Fehliug's  solution,  which  is  madt*  of  such  a  strength  that  all  the 
''o|)per  in  10  cubit:  centimetres  of  the  solution  is  reduced  by  0  05  grams  of  grape-sugoi' 
(§  2<j7). 

m.  OircnmpolarlBAtion,  -The  laooharimjeter  of  Soleii  Ventzke  nmy  be  uschI  to  determine  the 
amount  of  .nugar  present     It  may  also  be  nsed  for  the  ipiantitativo  estimation  of  albumin. 


Fig,  137. 

Ap[ianttus    for   the  quantitative 
estintation    of    sugar    by 
mentation* 


fer- 


Sugor  rotates  the  ray  of  iKjIariscd  light  to  tbe  right  and  albumin  to  tbe  left. 


Th<3  amount  of 
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rotatioUi  or  ^'HjH^eitic  rotntoiy  |>uwi*i'/'  is  directly  propottional  to  llie  amount  of  the  rc^tAtiiig 
subst^iuce  |irt'sent  iu  tUv  solution,  so  tliat  tho  amount  of  rotatioti  oftbt*  roy  iudicatea  tlip  amount 
of  tlie  8iib«t^iic'f  [»iX'8t!iil.  By  the  t«rrn  '" specific  rotatory  power''  in  ijieaut  the  ilo^rcr  of 
rotation  which  U  |irodtiL(id  by  1  j|rui.  ttf  th*j  8ubi»taiicc  dijisolvefj  in  1  f.cni.  of  water,  uhou 
€xaniiiied  iu  a  layer  1  decimetfe  thick.     For  yellow  light  the  8i)«cific  rotatiou  of  grafie-sugftr  ih 

In  lig.  188  the  light  from  the  lamp  ttdU  upon  a  crystal  of  calc-spar.     Two  NicoFs  iirianjs  are 
placed  at  v  unJ  v,  v  is  rnoviiUe  ruuyd  iLe  rixij*  of  vision,  while  ^  is  Hxetl.     In  m  Stileila  doublv 


Fig.  188. 
Sotetl-Veatzke's  jiohirisatiou  npparatiLs. 

plate  of  rriiartz  in  phwd,  so  that  one  half  of  it  rotate8  the  ray  of  jrfdaHi^il  li^^ht  aa  much  to  t^K* 
ri^ht  as  tlie  oth<?r  rotFilfH  it  tu  tiw  left  In  ^i  the  iii  hi  of  Tisioii  is  covered  by  a  plate  of  U/t. 
rutntartj  f|tmrt3e.  At  h  c  b  tlie  rtw/irHmtor,  conifiosed  of  tuu  ri^'ht- rotatory  prism*  of  quartx, 
whkh  can  he  diapheed  laterallv  hy  the  milled  head,  ff,  m  thwt  tlie  poltiriiM.'d  lij^bt  paMing 
through  the  apparatua  can  b*?  mmh  to  mm  through  a  thicker  or  thirmer  layer  of  qnartx.  Wbeu 
thesi^  right-rotatory  prisms  are  phteed  in  a  certain  jxiaition,  the  rotation  of  the  left-rotatory 
•juartz  at  n  is  exar'tly  ni'UtTalised.  In  this  position  the  Hcale  on  tlie  tompensator  has  its  nouiiiK 
exactly  at  n^  and  both  hidves  of  the  double  plate  at  m  apjMar  to  Inue  the  same  colour  to  thi* 
olwrver,  who  from  r  looks  through  the  tele^upe  pUuM  at  e.  Rotate  the  Nieol'H  prism  at  v 
until  rt  bright  rose  coloured  lield  h  obtained.  In  thi«  pa^ition  th**  teleseopf  nnist  he  so  adjusted 
that  the  vertical  lint  hounding  the  two  halves  HbaH  bedrstinctly  risible.  The  npi^ratus  is  uow 
Feady  for  uae. 
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Fill  a  tuW,  1  iiectmetre  in  length,  with  iiriiic  oontaininx  sugar  or  nlbumin,  the  urine  being 
jwrfectly  clear.  Tlti>  tube  is  placed  bf'twiien  vfr  and  /i.  By  rotating;  the  Nicol's  fimnis,  t\  the 
ro«ie*i?olour  lA  ajB^iti  ohtaiued.  The  Lomponsator  at  *?  is  tht^n  rotated  until  Isoth  halve*  of  the 
field  of  vision  have  exactly  the  s&me  colour.  When  this  is  obtdiiJiKi,  read  oil'  oji  th*?  muh  ihe 
uui<i!»cr  of  degrees  the  nonius  h  displared  to  the  right  (sugar)  or  to  the  Inl't  (alhuioiu)  from  jiero. 
The  niindjer  of  degrees  indieates  directly  th«  number  of  gram«  of  tVe  rotating  subataiice 
IM-eseiit  ill  100  e.r.  of  the  lluid.  If  ih*;  fluid  is  very  ilnrk  foloured,  it  nvuat  be  deeolorijRid  hy 
Hlteriiig  it  through  nuiinal  elmnjoal  (^SVryeH),  [or  the  eolouriog  matter  may  be  iireciprtateil  by  the 
addition  of  lead  acetate.]  If  the  sugary  urine  eon  tains  albumin,  the  ktter  must  l>e  removed  by 
bulling  imd  filtration.  A  turbidity  not  removed  by  filtration  may  be  got  rid  of  by  adding  a  droi» 
of  atietk*  acid  or  seveml  drojie*  of  aodic  ttarbonate  or  ndlk  of  lime,  and  aftenvards  filtering.  [Oue 
may  aUo  eniidoy  the  apijaratms  of  Mitaehcrlich^  or  tht^  **  balf-sbaduw  ni^iaratvus *'  of  Laurent,} 

151.  MECHANISM  OF  THE  DIGESTIVE  APPAEATUS.— Tbis  emLi-aces 
the  fullowiii^  M'U  I — 

1.  The  iutrotliiction  ninl  iria.stici»titiii  of  the  Uxh\;  tlic  movements  nf  the  tougvte; 

itisuli^'uiiou ;  formatiuii  of  tlu^  Indus  of  fuuil. 

2.  1  )eglutiticuu 

3.  Tli€  inovcimiiits  of  the  .stoiinudi,  siiiall  mid  largo  iiite8tim\ 

4.  The  exeretiou  of  fsecid  nrnttei-ji. 

152.  IKTEOBUCTION  OF  THE  FOOD.-  Fluida  are  taken  intti  the  mmtth  iii 
three  Wdyn  : — (1)  By  SUCtioil,  the  lips  fire  up] died  iiir-li|^dit  tn  the  ves^itl  contjiuiitig 
the  finid,  wliile  the  tt*iigue  Is  retraetetl  (the  lowei  jaw  heing  often  depressed)  und 
iiet-i?  like  the  inston  in  a  snetiun-pnmp,  tluLs  eansing  the  finid  to  enter  the  mutith. 
Ilerz  fonntl  that  t!je  negative  pri^s>inr<-^  eaiised  hy  an  infant  whihj  8tieking  =  3  to  10 
mm.  Hg.  (2)  The  flni<l  is  lapped  when  it  is  luviiight  into  direr t  eonUiet  witli  tin* 
hpH,  and  is  raised  hy  a?^piration  ;tnd  mixed  with  nir  tin  an  to  proilnec  a  ehaifieterisUe 
somitl  ill  the  mouth.  (3)  Fhiid  may  l»e  poured  iiit^»  the  mouth,  and  as  a  general 
ruh',  the  Jips  are  applied  ehwely  to  the  vessel  eontjiining  tlie  lluiil. 

Solids^  when  they  euiusi^it  of  an  tall  partieles,  are  lieked  up  with  the  lips,  aidetl  hy 
tlie  iHi^vementH  of  the  t*ingue.  In  the  case  of  large  nnii^sen,  a  part  i.s  bitten  ot!  with 
tlie  inrisor  teeth,  and  is  afterwartls  liroiight  nnder  the  action  of  tlie  mtdar  teeth  hy 
meaiiy  of  the  lip**,  eheekt<,  an«l  tongue. 

153.  MASTICATION. — Tln^  jjrocess  of  niuHtieation  in  a  eompHeated  co-ordinati' 
ninsctilaraetearried  out  under  the  direction  of  tlie  eentral  iiervons  jsystem,  with  tJi»' 
aid  of  guiding  .seiLsations  originating  in  the  .struetnres  of  the  mouth. 

Theartietdation  of  the  Jaw  is  provided  with  au  iiiterarticidar  cartilsge — the  meniscoa— whiih 
preventjs  direct  pressure  Iwing  made  U[>oa  the  articular  an rfnce  when  the  jaws  are  energetically 
cloeed,  and  which  also  dividt'a  the  joint  iato  two  cavities,  one  lying  over  the  other.  The  efti»siile 
ia  BO  Itkx  tliatp  in  addition  to  the  laiidng  ittid  dei>re^ing  of  the  lower  jaw,  it  permits  of  the  lower 
jttw  beiog  diwplaced  foiw.Tiids,  wh*?reby  the  mcniacus  movei*  with  it,  and  covers  the  artictdar 
surface. 

Tie-  process  of  masticatioii  emhraees  :— ('^)  The  eleYation  of  the  jaw.  aeeom- 
[disheil  Uy  the  romhineil  action  uf  the  Ternjajiiil,  Mas-stter,  ami  Internal  Ptervgoid 
MusLdeH.  If  the  h>wer  jaw  was  previously  so  far  ilepres^sed  tliat  itv^  urtirular  surface 
ri'sted  upon  the  tuherele,  it  now  |ias?<ei*  haekwards  u[jon  thr  articular  HUi*faee» 

(h)  Th<^  depression  of  the  lower  jaw  is  caused  by  it^^  own  weigiit,  aided  hy  the 
action  of  the  anlerior  bellies  of  the  Digastrics,  the  Myb>  and  (Jenio-hyoid  and 
riatysuia.  The  muside«  act  es]>eeially  during  forcible  ojKming  of  the  liiuuth.  Tlie 
necessfiry  fixatiiui  of  the  liyoi<l  bone  is  olitaineil  thr*iugh  the  action  i>f  the  t>mf>  and 
Sternodiyoid,  mid  hy  the  8tern*.i-thyi^jiit  and  Thyn»-hyoiiL 

When  the  articular  surfuee  of  the  lower  Jaw  passes  forwaixls  on  to  the  tubercle,  the  External 
Pterygoids  actively  aid  in  j>rtK]uciiig  this  {Btfntrd). 

(c)  Diflplacement  of  the  Articular  Surfaces. — During  rest,  when  the  inenth  is 
closed,  ihr  iiicisf<r  tenth  of  the  lower  jaw  arc  within  the  arch  of  the  upj>er  ineii:M:>r8p 
When  in  tliis  jKisitiou  the  jaw  is  pr*>truded  by  the  KxterniU  Pterygoids,  whereby  tho 
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articular  siii*f ace  passes  onto  the  tii])ercle  (and,  therefore,  dowTi  wards),  while  the  lateral 
teeth  ani  tliereby  septirated  from  each  other.  The  jaw  is  retracted  by  the  Internal 
Pterygoids  without  any  aid  from  the  posterior  fibres  of  the  Temporals.  When  one 
articular  surface  is  carried  forwards,  the  jaw  is  protruded  and  retracted  by  the  Exter- 
nal and  Internal  Pterygoid  of  the  same  side.  At  the  same  time,  there  is  a  trans- 
verse movement,  whereby  the  Ijack  teeth  of  the  protruded  side  are  separated  from 
each  other. 

During  mastication,  the  individual  movements  of  the  lower  jaw  are  variously  com- 
bined, and  esj^ecially  with  lateral  grinding  movements,  while  the  food  to  be 
masticated  is  kept  from  jmssing  outwanls  by  the  action  of  the  muscles  of  the  lips 
(Orbicularis  oris)  and  the  Buccinators,  while  the  tongue  continually  pushes  the 
IMirtieles  ]>etween  the  molar  teeth.  The  energy  of  the  muscles  of  mastication  is 
regulated  by  the  sentlbility  of  the  teeth,  and  the  muscidar  sensibility  of  the 
muscles  of  mastication,  as  well  as  by  the  general  sensibihty  of  the  mucous  mem- 
brane of  the  mouth  and  lii)s.  At  the  same  time,  the  mass  is  mixed  with  saliva,  the 
divided  paiticles  cohere,  and  ai-e  formed  into  a  mass  or  bolus,  of  a  long,  oval  shape, 
])y  the  muscles  of  the  tongue.  Tlie  l)olus  then  rests  on  the  ]>ack  of  the  tongue, 
ready  to  \yc  swallowed. 

KerveB  of  Mastication. — The  muscles  of  mastication  receive  their  motor  nerves  from  the  third 
branch  of  the  trigeminus,  the  mylo-hyoid  and  the  anterior  belly  of  the  digastric  being  supplied 
from  the  same  source.  The  genio-,  omo-,  and  stemo-hyoid,  stemo-thyroid,  and  thyro-nyoid 
are  8Ui)pli6d  by  the  hy|)oglo8saly  while  the  facial  supplies  the  itosterior  belly  of  the  digastric,  the 
stylo-hyoid,  the  platysma,  the  buccinator,  and  the  muscles  of  the  li^^s.  The  general  centre  for 
the  muscles  of  mastication  lies  in  the  medulla  oblongata  (§  367). 

When  the  mouth  is  closed,  the  jaws  are  kept  in  contact  by  the  pressure  of  the  air,  as  the 
cavity  of  the  mouth  is  rendered  free  from  air,  and  the  entrance  of  air  is  prevented  anteriorly 
by  the  lips  and  |K)steriorly  by  the  soft  ^talate.  The  pressure  exerted  by  tne  air  is  from  2  to  4 
mm.  Hg.  {Mrtzycr  ami  Donders), 

[Effect  on  the  Gircnlation.  — Marey  found  that  mastication  trebled  the  velocity  of  the  blood- 
ciu-rent  in  the  carotid  (horse),  while  Fran9ois-Frank  observed  that  the  circulation  of  the  brain 
(in  man)  is  increased;  hence  it  is  evident  that  mastication  implies  an  increased  supply  of  blood 
to  the  nerve-centres.] 

IM.'.STETJCTUBE  AND  DEVELOPMENT  OF  THE  TEETH.— [Each  tooth 
consists  of  a  portion  al)ove  the  gum  and  termed  the  crown,  a  part  imbedded  in  the 
ginu,  the  fang,  and  a  narrow  neck  connecting  these  two.]  A  tOOth  is  just  a  papilla 
of  the  mucous  membrane  of  the  gum,  which  has  undergone  a  characteristic 
development.  In  its  simplest  fonn,  as  in  the  teeth  of  the  lamprey,  tlie  connective- 
tissue  bc'isis  of  the  pajnlla  is  covered  with  many  layers  of  corneous  epithelium.  In 
hnman  teeth,  part  of  the  [mpilla  is  transfonned  into  a  layer  of  calcified  dentine, 
while  the  epitheliinu  of  the  papilla  produces  the  enamel,  the  fang  of  the  tooth  being 
covered  by  a  thin  accessory  layer  of  ])one,  the  crOBta  petrosa  or  cement. 

The  dentine  or  ivory  which  surrounds  the  pulp-cavity  and  the  canal  of  the  fang 
(fig.  189)  is  very  finn,  elastic,  and  brittle.  Dentine,  like  the  matrix  of  bone,  when 
treated  in  a  certain  way,  presents  a  fibrillar  structure.  It  is  i)ermeated  by  innu- 
merable long,  tortuous,  wavy  tubes — the  dentinal  tnbnles — each  of  which  com- 
miuiicates  with  the  pulp-cavity  by  means  of  a  fine  opening,  and  passes  more  or  less 
horizontally  outwards  as  far  as  the  outer  layers  of  the  dentine.  The  tubules  are 
bounded  l^y  an  extremely  resistant,  thin,  cuticular  membrane,  which  strongly 
resists  the  action  of  chemical  reagents.  These  tubules  are  filled  completely  by  soft 
fibres,  the  ^'fibrCB  of  Tomes/*  which  are  merely  greatly  elongated  and  branched 
processes  of  the  odontoblasts  of  the  pulp. 

The  d(*ntinal  tubules,  as  well  as  the  fibres  of  Tomes,  anastomose  throughout 
their  entire  extent  by  means  of  fine  processes.  As  the  fibres  approach  the  enamel, 
which  they  do  not  j^enetrate,  some  of  them  bend  on  themselves,  and  form  a  loop 
(fig.  192,  r),  whilst  others  pass  into  the  **  inteiglobnlar  spaces*'  {^g.  191),  which 
are  so  abun<lant  in  the  outer  part  of  the  dentine.     The  interglobular  spaces  are 
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Fig.  189, — Loiig^itiuUtml  section  of  an  imisor  tooth.  Fig.  l&CU — Trans v"e i-so  spctiou  of  deiitiiio. 
The  light  rings  are  the  walls  of  tlm  tleiitinftl  tnlniles  ;  th^ilark  centres  with  the  light  points 
are  tlie  fibres  of  Tomes  lyiug  in  the  ttibiilea.     Fig.  )t>l.— Iiitfrglohukr  8]iace8  in  deutine. 

with  th^  contour  of  the  tooth.     They  arc  cnii.scd  hy  the  fact  tliut  at  these  iniTt^  M 
the  diief  eiirves  in  iW  Ueiitiinil  tubules  follow  a  siuuhir  eouri^e, 

Tlie  enamel,  tlie  hiinlent  suhstaiu-e 
ill  the  body  (resemblinjLC apatite),  i-dvers 
the  I  powii  of  the  teetli.      It  eonsists  of 


Fig.  in,  Fij,'.  IJIH. 

Fig.  102. — Section  of  a  tooth  between  the  (lentiiie  nnd  etiiiuifl.  a,  ermiiiel  ;  tv  ileiitinal  tubiilea  ; 
B,  enamel  prismn  highly  nmgriitifd  ;  C\  transverse  sections  of  enamel  prisma.  Fig.  1&3, — 
Transverse  section  of  thi*  fang,  o,  cement  with  borie-corpiiaoteia  ;  b,  dentiijuwith  tabulea  ; 
Cf  boun4ary  l>etwcen  both, 

hexagonal  flattened  ptisms  arningetl  side  l}y  ^ide  like  n  palisade  (tig.  192,  B  and 
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(J),  They  are  3  to  5  /I  (y^^  incli)  ])roa<l,  not  quite  uniform  in  thickness,  curved 
slightly  in  different  direction}^,  an<l,  owing  to  inequalities  of  thickness,  they 
exhibit  tran8verse  markings.  Tliey  are  elongated  ealofied,  eylmdrieal,  epitiieliml 
cells.  K<*tziu8  described  diark-brown  lines  running  parallel  with  the  outer  boimdary 
of  tlie  pnaniel,  due  to  the  presence  of  pigment  (fig.  189).  The  fully-formed 
enamel  is  negatively  doubly  refractive  and  uniaxial,  while  the  developing  enamel 
is  iJ*jsitively  doubly  refractive  {H*yp}>e-Seylei'), 

Tlie  caticnla  or  Hamyth's  membraiie  covers  the  fiee  surface  of  the  enamel  as 
a  completely  structureless  membrane  1  to  2  /i  thick,  ]>ut  in  quite  yoimg  teeth  it 
exhibits  an  epithelial  structure,  and  is  <lerive<l  from  the  outer  epithelial  layer  of 
the  enamel  organ. 

Tlie  cement  or  cnuta  petrosa  is  a  thin  layer  of  lK>ne  covering  the  fang  (fig. 
193,  a).  The  Ixine  lacunae  communicate  directly  with  the  dental  tubules  of  the 
fang.  Haversian  canals  and  lamellae  are  only  found  where  tlie  layer  of  cement  is 
thi<'k,  auil  tlie  former  may  (M»mmunic^ite  with  the  pulp-cavity.  Very  thin  layers  of 
cement  may  Imj  devoid  of  bone-corpuscles.  Sharpey's  fibres  occur  in  the  cement 
of  tlie  drag's  tooth  ;  while  in  the  horse's  tooth  single  lione-corpuscles  are  surrounded 
by  a  capsule.  In  the  periodontal  membrane,  which  is  just  the  periosteum  of 
the  alveolus,  coils  of  bloo<l- vessels  similar  to  the  renal  glomeruli  occur.  They 
anastomose  with  each  other,  and  are  surroimded  by  a  delicate  cajisule  of  con- 
nective-tissue. 

Tlie  pulp  in  a  fidly-grown  tooth  represents  the  remainder  of  the  dental  papilla 
around  wliich  the  dentine  wjis  deposited.     It  consists  of  a  very  vascular  indis- 


Tunica  proprU. 


H. 
Fig.  194. 

A.— Vertical  section  of  the  jaw  of  a  slieep  embryo  x40.  1,  dental  furrow;  2,  dental  ridge  ; 
3,  enamel  germ.  B. — Transv^erse  acction  of  the  lower  jaw  of  a  four  months'  human  foetna 
X  40.  1,  dental  ridge  ;  2,  stalk  of  the  enamel  organ  ;  3,  enamel  oigan  ;  a,  peripheral  cella, 
h,  germ  pulp  ;  c,  cylindrical  cells  of  enamel ;  4,  papilla.  C— a,  dental  ridge  ;  h,  enamel 
organ  with  (1)  outer  epithelium,  (2)  middle  stellate  layer,  (3)  enamel  pnsm-cell  layer; 
r,  dentine  germ  with  blood-vessels,  and  the  long  osteoblasts  on  the  surface  ;  d,  tooth-sac  ; 
r.  Secondary  enamel  germ. 

tinctly  fibrillar  connective  tissue,  laden  M'itli  cells.  The  layers  of  cells,  resembling 
epithelium,  which  lie  in  direct  contact  with  the  dentine,  are  called  odontoblastB, 
i.e.,  those  cells  which  build  up  the  dentine.  Tliese  cells  send  off  long  branched 
prowesses  into  the  dentinal  tubules,  whilst  their  nucleated  Ixxlies  lie  on  the  surface 
of  the  pulj),  and  form  connections  by  processes  with  other  cells  of  the  pulp  and 
with  neighbouring  (nlontoblasts.  Numerous  non-medullated  nerve-fibres  (sensory 
from  tli(*  trigeminus),  whose  mode  of  termination  is  imknown,  occur  in  the  pulp. 

The  periosteum  or  periodontal  membrane  of  the  fang  is,  at  the  same  time,  the 
alveolar  i)eriosteum,  and  consists  of  connective  tissue  with  elastic  fibres  and  many 
nerves. 
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Ohemifltry  of  &Tootb. — TIa'  teeth  eoiisUi  ora^elalijie-yieMing  matrix  iiallltmted  with  calcium 
phonphate  and  criHx»Mat«  {likt;  bone),  (1)  The  dentine  ^ntnitis — oiganit^  iiiattt:r,  2770; 
ctlciam  [ilins|i|]att'  ami  rarbmate,  72  06  ;  m»i^ii>,Hiuin  |ih*i«phntr,  075  ;  with  traces  tif  iron, 
iluorint',  and  snlfihiinc  or  id. 

(2)  1'h«'  enamel  coiitaiiiii  an  ntganu'  proteid  luatrix  atlitil  ta  tin*  Hubnitaiice  of  cpitheUunu  It 
consists  fit  3  Hit  rpr^mie  mtittr^r  and  96*00  of  iKaleium  (ihoMphate  rmd  enrbouati.*,  1"05  maguesiuiii 
phnj4]>hate,  willi  tracL.s  ol"  oik  ium  Jiiumde  oiul  an  insoliildt*  ddoiiiio  cniij|Kiiinii. 

(3)  The  cement  is  idchtical  with  bone, 

Tlie  gums  are  devoid  of  niueouH  glands,  vi?ry  vascnlar,  and  nttan  pmvided  with  long  Vrtscular 
paiitll;^»  whifh  are  fioinotinii'8  conkpomid. 

Development  of  a  Tooth.— It  beifijis  at  the  end  i>f  the  wcoiid  mouth  of  f'l'tnl  lifr.  Aloijf; 
the  vvhoU?  It'iigth  of  Ihe  futal  giini  h  a  thick  projecting  ridge  eoinpOHedl  of  many  luyers  of 
ejiUbelinni  (fig.  ISH  A).  A  depreasion,  the  dental  groove,  also  tilled  with  cpitheliiun,  oeeiirn 
in  the  gniii,  and  runs  nlong  nn«ler  the  riilge.  Tlie  dental  groove  bflcomes  dee|M."r  thronghout  lis 
entire  lengtli,  find  on  transverse  Jterlion  present**  the  apfiearance  of  a  dilated  dnsk,  while  nt  the 
same  linm  it  is  filled  with  elongated  e^utlielial  eells,  whifh  form  the  '* enamel  organ/'  or 
** common  enamel  germ."  A  conieal  papillaj  the  *'  dentine  germ,"  grows  up  from  tlie  Tiineou« 
tissne,  of  wluL'h  the  gnm  eonsistii,  towanl«  the  enamel  organ  (figs.  194  B,  194  C),  so  thut  the 
ai>ex  of  the  ])A[>illa  comes  to  have  the  enamel  organ  renting  uikjii  it  like  a  doxdde  eap.  After- 
ward-H,  owing  to  the  deveIo|nnent  of  connective  tif^^ne,  tiie  parts  of  the  enamel  organ  lyiog 
K'tween  and  uniting  thf^  iiidividnal  dentine  germs,  disappear^  and  gradually  the  eonnective- 
tissiie  forma  a  tooth  aac  tnn  loaing  the  papilla  mid  it,M  enamel  organ  (fig.  194  A,  3). 

ThoH€  epithelial  cells  (ttgs.  194^  l\  3  194  C)  of  tb^  enamel  organ,  ivhich  lie  next  the  top  of 
the  jmpilla,  are  eylindrieal^  and  become  caleihed  to  form  enamel  prisma.  The  layer  of  relh*  of 
the  double  cap^  ivhicb  is  directed  towardn  the  tixith'sae,  become.s  flattened,  fuses,  undergoes  a 
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Bone  of  tlic  lnwcr  jaw. 


Fig.  195. 

Tranaverse  sectiou  of  the  hiw^r  jaw  of  a  nett^d»orn  dog  4a.  T\w  dental  sac  in  nhown  only  on 
the  left  side.  The  tiBHues  originating  from  counei^tive  tissue  are  sbiuvvn  mi  the  left,  and 
those  of  epithelial  origin  on  the  right. 

horny  transformation,  atid  hecome^  the  ciiticnla,  whilst  the  ndb  which  lie  l>etwt'en  both  layert 
\inder<;o  on  intermediate  metainondiosis^  ho  tliMt  tiny  totne  ta  resemble  the  hratiehed  ateUate 
ccIIn  of  the  nincoQB  tiHsne,  and  gradnally  di.saiiiM?ar  altogether. 

Tli«  dentine  [%  formed  in  tht*  most  Hnpertieial  layer  of  the  projecting  connective  tiiisne  of  the 
dental  paiullri,  owing  to  the  ealcitieation  of  the  continuous  layer  of  odontohlai*ls  which  twjcur 
there  (tig-i.  liH  C,  195)»  During  the  pnx'ess,  fibres  or  branches  of  these  celli*  are  left  un- 
atfected,  and  remain  an  the  tihre-s  of  Tomes*  Exactly  the  same  proceas  occurs  as  in  tlie  forma- 
lion  ♦>f  hon*i,  tin?  odontoblaats  forming  ft  round  theniMelven  a  calcilied  matrix.  The  cement  is 
formed  from  the  soft  con  nee  tivtt- tissue  M  the  dental  alveolus. 

Dentition. — Diirinjj:  tho  (IcrfODpiiient  ^f  tlit^  iirst,  temporary  or  milk-teetli  a 
special  entimel  organ  {tig.  194,  c)  18  fornxHl  lu-iir  ihtm*,  Imt  it  does  not  undergo* 
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development  until  tlie  milk-teeth  arc  shed;  even  the  papilla  is  wanting  at  first. 
When  the  permanent  tooth  begins  to  develop,  it  opens  into  the  alveolar  wall  of 
the  milk-teeth  from  below.  The  tissue  of  this  dental  sac  causes  erosion,  or  eating 
away  of  the  fang  and  even  of  the  Ixnly  of  the  milk-teeth,  without  its  blood- 
vessels undergoing  atrophy.  The  chief  agents  in  the  absorption  are  the  amoeboid 
cells  of  the  granulation  tissue.  [Midtinuclear  giant-cells  also  erode  the  fangs  of 
the  teeth.  The  little  cavities  in  which  the  large  osteoclasts  lie  are  known  as 
HowBhip's  lacnnsB  or  fovesB.] 

Eruption  of  the  Milk-Teeth. — The  following  is  the  order  in  which  the  twenty 
milk-teeth  cut  the  ginn,  /.e.,  from  the  seventh  month  to  the  second  year : — Lower 
central  incisors,  upper  central  incisors,  upper  lateral  incisors,  lower  lateral  incisors, 
first  molar,  canine,  the  second  molars. 

[The  figures  indicate  in  months  the  period  of  eruption  of  each  tooth.] 


iloJni-M. 


24     12 


18 


Iiiel8or!«. 


Canines. 


18 


Molam. 


12     24 


[The  permanent  teeth  succe(?d  the  milk-teeth,  the  process  beginning  about  the 
seventh  year.  Ten  teeth  in  each  jaw  take  the  place  of  the  milk-teeth,  while  six 
teeth  appear  further  back  in  each  jaw.  Thus  the  total  number  of  permanent 
teeth  is  thirty-two.  As  tlie  sacs,  from  which  the  pennanent  teeth  are  developed, 
are  formed  before  birth,  they  merely  undergo  the  same  process  of  development  as 
the  temporary  teeth,  only  at  a  much  later  i)erioil.  The  last  of  the  ^permanent 
molars — the  wisdom-foffth — may  not  cut  the  jaw  until  the  seventeenth  to  the  tteenty- 
fifth  year.  At  the  sixth  year  the  jaw  contains  the  largest  number  of  teeth,  as  all 
tlie  temi)orary  U^eth  are  present,  and,  in  addition,  the  crowns  of  all  the  permanent 
teeth,  except  the  wisdom-teeth,  making  forty-eight  in  all  (fig.  196).] 

[Eruption  of  Permanent  Teeth. — The  age  at  which  each  tooth  cuts  the  gum  is 
given  in  yearB  in  the  following  table  : — 


MolnrR, 

17     12 
to     to     6 
25     13 


niscuApkU 


Canine:^. 


Canine:*. 


10     9 


11  to  12  8  7  7  8 


11  to  12 


1    Biacnspkl. 

1 

Molam. 

9     10 

12  17 
6  to     to 

13  25 

[Action  of  Drugs  on  the  Teeth. — All  the  conditions  for  putrefaction  are  present  in  the  mouth ; 
and  when  putrefaction  occurs,  the  proiUicts  (often  acid)  attack  the  dentine  and  hasten  its  decay. 
Hence,  the  necessity  for  thorough  daily  cleansing  of  the  teeth  and  mouth.  The  teeth  may  be 
cleaned  by  means  of  a  soft  tooth-brush  and  water,  with  or  without  the  use  of  any  of  the 
numerous  dentriiices,  such  as  ix)wdered  chalk  or  charcoal.  Astringents  such  as  catechu  and 
areca-nut  are  sometimes  used.  Mineral  acids  attack  the  teeth,  and  ought  when  taken  to  be 
sucked  through  a  tube.] 

156.  MOVEMEHTS  OF  THE  TOVGUE.— The  tongue,  being  a  muscular 
organ,  and  extremely  mobile,  plays  an  important  part  in  the  process  of  mastica- 
tion : — (1)  It  keeps  the  fooil  from  passing  from  between  tlie  molar  teeth.  (2)  It 
forms  into  a  bolus  the  finely-divided  food  after  it  is  mixed  with  saliva.  (3)  "WTien 
the  tongMe  is  raised,  the  ])olus  lying  on  its  dorsum  is  pushed  backwards  into  the 
pharynx  and  a»sophagus. 

The?  course  of  the  fibroB  is  threefold — longittidinallf/y  from  Iwise  to  tip  ; 
transversely^  the  fibres  fur  the  most  part  proceeding  outwanls  from  the  verticall}-- 
placed  septum  lingua;   vertically ,  from  below  upwards.     Some  of  the  muscles  are 


Sea  155.1 


MOVEMENTS    Ot'  THE  TOKGUE. 


265 


eoiifitiL*d  to  tiic  tongue  {intrmBic),  while  others  (extrinBic)  arr  attiulied  lu-yond  it 
to  t!ie  hyoul  l>oiie,  lowor  jau\  the  styloid  [>roces8,  and  the  pakt^?. 

[The  extrimic  MiiBcles  of  the  tongue. — The  toii^ie  h  rlivided  verticnlly  hy  n  fibrous  s/^jftnu, 
Ahd  on  eaeli  wide  there  nie  four  {♦xtriDsie  iiiusclij*.  The  htjo^ffioHAttx  iifim^B  from  thp  hyoid  bone 
iiliuaid.s  into  the  tongue  between  the  hngualiis  aud  stylo-gbasus.  When  >>otli  muscleii  cotilract 
the  tongue  ia  dmwn  backwards.  The  (ftmo-kHufft^yifiit^Ji  fi  rises  from  the  in  nor  aspect  of  the 
anterior  i>firt  of  the  ramus  of  the  lower  Jaw,  ha  tlhrea  spread  out  in  a  fan-shafnpd  mnnner,  some 
gdinjr  to  the  hyoid  hone,  a  few  to  the  pharj'ux,  but  most  enter  the  entii*^  h'ligth  of  the  tongue 
nenr  the  fibrous  septniu-  Both  mus^'les  acting  together  protrude  the  tongue.  The  /vf/n/*>- 
gltwfHS,  in  the  anterior  pillar  of  the  Auices,  enleni  the  upper  snrfaeo  of  tiie  tongue,  and  h 
couLterncd  indeglntition.  The 
^fitfftf-(fio}Lt}fjf   passea    from   the  /A  /^^ 

tybid   process  down   to  the  /     \ 

ide   of  the   toiitrne.      The»e  / 

niuseloa  pull  Imek  the  tongue  1 

an<l  raise  its  margina,]  '  / 

[The  intrinaic  miiscle«.— 
Tlie  Siiikn'or  or  Htiixrj^ciaf 
liittfunl  runs  from  the  tip  of 

the  tongue  towiirsin  tlie  hyoid    ^Mlt-Jk  y"^'"-^'^^'~^I^-^=s^<^^/g?'I^' 
houe  ju^t  uiMier  the  njueouH    ^^■rr^^         ^i  i-s*:^* "^  ^i;: 
nieiubrane.       The    fraftmrrsc 
mum  ft ,  who*ie  libreH  run  ttans- 
verfiely   from    the   septum    to 
the  aides  of  the  tongue.     The 

reriical  hbres  run  in  an  arrlu-il      ^i^-^^_^_         "^  1 

direction  downwards  and  out  ^ 

wards  tuwaids  the  dorsum  of  pj^  ^j^g 

the  tongue.     The   in/frivr  or 

firf^p  liiitfUitl  mii^k  consists  of  ],g\ver  jawofa  chihl,  live  years  of  age,  with  thv  surface  removed 

II  thick  bundle  of  longituflina!  to  show  the  Dtncnt  permaDent  tooth-geriuB. 

fibroa  running  along  the  under 

surface  Wtweeo  the  gen io-hyo-glo«8Ui<  and  the  hyo-g1osau».     They  shorten  the  tongue  ami  turn 

it*  lip  downwards.] 

IficitMCopioaily,  the  fibrei  are  tranBveraely  striated,  with  a  delicate  sarcolemma,  and  very 
often  they  are  brnuched  whew  they  are  inserted  into  th«  TunceQB  membrane.  The  muscular 
bundles  crosa  each  other  in  various  diret'tions,  mid  in  the  interspaceB  fat*cella  and  glands  occur. 

Ghangei  in  form  and  pOBitian  of  the  t*^)ngiic : — 

(1)  Bfioiiming  and  ImMJUIeiiiug  by  tin-  longitiidiind  niusr«ek\  luded  by  Iht*  hyo- 

gloHSUS. 

{2>)  Ehmgaiion  ami  tmrmtcinff^  hy  the  truoHversus  iin^iip. 

(3)  The  fhirmm  U  nrndend  comare  by  the  traiisversMs  uiid  the  simultaneous  actinn 
of  the  median  vertical  Hl^res. 

(4)  Arching  of  the  fformtjn  : — {fi)  Tmn.**versely,  by  the  hi  west  tninsverse  l"nniLlew  ; 
{h)  longitutlintdly,  by  the  lowo^t  lon^^itwdimil  mnHcl(\'^. 

(5)  Pi'otrniiion,  hy  the  genio-gloKsits,  while  at  the  ^^irme  time  the  tongno  nsnally 
l>efumie>t  narrower  and  longer  (2). 

(6)  IMmHkm^  by  the  ]iy<i-glo.sHn.s  and  i^tylckglimsnHj  and  (1)  u^inally  otfvirniig  at 
the  rtame  time. 

(7)  Df'pi'f'fiiiion  into  the  iloor  of  the  month,  liy  the  hy«><,do3.«!»u.^.  The  Jinor  of  the 
month  may  l>e  made  deeper  fiy  itei^re^jiing  the  liyoid  hone, 

(8)  Eleimikm  of  the  tongue  toward.^  the  palate  : — [a)  At  the  ti|>  by  the  antertta' 
part  of  thf*  longitudinal  fibres  ;  (//)  intlie  middle  hy  elevatieg  the  entire  hyoid  bone 
by  t)ic*  mylo-hyoiil  {N,  fritjemhtm)  ;  (r)  at  the  root  hy  the  stylo-glo«su8  iiud  palato- 
gloHsuw,  as  well  as  imlirertly  l>y  the  styli>hyoiil  (N,  farialiti). 

(9)  La^trai  moremmU,  the  tip  of  the  tong^ie  passing  to  the  right  or  left ;  the«« 
are  caused  by  the  longitmliiial  li!»rcis  of  otie  side. 

The  motor  nerve  (,f  the  tongue  ts  the  hmffoffmi  (fig,  197).  When  this  mrve  is  dividetl 
or  paralysed  on  i>ne  aide,  the  tip  of  the  tongue  lying  in  the  floor  of  the  mouth  i»  directed  towards 
the  sound  siile,  hecatise  the  tonus  of  the  non^tamlysed  longitudinal  hbrea  shortens  tJie  doutid 
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¥ig.  197. 

The  tLiet;  jierves*  *jf  the  tougiie^  slmwiiig  tbeir 
cnn.'e(l  ciiiirae  and  their  term t nut  ion fi.  1> 
MniuHble ;  2,  liyoid  li»<:tnidi ;  3,  nitenittl  caro- 
tid ;  4,  Hiigiial  artery  ;  5>  geiiio-«;loss!ia  ;  6^ 
hyo*gloHsUH ;  7,  atylo-glosaus ;  8,  tiypoglossa) 
iieiTc  ;  S+,  lingual  linincli  of  fifth  uervo;  10, 
g]os90-phai7r)t»eal  ;  11,  (acini  norve ;  }% 
chorda  tympaiii. 


side  Al)ght1y,  IT  tlie  tongue  he  profrmifff^  however,  the  tip  imsses  towards  the  pant/ffsfrl  Bule- 
This  arises  fioni  the  direction  of  the  gouiu-glo^na  ^fiom  the  Jiuddlfi  downvvardi*  and  oiitwnrds), 
ami  the  tougiie  Jbllows  tli*!  divection  of  jts  tiction.     The  tongu<?s  of  animal jt  whi<di  hiivo  h<.-en 

killed  exhibit  lihrillnr  eontrnctioiis  iif  the 
ij;Ui8ck*s,  HotiieliuifS  hifiting  for  a  whole  dwy. 
[Stilling  lias  fiequuntly  found  nerve-ganglia  in 
the  oPTves  of  the  toiigne.  ] 

[The  eenaory  nerves  art'  the  limjwtl  or 
ijHJifahirif  hfaneh  of  (hr  fifths  which  confer* 
sensibility  on  the  mucous  nieiiiUrnne  of  the 
anterior  two-tliirxlsof  the  toiij^uc.  The  Untjual 
htUHtk  iif  the  tj!o!i»a-phnittn<jtai,  which  eonfei^i 
urdinury  sensibility  niid  the  sense  of  taste  on 
^.^  K^^^^^^^^^^^^^l^V  ^^^  posterior  third  of  the  tongne.     The  ehorttn 

hfinptnut  vvhieh  is  the  spe<^:ial  nerve  of  tante  for 
^     \^^>{^^-^^jj^^=^^^^^v^^«ar  the  nnterior  two-thirds  of  the  tongue.     There 

am  nlso  .'ftfWfHtfftrfit'  hbies  on  the  b|oo«(l- vessels 
(fig.  197).] 

156.  DEGLDTITIOH.-[By  «  wmpli- 
cated  -si^ries  of  eo-ordiiiak^il  inuKcular  acts 
the  holuH  ot  Uivd  is  larriL'tl  fri>in  tlio 
iJKnith  ftu<^ces.sividy  l)jrniigh  th<^  [diaryux 
I  mil  tP80idiagiis  inUi  the  .st^miach.] 

[The  phntiftt  J-  (1 1 2  nnn.  in  length )  extendi  from 
the  IwBe  of  the  skull  to  the  lower  border  of  the 
cricoid  eartilage,  where  it  becomes  cotitinuoiis 
with  the  niSO|ihagns,  Al^ive,  it  communicates 
with  the  nose,  mouth  and  larynx  (fig.  198).  It  isliiiHl  by  a  morons  mcmhraue,  und  atreogthcnt^d 
and  made  contractile  externally  hy  a  layer  of  strijied  muftcnkr  fiSors  mnning,  for  the  most  jmrt, 

tjomewhnt  transversely;  and 
made  ujj  of  the  three  ton- 
sln'c^or  utit»-frs^  —  snitrritff^ 
HI  iddJr  a  d4  t  ti/crim'.  R im n  i  ng 
more  longitndnally  autl  inter- 
I  ml  Jy  a  if  tli  e  jnt  Udn~i*hn  ty  tu/ntit 
and  shfhftktfffftufrux  mttjfcfeif. 
Ontside  the  muflcukr  layer  of 
the  pharynjc  is  a  fihroua  or  con- 
nect i  vet  ls>*ne  layer.  The  up|ier 
part  of  the  mt icons  m en i Wane 
of  the  ]diarynx  in  lineti  by 
colnnmfir  ciliated  e|ntheliuni, 
whily  that  fiortioii  o|>positeand 
Ijelow  the  fauces  i«  lined  by 
i^t ratified  si|uamotit«  epitheliatn. 
^fnch  adenoid  tinsiie  aI&o  exiatif 
in  the  miicoiia  membmno,] 

[Seven  openings  comnmui- 
catewith  the  phniynXj  viz.^  the 
two  filiate rior  nares,  the  isthmus 
i>f  the  fant  es,  the  opning  into 
ihe  larynx,  the  ivsojihagns, 
aud  thi.  two  Enstachian  tubes, 
so  that  during  deglutition  oil 
these  ajieitutes  have  to  lie 
guarded  in  some  way  or  other,  J 
[AofltonucuUy  the  other  im- 
^wrtant  t^arts  are  the  soft  palate 
with  the  nvnia,  the  isthmna  of 
the  fauces  opening  from  the 
mouth  into  the  pharynx,  and 
bounded  laterftlly  hy  the  au- 
teritir  and  posterior  pilUrsi  of 
the  ^fauces,  the  former  contaiuing  the  pnhttotjloMus  miu^cit,  and  the  latter  the  jMtfato^ 
phanjiujcm  fHii»el*\     On  each  ai^le  between  the  pi  Hal's  lies  a  tonnil.] 


KuNtachJan  lube.  — 


Soft  pa  talc,  _t 


Ivtlmroa  of  iiw 
faucet. 


< 


Trachea- ^ —   fJ^^^^B!^.;     / 

/ 

Fig,  198. 

Vertical  or  sagittal  median  seetiou  through  the  mouth  and 

pharynx. 
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The  onwarcl  movements  of  tlie  contents  of  tlie  digestive  canal  are  effected  by  a 
sjHJcial  kind  of  action  whereby*  the  tulxj  or  canal  contracts  upon  its  contents,  and 
as  this  contraction  proceeds  along  the  tube,  tlie  contents  are  thereby  carried  along. 
Tliis  is  the  '*  peristaltic  movement,''  or  peristalsis. 

[The  act  of  swallowing  a  solid  mass  has  been  variously  described, — firstly,  as 
consisting  of  a  voluntary  and  an  involuntary  stage.  In  the  voluntary  stage  the 
fooil  remains  in  the  mouth,  but  when  it  reaches  the  posterior  third  of  the  tongue, 
or  rather  at  the  isthmus  of  the  fauces,  the  involuntary  stage  commences,  which 
includes  its  passage  through  the  pharynx  and  oeso])hagiis  into  the  stomach.  Others, 
tigain,  divide  it  into  three  stages — 

(1)  "VMiile  the  fooii  travci-ses  the  isthnnis  of  the  fauces. 

(2)  While  the  food  traverses  the  pharynx.     This  includes  the  movements 

of  the  pharynx,  the  shutting  off  of  the  jjosterior  nares,  the  occlusion  of 
the  entrance  to  the  glottis,  and  the  shutting  of  the  pillars  of  the  fauces. 

(3)  While  it  traverses  the  oesophagus.     In  this  stage  gravity  has  no  effect, 

as   the   foo<l  is   carried   downwards  by  |>eri8taltic  action  of    the   oeso- 
phagus, so  that  a  person  can  swallow  when  standing  on  his  heafl] 

In  the  act  of  deglutition,  we  distinguish  in  order  the  following  individual  move- 
ments : — 

I.  Voluntary  Stage.  —(1)  The  aj>erture  of  the  mouth  is  closed  by  the  orbicularis 
oris  (N,  fcicicdis), 

(2)  The  jaws  are  pressed  against  each  other  by  the  muscles  of  mastication 
{N.  trigeminus),  while  at  the  same  time  the  lower  jaw  atfonls  a  fixed  jwint  for  the 
action  of  the  muscles  attached  to  it  and  the  hyoid  bone. 

(3)  Tlie  tip,  middle,  and  root  of  the  tongue,  one  after  the  other,  are  pressed 
against  the  hard  palate,  whereby  the  contents  of  the  mouth  are  propelled  towards 
the  pharynx  [the  floor  of  the  mouth  being  raised  by  the  contraction  of  the  mylo- 
hyoid muscles]. 

II.  Involuntary  Stage.  —  (4)  The  fooil  is  prevmfed  from  j^assing  into  the 
mimth.  When  the  bolus  has  ^mssed  the  anterior  jmlatine  arch  (the  mucus  of  the 
tonsillar  glands  making  it  slippery  again),  it  is  prevented  from  returning  to  the 
mouth  by  the  palato-glossi  muscles  which  lie  in  the  anterior  pillars  of  the  fauces, 
coming  together  like  two  side-screens  or  curtains,  meeting  the  raised  dorsum  of  the 
tongue  (stylo-glossus). 

(5)  The  food  is  jn'evented  from  pas^fing  into  the  posterior  nares.  The  morsel 
is  now  behind  the  anterior  palatine  arch  and  the  root  of  the  tongue,  and  has 
reached  the  pharynx,  where  it  is  sulijected  to  the  successive  action  of  the  three 
pharyngeiil  constrictor  muscles  which  propel  it  onwards.  Tlie  action  of  the 
superior  constrictor  of  the  pharynx  is  always  combined  with  a  horizontal  elevation 
(Levator  veli  jialatini ;  N.  facialis)  awiXiewmon  (Tensor  veli  palatini ;  N.  trigeminuSj 
otic  ganglion)  of  the  soft  palate.  The  upper  constrictor  presses  (through  the 
pterygo-i)haryngeus)  the  posterior  and  lateral  walls  of  the  pharynx  tightly  against 
the  posterior  margin  of  the  horizontd,  tense,  soft  palate,  whereby  the  margins  of 
the  ix>sterior  palatine  arches  (palato-pharyngeus)  are  approximated.  Tlie  pharyngo- 
nasal  cavity  is  thus  completely  shut  off,  so  tJiat  the  l)olus  cannot  be  pressed  back- 
wards into  the  nasal  cavity  (fig.  199  B). 

In  persons  with  congenital  or  acquired  defects  of  the  soft  i>alate,  or  cleft-palate,  dniing 
swallowing,  food  passes  into  the  nose. 

(6)  lite  foofl  is  prevented  from  passing  itifo  the  larynx.  The  bolus  is  propelled 
onwards  by  the  successive  contraction  of  the  upper,  middle,  and  lower  constrictors 
of  the  phai}*:ix  r.ntil  it  passes  into  the  oesophagus.  At  the  same  time  the  entrance 
to  the  glottis  is  closed,  else  the  morsel  would  juiss  into  the  larynx,  or,  as  is  gener- 
ally said,  would  "  i>a.ss  tlie  wrong  way." 
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Sounds  during  Deglutition. — If  the  region  of  the  stomach  be  auscultated  during  the  act  of 
swallowing,  two  sounds  may  be  heard  ;  tne  first  one  is  produced  when  the  bolus  is  projected  into 
the  stomnch  ;  the  second  occurs  when  the  peristalsis,  which  takes  place  at  the  end  of  swallow- 
ing, squeezes  the  contents  of  the  cesophngus  through  the  cardia  {Meltzer^  Zenker^  Ewald),  [The 
latter  occurs  a  short  time  afterwards.  In  man,  when  water  alone  is  swallowed,  there  is  no  sound, 
but  when  it  is  mixed  with  air  there  i",  and  it  is  generally  heard  l)ecause  air  is  usually  swallowed 
with  the  food  or  drink  {Quincke).  ] 

The  dOBUre  of  the  glottis  is  eflfected  in  the  following  manner : — (a)  The  whole 
larynx— the  lower  jaw  being  fixed — is  raised  uptcard$  and  fortca/rdsy  while  at  the 
same  time  the  root  of  the  tongue  hangs  over  it.  The  hyoid  bone  is  raised  forwanla 
and  upwards  by  tlie  genio-hyoid,  anterior  l^elly  of  the  diagastric,  and  mylo-hyoid  ; 
the  larynx  is  approximated  close  to  the  hyoid  bone  by  the  thyro-hyoid.  {h)  When 
the  larynx  is  raised,  so  that  it  comes  to  lie  below  the  overhanging  root  of  the 
tongue,  the  epiglottis  is  pressed  downwards  over  the  entrance  to  the  glottis,  an<l 


Fig.  199. 


Scheme  of  deglutition. — A  shows  the  imssagesand  openings  marked  with  arrows  indicating  the 
air-  and  food-channels.     B,  the  act  of  deglutition. 

the  l)olus  pas.ses  over  it.  The  epiglottis  is  also  pidled  down  by'  the  special  muscular 
fibres  of  the  reflector  epiglottidis  and  aryepiglotticus.  (c)  The  closure  of  the  glottis 
by  the  constrictors  of  the  larynx  also  prevents  the  entrance  of  substances  into  the 
larynx  (S  313,  II.  2). 

In  order  that  the  descending  ]x)lus  may  be  prevented  from  carry uig  the  pharynx 
with  it,  the  stylo-pharyngeus,  sidijingo-pharyngeus,  and  baseo-i)haryngeus  contract 
upwards  when  the  e<»nstrictors  act. 

Injury  to  the  Epiglottia.— Intentional  injury  of  the  epiglottis  in  animals,  or  its  destruction 
in  man,  may  cause  fluids  to  "go  the  wrong  way,"  i.e.,  into  the  glottis,  whilst  solid  food  can  be 
swallowed  without  <listurbance.  In  dogs,  coloui-ed  fluids  placed  on  the  root  of  the  tongue  have 
l)een  observed  to  pass  directly  into  the  pharynx  without  coming  into  contact  with  it,  so  as 
to  tinge  the  upper  surface  of  the  epiglottis  {Magendif),  [The  basis  of  the  epigbttis  is 
yellow  elastic  cartilage,  so  that  it  shows  no  tendency  to  ossify,  and  always  retains  its  elasticity 
(§  313).] 

[Experiments  of  Kronecker,  Falk,  and  Meltzer.  Method.— Mel tzer  placed  in  his  oesophagus 
an  oesophageal  sound  with  a  thin  india-rubber  bag  tied  to  its  lower  end,  and  its  upper  end  m  oon- 
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r 

^M  tiectioii  with  u  Marey's  tanil>our.     Tlui  soujid  was  gi'aduat<'<l  into  iViittTiietre>i»  no  tliAt  by  lixiitg 

H  it  witli  the  teetli,  the  depth  tn  whiidi  the  l>iig  readied  in  the  tiisopliagiis  *^t>uld  be  aai^uiUiiiHl  at 

^B  ouc  0.     The  ulastie  Vi;»g  was  inflated  from  a  IhIlM'aI  lu}*e  so  as  to  lilt  the  esophagus.     The  experi- 

^B  meiit  vvsifi  so  unant^if^l  as  to  indicate  the  tiiometit  the  aot  i>f  swallowing  (tii«meiiced,  a  second 

^m  ha«jj  Ktiijtj  placed  in  the  jdnirynx^  and  of  course  an  the  bohiH — usnaHy  wflter — paasL^J  alonj^  the 

^m  ]>hEivy!Jx  and  o^sopha*;u!4  it  compressed  tirst  the  one  and  then  the  other  bag,  and  a  tiiicini(  wsm 

^B  obtain ihI  of  the  rchitive  tiini'  ul'  pa&saj^J 

I 


III  all  ("Xpcriint'iits  011  tlo^^lutitit)!!  it  is  iinjiurlaiit  to  rt!nicjul>er  that  the  sizi*  and 
t'niisisteiiw  iif  thi^  iKdust  cnuse  Uitrereut  laechiiiiiisms  t-o  i^oiue  iiit^>  I'liiV-  ^'^  swalJow- 
iii^  water,  for  exaiii]dc%  kns  tliaii  ^'jjth  st^crmd  suffices  to  transport  it  frinii  tin*  uioiith 
ab>n^^  thu  oes<iplmKUs.  It  is  **iirqj*^ct*'il/'  **slnitHh:i\vn  ^*  the  ti?so|>hit^ns  liy  the  coii- 
trnctii>nH  cliieiij  of  the  miiseUvs  of  the  fi^wir  of  the  mouth — the  iiiyhi-liy<ii(ls^tlie 
ce^sitphii^iiH  roinainiii^  o|wn  ;  ami  thi"  a^sophiigns  lii'^^t  rontract?^  u/tf^r  the  Indus  is 
jdrcitdy  m  the  st^uunch.  If  a  lar^^r  mass  nf  roijs;ih'ral4t^  c^iu^istinice  is  swaUowinl, 
this  *oems  to  rei|uirp  the  litdp  of  tlic  coustrirtorK  of  the  pharynx  luvl  tla-  ti^j^»idiaguiil 
walls.] 

S^TOm  tlie  tracing  (tig,  200)  it  will  In*  sticn  rliatlhe  ]nAu» — e.tj.^  wat*n* — in  projcetpd 
t   into    tlif?    stomach    long  Itcforv   thr*  tt^-?opliagttjn  Ivcgins  to  contract.     What 

Kroiieeker  insist.^  on 

is  that  iti  .swallow- 
ing, say  water  or  scmi- 
rtuid  food,  the  food  is 
not  carried  into  thi* 
stoniat-'li  liy  a  conipli- 
ciitt?(l  penstidti<"  act  n> 
describe* I  aliovc  ;  Init 
tliat  the  act  of  «k^ghi- 
tition  i;^  one  act,  dui^ 
rhietly  to  the  con- 
traction of  the  mylo- 
liyoid  niuHch's,  wliicli 
project  the  fViotl  right 
tkrougli  the  reliixed 
OBSOphagUH  into  the 
Btomacli  with  eoiisider- 
alde  rapiclity  (^\^  iwc.) 
ami  uml**r  a  ndativelj 
high  ]jrtis.surt\  Of 
ecuirrte  at  the  *>amf5 
time  tlie  various  side-openings  to  the  pcist<'rior  nares  imd  entrance  to  the  glottin 
have  to  ht*  guardeil  and  closed.] 

[The  niylodiyoiils  form  a  hammock  like  diaphragm^  on  which  rest**  the  ton^ac  Tli«re  are  also 
foncenied  the  loa^tudinaL  and  hyoglossi  nuisclea  ;  the  latter  pull  Ihf  root  of  the  tongm*  hack- 
waifls  and  downwardii,] 

[Wh«n^  however,  the  boliis  is  large  and  solid,  tht^n  deglutition  takea  p!ace  miich  more 
Klo^ly,  and  the  liolnr*  seetnii  to  meet  with  moj^e  re^iistaiice  at  certain  parts  in  iti  jwj«8age, 
and  to  rer|iiire  the  peristaltic  action  of  the  pharv'ngeal  and  (jcaophageal  muscka  to  press  it 
onwards,] 

[Kronecker  divides  the  digestive  tnhe  an  far  as  tlip  cardia  into  five  mnt*eular  rinxi?— J.  Those 
for  the  hnst  aet^  chietly  th»  mylo-liyd<lH.  2-  The  constrictors  of  the  pJiarynx.  X  Thi?  first 
sectioD  of  the  «i:'^oi>hugnfi  (cervical  jiegmcut  provided  with  atniied  muaek").  4.  The  upjxjr 
ilonjjil  «e>^iuint  of  the  ti?sophttgns  (partly  stri[>ed  and  mrtly  smooth  tnuHcle).  5,  To  the 
cardhic  (smooth  muscle )»  In  this  connection  we  may  recall  the  observation  of  Viichow  iiii  cthsken 
of  poisoning  by  siilphnric  acid,  where  he  noticed  that  little  effett  was  prmhn:e<i  on  the  mouth 
or  pharynx,  the  rnoat  marked  cHecta  of  the  action  of  the  acid  beinjj  at  the  entrance  to  the 
te^ophtigns  where  it  crosses  the  left  hronchnH^  and  jaj*t  before  the  cardia  where  it  perforation  the 
diaphragind 


:.|  ih. 


Fig,  200, 
la  tit  ion.     1,  A  indicates  the  com  precision  of 


Tmcing  of  the  it 

the  eWntic  bag  caased  by  the  bolus  inofecte4l  hy  the  contraction  of 
the  mylodiyoid  nmsclea  ;  IV,  contraction  n(  the  pharynx,  1,  Line 
mnrkirjg  »econd.i  ;  3,  Tracing  of  the  bag  tn  the  ieso|>hagus  ]2 
centimetre.*?  from  the  teeth;  C»  compresHJon  of  the  hag  by  the  Ixilua 
corresponding  to  A  ;  D,  compression  hy  the  residues  of  the  l>idn8 
carried  on  by  the  contraction  of  the  pharynx,  B  ;  E,  contraction  of 
the  o>sophagus» 


270 
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[Sec.  166. 


[Time  relations.— As  to  the  time  relations  of  the  contraction  of  the  saccessive  mascalar  rings 
we  have  the  following ; — 


Contraction  of  mylo-hyoids  and  constrictor  0*3  x  1 

first  part  of  oesophagus  0  '8  x  (1  +  2) 

second  ,.  0*8  x  (1  +  2  +  3) 

third 


Sec8. 

-  0-8 

-  0*9 

-  1-8 
0-8x(l  +  2  +  8  +  4)     -     8-0 

6-0 


i.c.y  if  each  part  had  to  contract  successively  it  would  require  at  least  6  seconds  before  a  bolus 
of  food  could  be  carried  to  the  stomach,  yet  it  is  within  the  exj>erieuce  of  all  of  us  that  the  act 
occurs  much  more  quickly.  It  will  be  seen  that  the  above  gives  an  aiithmetical  series  of  the 
second  order  with  difference  1  and  a  constant  factor  0*3.] 

[It  is  necessiiry  to  distinguish  a  single,  isolated  act  of  deglutition  from  a 
series,  or  succession  of  these  acts.  If  we  make  a  series  of  acts  of  swallowing,  as 
when  we  drink  a  glass  of  water,  the  oesoidiagiis  doe^  not  contract  until  after  the 
last  act  of  deglutition,  and  it  contracts  at  the  same  int(jrval  of  time  after  the 
])eginning  of  the  last  act  of  deglutition  as  if  only  a  single  act  had  been  carried  out. 
It  is  obvious,  therefore,  that  every  act  of  swallowing  not  only  excites  an  oeso- 
phageal contraction,  but  at  the  same  time  it  iidiibits  the  already  excited  but  not 
yet^manifested  oesophageal  contraction.  Thus  in  swallowing  a  glass  of  water  each 
successive  act  of  deglutition  inhibits  the  oesophageal  contmction,  so  that  the 
oesophagus  remains  open,  and  only  contracts  after  the  last  drop  of  water  is  already 
in  the  stomach.] 

Nervous  Mechanism. — Deglutition  is  voluntary  only  during  the  time  the  bolus 
is  in  the  mouth.     AMien  the  food  passes  through  the  palatine  arch  into  the  gullet 

the  act  becomes  involuntary,  and  is,  in 
fact,  a  well-regulated  reflex  action.  When 
there  is  no  bolus  to  be  swallowed,  voluntar}* 
movements  of  deglutition  can  be  accom- 
plished only  within  the  mouth ;  the  pharynx 
only  takes  up  the  movement,  provided  a 
Ijolus  (food  or  saliva)  mechanically  excites 
the  reflex  act  The  afferent  nerves,  whicli, 
when  mechanically  stimulated,  excite  the  in- 
voluntary act  of  deglutition,  are  the  palatine 
liranches  of  th(»  trigeminus  (from  the 
spheno-palatine  ganghon  and  the  pharyngeal 
branches  of  the  vagus  (fig.  201).  [It  can 
also  be  excited  by  stimidation  of  the  central 
end  of  the  superior  laryngeal  nerve.]  Tlie 
centre  for  the  nerves  concerned  (for  the 
striped  muscles)  lies  in  the  superior  olives 
of  the  medidla  oblongata.  Swallowing  can 
be  carried  out  when  a  person  is  unconscious, 
or  after  destruction  of  the  cerebrum, 
(!erebellum,  and  pons  (§  367,  6).  [Even  in 
the  deep  coma  of  alcoholism,  the  tube  of 
a  stomach-pump  is  carried  into  the  stomach 
reflexly,  provided  the  surgeon  passes  it 
])ack  into  the  pharynx.]  The  nerves  of  the 
pharynx  are  derived  from  the  pharyngeal 
plexus,  which  receives  branches  from  the 
vagus,  glossopharyngeal,  and  sympathetic  (§  352,  4).  Stimulation  of  the  glosso- 
pharyngeal nerve  inhibits  n^flex  deglutition  (Kroneckei'  and  Wamlief). 


Fig.  201. 

Scheme  of  the  afferent  and  efferent  nerves 
concerned  in  deglutition  {Stirlhuj). 
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[Tlif^  efferent  or  motor  nerves  are  tlio?<f  aiip|ilyi*jg  the  muscles  cojjcemwl,  (1)  the  in/rnor 
7iuiiriititfy  tficUitm  of  t/tt  Jiffh  i^nmial  itittr  HmqAitiH  tlie  masHetcr,  tetnporaL  i>terjg«id,  ni yio- 
hyoiilf  and  an  tenor  hiAiy  of  the  tlii^astric  mtiacles  ;  (2)  the  fhemt  su{>phes  the  orbu'itlunjii  fiiis, 
buceinHt<»r»  JstyloJiyuid,  iirnl  poHlerior  belly  of  tlie  digjistri*' ;  (3)  t\w  hfffjtttjk/ssftl  or  ninth  emnitil 
lient'  siippljei*  tlie  iiitiiiisic  tiiytnle«  of  tlie  tongu*-,  K'^iiio  hy^ad,  thyru-byoii!,  gciiio  liyofjlosmis, 
hjo^lujii^uH,  and  Htylo-gla^siis  ;  (4)  bitiufhesof  ihi^  phfn/tujraf  pkr us  (vii^UM,  ^los.so-pliaryngeal| 
aud  symiMithetii^)  supply  tlie  count Kc tors  of  the  ]>haryiix*  jwiljito-gloiisiia,  and  pcdat^j-pharytigmm; 
(5)  a  bmncli  fixim  thw  glosao-pliaryiigeal  (1?)  su|>pliv3*  the  .Htylo-pharyngtius  ;  (d)  the  faciai 
(petrosal)  braiitih  of  tltc  Vidian  aupplieH  the  levator  iialati  and  ft/.ygos  nvuhe  ;  (Da  branch  from 
the  otic  ganglion  of  the  fifth  su|i|ilies  llie  tensor  pal ati ;  (8)  tlie  tn/irior  lanfntjml  b'tuiich  of 
tht'  V(i{fti!t  «uppli«3*t  the  niusclea  that  close  tlie  glottis*] 

[Wo  huv*'  seen  tliiit  thr  eoiitiiii'tiuu  t»f  the  a?H<»]>lmgus  is  iiihildteil  ilurbij^  a 
nut:t^et*sioii  of  acts  of  ile^liitilioiu  We  know  that  tlie  vagus  ro  mine  in  inijmUeH 
whk'h  f^xcite  t]w  cesoiilin^iis^  and  is  theiffore  imitAir.  Through  tlir  trigeniiiius 
ivfii/x  urt^  uf  deglutitiiiii  t-aii  be  exfitetL  Ah  Ut  the  glnsso-pliiiryugenl,  we  know 
lUnl  it.s  srrtiou  ihM's  not  si't  nsulv  dej^lutitioUj  nor  th>es  itv^  .stiniulntion  excite  thi^ 
art  ^if  swallnwing.  The  j^hinsn  [diary ngpiil  inhiliits  tli*'  oeeurrenee  of  n  ri^tlex  act 
of  dejtjlutitiou.  If  tlie  ^dn>wi>-] diary ngrul  l>e  t^tunulal*-il,  the  stronf(est  stiuuili  to 
(leglulition  (e.f/*,  hlliug  the  pharynx  with  tluith  or  sliuiulution  of  the  HUpiTior 
laryngeal  nervea)  hiil  to  Uineharge  the  tu-t  of  deglutiliini  ;  neither  tlie  first  part  of 
the  aet  nor  eontnietitai  of  the  uiso|diagU8  tak(\s  plaee.  Stiniulatiiai  nf  the  lihgual 
Iiraneh  of  the  glossi»-pharyngeal  inbibitj*  tlie  lirst  aet  of  tlpj^lutitiou  ;  while  tlit; 
pharyngeal  hranelies  sei^ni  to  inhihit  tlie  oesophageal  eon  tract  ion.s,  s«»  that  the 
glosBO-pharyngeal  i>  ih*'  mMbitory  nerve  of  deglutition.] 

[With  eaeh  stininliLs  U*  the  niovt-nieiit  of  the  first  art  of  deglutition  (es[(eeially 
the  niylo  hynid  groiiji)  there  is  an  inhibition  of  the  d<»ejirr  se<;tioiis  through  the 
stimulation  of  the  glos,stj.pharyngeal  nerve.  Tbin  inhibition  takes  place  in  tliv 
nervt'-eentre  hi  the  medulla  idihaignt^i,  for  Mos^^o  slmwed  that  the  ]»eristiiltir 
mi>vi'inents  of  the  a\s<iphaguH  are  [a'opagaled  from  abuve  dawn  wards,  even  after 
section  of  the  ofs^iphagus.] 

[Action  on  other  Centres.- -The  act  of  swallnwing  utlVets  namy  other  centa*«, 
e.ff.^  tht'  i  anlio-mMt^a'  in  tbr  rm^ibdla,  it  retbiecs  the  tunuK  of  the  lieart  vagus,  »o 
that  tlif  heart  iM-ats  < quicker  (S  -^Oil),  it  also  aJteets  th<*  respmit^iry  centre  and 
diminishes  the  jieeil  for  respindion,  eoiistituting  *'  negbditiiai-apmi'a."  It  also 
nlfects  the  vitHo-niotor  and  tjoine  other  centrei^  {Krfnif*cl'ffr},] 

[Where  the  deglutitiaii  reflex  ia  discliarged.— It  is  very  dillicnlt  to  deUrmino  from  what 
jiarts  of  tiic  niouth  deghitition  i^  t'Xcitoik  In  the  rabbit,  by  teaching  tlie  anterior  central  part 
of  the  soft  pahitf,  a  complete  act  of  deglutition  h  dirtchargttl.  This  may  be  set  iiside  by 
Jicction  of  the  tri^eminiiH,  or  painting  the  part  with  cocaine.  Part.s  of  the  larynx  aapplied  by 
the  8U[>erior  huyngeal  nko  cxrite  it.  In  man  the  rell«x  in  discharged  when  the  bolua  pai*«e>i 
behind  the  vebim  in  the  re»j;ion  *>f  the  tousiln.  Stiminlalion  of  tho  glosso- pharyngeal  inhibit.-i 
dcglutitkm,  bat  how  it  la  eniised  is  anknowit.  Stimulation  of  the  pharynx,  even  muscular 
pren-Hare,  will  inhihit  It  ijrmfnHrjf).] 

Within  ihi'  CBSophagus,  whose  stratifiml  squamous  epithelium  is  moistened  with 
the  iiiueus  derivt^d  from  thr  nineous  gbmds  in  its  walls,  the  downwai^l  niovement 
is  involuntary,  and  di^pends  upiai  a  eoin[)lieated  ivHrx  laiivemnit  discharged  from 
the  centre  fctr  cleglutition.  There  is  a  |H'riKt4dtie  movenirnt  of  the  outer  hmgi- 
tudbial  anil  inner  eiieidar  nun-striijed  muscular  fibres. 

In  the  apjier  partof  tho  reaopbogiis,  which  containa  striped  muscular  lihres^  the  iwriatalw!* 
takes  phice  nn>r6  quickly  than  in  the  lower  part.  The  movements  of  the  oesophagus  never 
occur  indiq>end«nlly,  but  are  always  the  continuation  of  a  foregoing  act  of  degintitiou.  If  foo+i 
be  iiitroiluced  into  the  (esopliagnti  through  a  hole  in  its  wall,  there  it  Mats ;  and  it  i*  only  carried 
downwards  when  a  movement  to  siwallow  is  niadt'.  The  jicristjilsis  extends  nlong  the  whole 
length  of  the  a'-sophflgus,  even  when  it  is  ligatured  or  when  a  jiart  of  it  ii*  removed  {Mossn},  ll 
a  dog  he  allowed  to  swallow  a  pit-te  of  tle«li  lied  to  a  btring,  so  that  the  flesh  goes  Indf-way 
down    the  iuHophngn»,  and   if  the  flesli  be  withdrawn,   the  juristalaia  still  jiaaaes  downwartb 

The  motcir  nerve  of  the  oseoph&gus  h  the  vagus  (not  the  accessory  fibrea)  [tesophiigeal,  whose 
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branches  have  uumerous  amaU  gnuglia  iu  tbeir  course ].  Aft^r  it  h  divided,  the  food  lodges  iu 
tbi^  lower  mrt  of  the  ofHophagua.  Very  lar«,'e  aod  very  snmll  nias^s<?»  ai-e  swallowe<i  with  inoru 
dithculty  tliaii  those  of  moderate  size.  Dojt»s  can  swallow  an  oliveslmned  hotly  weighted  with  n 
counterpoise  of  450  grnuis  {Moafu).  Wh«3ii  the  thorax  iM^reatly  disti>iidLii,  as  in  M«llor*8 
experiment,  or  greatly  diniinishiMl,  as  in  Vnlsnlva'si  experiinent  {^  00),  detflutitioD  k  rendere*! 
more  dillicult. 

GoltzB  Experimenta. — The  o^soJ>bllg^s  and  stomach  of  tht-  frog  l^ecoitH*  more  ex ei table,  Lt\, 
the  excitability  of  the  KaDglioiiie  plexnMe8  tn  tbeir  walls  is  increased,  when  the  brain  and 
spinal  cord  or  both  vagi  are  destroyed.  The«e  orfjana  contmct  energetically  iifter  sli^lit 
stimulation,  while  frogn,  whose  central  nervons  system  is*  intuct,  awallow  Jbiids  Mimply  by 
peristalfiis.  Feiaaleft,  and  soinctiiiics  men  also,  wulfering  froTn  Jiyntena,  not  unfre<]nent]y  have 
Hindlftt  spasmodic  con tmctions  of  the  M'ijophageal  region  (glohns  hystcricns).  Alter  t^i^ction  of 
both  vagi  in  the  dog,  Sch ill' observed  epaNniodic  contractirio  of  the  teaophngus.  [After  section 
of  the  gloaw) -pharyngeal  net^e  the  ceaophagus  miiy  p&aa  into  a  state  of  tonic  spa-im  lusting  about 
ti  day]* 

E&ct  on  Circulation,  — Every  time  oiie  awallown,  the  heart's  action  ia  accelerated,  the  bli.«»d- 
preaaure  falls,  the  n".^cesaity  tur  respiration  dindnislieSj  wliile  niaiiy  movementH  (lakmr  jiains, 
L^rertion)  tend  ta  bo  inhibite<l.  These  etTocts  are  brought  abont  reflexly  {KrmuvArr  nnd 
MtU^-t,  %  369). 

[Structure  of  the  ffisophafus, — Tlie  cci^ophft^ais  in  the  ib>g  and  mhhxi  in  almast 
entirely  Ln'miHised  of  .stri[H^<l  muscle.  In  tlie  cat  and  imui,  its  uppi^  part  ai-ts  like 
a  striped  niilwie,  an<l  its  hjwer  part  in  coinfiUf^tHl  at  HiiitKdh  muscle.     The  cPH«>pbngii8 


hmne  with 
iiiu*i<ubfifl 


Siib-maecfla. 


Fig.  202. 
Transverse  8ection  of  part  of  the  tesopliagna. 

is  abniwt  25  <  ui.  long,  nnd  ib*  wall^^  are  cumixi**eil  nf  four  coats — nuK'ovis,  »ulj- 
jiiiR'ous,  niuj<fularj  and  filtmus  (Hg.  202). 

(1)  The  mucous  coat  is  firm,  and  in  thrown  into  bm^Qlndinal  foMs,  which 
di,sitppt»ar  wh*'n  the  iuIh-  is  distvndi^l  It  in  lined  hy  sfvenil  layers  of  stratified 
squamous  epithelium.  The  membmne  itself  is  comiK)S4'd,  i*sp4*i'ially  at  \U  inner 
jmrt,  nf  dense  fibrnus  tis^sue^  wbitb  projects,  iti  tb<^  form  nf  papillie»  inU^  the 
stnilitie.l  qiithelium-  The  piijiilliP  Jire  present  in  the  rbild,  hnt  iire  largest  in  i»hl 
])eo|jle.  At  its  uut^^r  jmrt  is  a  rontinnous  hMi^dtudiind  layer  of  non-strij^ed  iDU»cle^ 
the  musoularis  mucos».  The  layer  rt insists  i«f  sniull  bundles  i*f  uon'Strii)e<l 
JHUsele  separate  frMUi  eath  other. 

(2)  The  sub -mucous  coat  is  thicker  than  the  fnir^^idng,  and  consi.stH  of  \ofMX* 
romieetive  tissue,  with  tht-  acini  of  small  nuicons  glamls  indH'dded  in  \L  Tlie  duct« 
]>ierc;e  the  museidaris  niumr^  iu  ijj>i-n  on  the  inner  surface  of  the  tube,  Smnu 
animaiN  have  a  considendde  numWr  i*f  large  mucous  ghiuds  in  the  ap8*»phagii« 
(dog)  and  others  Iiave  very  few. 
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(3)  The  musoolar  coat  consists  of  an  inner,  thicker,  circular,  and  an  outer, 
thinner,  longitudinal  layer  of  non-striped  muscle,  commencing  on  a  level  vnih.  the 
cricoid  cartilage.  In  man,  the  upper  third  of  the  gullet  consists  of  striped  muscular 
fibres. 

(4)  Outside  the  muscular  coat  is  a  layer  of  fibrous  tissue, — the  adventitia — 
with  elastic  fibres.  The  structure  of  the  muscular  coat  of  the  CBSophagus  varies 
much  in  different  animals.  In  the  rabbit,  in  the  first  quarter  of  its  length,  it  has 
two  layers,  but  below  this  there  are  three  layers,  i.e.,  a  circular  between  an  outer 
and  an  iimer  longitudinal  layer,  while  the  non-striped  fibres  are  confined  to  the 
lowest  quarter  of  the  tube.] 

[Kerve-Plexuses. — As  in  the  intesthie,  there  are  two  plexuses  of  nerves  with 
ganglia  ;  one  in  the  sub-mucous  coat  (Meissnei-'s)  and  the  other  between  the  two 
muscular  coats  (Auerbach^s),  which  are  continuous  with  those  in  the  stomach  and 
intestine.  Blootl-vessels  and  numerous  lymphatics  lie  in  the  mucous  and  sub- 
mucous coats.] 

157.  MOVEMEKTS  OF  THE  STOMACH.— Position.— When  the  stomach 
is  empty,  the  great  curvature  is  directed  downwartls  and  the  lesser  upwards ;  but 
when  the  organ  is  full,  it  rotates  on  an  axis  running  horizontally  through  the 
j)ylorus  and  cardia,  so  that  the  great  curvature  appears  to  be  directed  to  the  front 
and  the  lesser  backwards. 

Amngement  of  the  Muscular  Fibres.— The  non-stiiped  muscular  fibres  of  the  stomach  are 
arranged  iu  three  directions  or  layere.  There  is  an  outer  longitudinal  layer,  whose  fibi*es  are 
continuous  with  those  of  the  (jeso])hagu8  and  is  best  developed  along  the  curvatures,  eiiiiecially  the 
lesser.  At  the  pylorus  the  fibres  form  a  thick  layer,  and  become  continuous  with  the  longi- 
tudinal fibres  of  the  duodenum.  The  circular  fibres  form  a  complete  layer ;  at  the  pylorus  they 
are  more  numerous,  and  constitute  the  sphincter-muscle  or  pyloric  valve  ;  whilst  at  the  cardia 
(inlet),  such  a  muscular  ring  is  absent.     The  innermost  oblique  or  diagonal  layer  is  incomplete. 

The  Movements  of  the  Stomach  are  of  two  kinds  : — The  rotatory  or  churn- 
ing movements,  whereby  the  parts  of  the  wall  of  the  stomach  in  contact  with  the 
contents  glide  to  and  fro  with  a  sh)w  rubbing  movement.  8ucli  movements  seem 
to  occur  periodically,  every  period  lasting  several  minutes  (Beaumont).  By  the^e 
movements  the  contents  are  moistened  with  the  gastric  juice,  while  the  masses  of 
fooil  are  partly  broken  down.  The  formation  of  hair-balls  in  the  stomach  of  dogs 
and  oxen  indicates  that  such  rotatory  movements  of  the  contents  of  the  stomach 
take  place.  (2)  The  other  kind  of  movement  consists  in  a  periodically  occurring 
peristalsis,  whereby,  as  with  a  push,  the  first  dissolved  portions  of  the  contents  of 
the  stomach  are  forced  into  the  duodenum.  They  begin  after  a  quarter  of  an  hour, 
and  recur  until  about  five  hours  after  a  meal.  This  peristalsis  is  most  pronoiuiced 
towards  the  pyloric  end,  and  the  muscles  of  the  pyloric  sphincter  relax  to  allow  the 
contents  to  pass  into  the  duodenum.  According  to  Riidinger,  the  longitudinal 
muscular  fibres,  when  they  contract,  esixjcially  when  the  pyloric  end  is  filled,  may 
act  so  as  to  dilate  the  pylorus. 

Tlie  following  experiment  is  designed  to  determine  the  time  at  which  tlie  ingesta  pass  into  the 
intestine.  Salol  splits  up  in  an  alkaline  medium  (in  intestine)  into  phenol  and  salicylic  acid, 
and  the  presence  of  the  latter  in  the  urine  can  be  ascertained  by  ferric  chloride  (violet  colour). 
In  health  the  reaction  begins  in  J-l  hour,  and  disappears  after  24  hours  ;  in  motor  insufficiency 
of  the  stomach  3-24  hours  later  {ffuber). 

Oizsard. — The  strongly  muscular  walls  of  the  stomach  of  grain-eating  birds  effect  a  tritura- 
tion of  the  food.  The  older  physiologists  found  that  glass  haWa  and  lead  tubes,  which  could 
be  compressed  only  by  a  weight  of  40  kilos.,  were  broken  or  compressed  in  the  stomach  of 
a  turkey. 

SThe  nerves  of  the  Stomach. — It  is  supphed  by  nerve-fibres  from  the  two  vagi 
[  the  solar  plexus.  After  forming  the  oesophageal  plexus,  the  left  vagus  descends 
rather  anterior  to,  and  the  right  posterior  to,  the  cesophagus,  and  they  continue 
along  it  to  the  stomach.     The  left  supplies  chiefly  the  lesser  curvature  and  the 
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anterior  siirfncc  of  the  organ,  togethr^r  \v'ith  brandies  to  the  liver,  and,  iierha|>8  the 
iUiodt'nuni,  wliilt'  tin-  right  j^ivp??  hranchos  ia  the  ]K>,sterior  rfiirface  of  the  stomach, 
about  tu'U'thiitis  of  il.H  Hl*reH  piissijjg  to  tlie  solar  plexiLs,  The  gastric  branches 
of  the  vagiUH  contain  foi  tlii^  most  part  non-Mit'thilIiiti^4  tihres*] 

[From  the  solar  or  coeliac plexus  Iniuichefi — ihifHy  com|k>sed  of  non-meiliillated 
^hre^ — proceed,  constituting  the-  gastric  plexus  t"f  the  Hj»L'\nrhnie  nerves  along  tiie 
ga^strie  jii-tery  U*  the  stoamch,  where  tliey  iiiterniingk'  with  the  branches  from  the  vagi 
under  the  peritoneal  eovering.  Small  ganglia  exist  in  the  eonrse  of  the^ie  nervei*. 
Branches  jjenetrate  the  coats  of  tlie  stomach  along  witli  the  arteries,  and,  hetwet^n 
tlie  longitndinfd  and  cii-CLiltir  muscular  coats,  fiuni  Auerbach's  plexus,  and 
Ueissner's  plexus  in  the  snl>iuncouH  eont,] 

[Ihanches  fnau  Meissners  plexus  pa.s.s  t^*  the  mucous  mendirane,  some  Uy 
supply  tlie  ninwenlariH  mucosa?,  ^Uil  it  may  be  t«*  the  glands  as  well,  lait  this  latter 
I  mint  ha.s  not  hei^n  proved  liistologirally.] 

Imjluence  of  Nerves  on  the  Stomach, —Auerliachs  gauflionic  plexus  of  nerve- 
hhrey  {iml  ncrvc-cells,  which  lies  lii'tvvi'en  the  muscular  coats  of  the  stomaidu  must 
be  regarded  as  its  proper  motor  centre,  and  to  it  nii>tor  impul.^es  are  conducted  by 
the  vagi.  Section  of  both  vagi  does  not  abolish,  hut  it  tliminisheu  the  inovenn'ntft 
of  the  stomacli.  The  mitscular  fibres  of  the  car<lia  may  be  excited  to  action,  or 
their  action  uihibited  Ity  tibrcs  winch  run  in  tin*  vagus  (Nn.  constrictoTes,  et 
dUatator  cardiiie).  [If  the  vagi  be  diiidetl  in  the  neck,  there  is  a  short  temporary 
spasmodic  ci^ntnietion  of  the  cardiac  ai>erture,  ( )ii  stimulating  the  perifdiera!  eTid 
of  the  vagus  with  electricity,  after  a  latent  i*eriod  ul  a  few  seconds,  ttie  cardiac  end 
contnuts,  more  espt^cially  if  the  stonnicli  l>e  distended^  but  lh<:  moveiiicuts  are 
sliglit  if  the  stomach  be  emjity.  In  curarised  dogs,  the  pylorus  contnicts  with 
varying  iiitr  lusity,  and  irregularly,  wliether  the  vagi  and  splanchnics  bo  intact  or 
divided.  8tiiuuhition  of  the  vagi  in  tlie  neck  enuses  eiintraction  of  the  pjh»ms, 
when  the  latent  jjeriod  may  be  seven  secomls.  Stimulation  of  the  HjilaiMluiics  in 
the  thorax  arrests  the  spontaneous  pyloric  contractions,  the  left  sj)lanelmie  being 
more  active  than  the  right  {Ostr).] 

In  the  caidift  are  ftutomfttic  gimg^lionic  c«tlB  (aiiidoK^aa  to  the  cardiac  gauGclia),  which  »re 
coMiieetod  with  the  vagas  and  ayaiiwthette.  [They  he  in  groupH  (11  in  the  rahhit)  and  nre  not 
to  be  confoiuulGil  with  Aaerbach's  pk^xus.]  A  ci-ntre  for  the  eontraedon  of  tho  card  in  lieii  in 
the  pirate r  10 r  pail  of  tbii  corpora  qiiiwlri^'eiaina  ;  the  etl'erent  chaiinel»  for  the  inipulie^  awm  to 
bu  through  the  vagi  and  prtl  y  th  rouf(b  the  spkiichnies.  The  centre  for  the  openi  iig  of  the  csrdia, 
[t>.,  the  ori^it  of  tho  dilator  cardia:]  Ih^  in  the  anterior  inrerior  end  of  th«  corpiiH  striatum,  and 
the  eondiKtin^  patba  in  the  vagi.  Tho  cardia  may  1>©  ojiened  reflejtly  by  stimulation  of  the 
senHory  alMloniiaal  nerves  [c.ff.,  of  the  kiilnt*y%  uterus,  iritesiioe]. 

The  body  of  the  etonoftcli  also  i>o?we4saes*a  few  automatic  ^nglia  in  connectioa  with  the 
viigi  and  sympathetic.  A  centre  for  its  contiuction  lies  in  the  corpora  quadri^mina,  and  the 
efferent  paths  lie  in  the  vagi  but  cbieHy  in  the  cord,  and  from  the  latter  into  the  ayrapathetie. 
Inhibitory  centres  lie  in  the  upper  part  of  the  cord,  and  the  clferent  paths  arc  in  the  sympathetic 
anii  splancbnies. 

The  pylorui  also  contains  Automatio  centres,  The  centre  for  opening  the  e&rdia  inhibits  the 
movement  of  the  pylorus,  the  path  heiug  through  the  cord  and  splanchnics.  Inhibitoiy  pyloric 
centres  Me  in  the  eorpom  fiuatlrigemina  and  olives^  the  paths  are  in  tho  cord.  The  centres  in 
the  cortex  [sulcus  emciatus]  for  opening  the  eanlia  at  thi-  same  time  contnict  the  pylorus.  The 
con  traction -centres  for  tbe  jiyloruH  lie  in  the  corponi  quadrigiinina  [Oi>tnchow»ki\  [These 
reanlta  refer  to  the  ilejr  and  rabbit,] 

Local  electrical  stimiilation  of  the  surface  of  llie  stomach  cantte^  circular  constrict  ions  of  tbe 
organ,  which  dis»p|jC'ar  very  gradually,  while  the  movement  bi  often  propag^iteil  to  other  ftarti 
of  the  gastric  vvall  When  heated  to  2y  C,  the  excised  empty  stomach  exhibita  niovementa. 
Injury  to  the  pedunculi  cerebri,  optic  thakmuH,  medulla  oblongata,  and  even  to  the  cervical 
jmrt  of  the  spinal  coid,  accortling  to  Schitf,  causseA  jiaralysis  of  the  ve^tsels  of  certain  areas  of  the 
stomach,  rr^ulting  in  congestion  and  suhnccjuent  biemorrhage  into  tbe  niueous  rnembrane.  [U 
is  no  uiKomnion  occurrence  to  find  hjemorrhage  into  the  gastric  mucous  membrane  of  rabbits, 
after  they  have  been  killed  hy  a  violent  blow  on  the  head.) 

[Action  of  I>nigB.--The  automatic  contres  are  exdted  by  emetine  apomorpliin,  tartar 
emettCf  while  mnscarin  caaaee  general  contraction  of  the  stomachs     The  activity  of  the  aato- 
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niatic  ctiitrea  is  diraini^hfid  by  cliloml,  urethan,  morpliin,  and  nicotin,  while  atropiii  c&uses 
paralysis  i>f  the  nervc-eiidings  {E.  Schiilz).] 

158,  VOMITIITG. — Mechanism. —Vomiting  is  LausiMl  l)y  contnictioiT  oi  tlio 
walk  i>f  tlie  stiimarli,  tli^^  |>yi<>ri<  sphincter  lieing  ciostnL  It  wreurs  mowt  reiidily 
when  tlie  st<imLit:Ii  is  distt^mh^il — (th>g8  iiRvmlly  gieatly  iliKteu*!  tfi*:-  stoitiaeh  hy 
swiillowing  air  l>ef«>re  tticy  vomit);  it  readily  oltiu-s  in  infinity  in  whom  tiie  cul- 
tle-H{ic  at  the  ranlia  is  not  (lev*do|H'tl.  It  it^  qniti*  ctnt^iin  iJiat  in  chihheii  voiuitinf( 
occui*s  tliron^li  contnirtion  o(  the  walls  of  the  stomactiT  witliout  th»^  s|wLsnioflit* 
action  of  tlit-  alMlnmiiud  walls.  Wliem  vomiting  is  violent,  Xlw  alxluiiiiual  mnsch»s 
act  energetically,  [The  act  of  vomiting  is  generally  ]>reeeded  l>y  a  feeling  of 
nausetv,  and  usually  there  is  a  rUHli  uf  saliva  int<>  the  month,  enused  by  a  reflex 
Btinudatiun  nf  alferent  tihref^  in  the  gastrie  Immehes  of  the  vagns,  the  efferent 
nerve  for  the  secretion  of  sdiva  being  the  eluinla  tympmi.  After  this  a  deep  insjnm- 
tion  is  tiiken,  ami  the  glottis  c  losed,  so  tfjat  the  iliapliragm  is  firmly  pressed  down- 
wart  Is  against  the  ahdominal  enntc^iits,  and  it  is  kept  eontraeted  ;  the  lower  ribs 
arc  pulled  in.  The  diaphragm  being  kept  ecmtnu^ted  and  the  glottis  closed,  a 
viident  expirator}'  etfort  is  made,  scp  that  the  ctaitnicticjii  of  the  alKlominal  nruscleg 
acts  npon  the  al>tlominal  eonttaits,  llie  stoinach  lieing  forcibly  compressed,  Tlio 
canliac  orifice  is  o|ieneil  at  the  smne  time,  and  the  euiitentci  of  the  strmiaeh  are 
ejected.  The  chief  agent  seems  to  be  the  abdominal  cr  mi  press  ion,  bnt  the  walk 
of  the  stfjmach  also  Indj*,  though  rady  t^>  a  slight  extent.] 

The  contraction  of  the  walh  of  the  stomjieh,  wliich  cjiascB  a  general  dimimition  of  thtj  gastric 
cavity,  La  not  a  true  aiiti-jM-nstalais,  astfni  l>e  8eeu  in  the  stotHacli  when  it  is  exposed.  The 
cardia  is  c^itd  by  th«  longitudinal  anisialar  fihies,  which  pmll  towards  the  lovrer  orificie  of  the 
Q^ojihagua,  m  that  when  the  stomach  is  fall  they  raast  net  aj*  dilators.  The  act  of  voniitiiijf  is 
nrectnlcd  hy  a  nictuadike  dilating  luovement  of  the  iutra-thonick'  ]*art  of  tlw  fr-sophagna,  which 
ts  cauaed  thu«  :  Tht'  glottic  is  closed^  inspiration  o^ciirs  siKilealy  and  violently^  uhereby  the 
Ofsophagiis  ia  diHtondud  hy  gases  proceeilia^t*  from  the  atoinach.  The  larynx  and  hyoid  bone, 
by  the  comhined  action  of  th«  genio-hyoid,  sterao  hyoid,  atcmo-thyroid,  and  tliyrodiyoid 
lunacies,  are  forcibly  jadled  fopwairtla,  so  that  the  air  pasHCS  from  the  pharynx  dowDwarda  into 
the  npjitr  &«ctiya  of  the  tewphagiw.  If  t!ie  ahdonnnal  walls  contract  suddenly ,  and  if  thia 
sudden  impal»e  be  aided  by  the  movenieats  of  the  stomach  itself,  the  contenis  of  the  stomach 
are_forced  oiitwanls.  Dnrin^  con  tinned  vomiting,  antiperit^takis  of  the  dnodennni  may  occur, 
whereby  hile  i^assea  into  the  stomach,  and  Ikecomes  ndxcd  with  its  content's. 

CfaHaren,  in  whom  the  fundns  is  absent,  vomit  more  easdy  than  adults.  [In  them  also  the 
nervous  system  ifi  more  excituble.] 

InflueECe  of  llerves.^The  centre  for  the  Timvement^s  eoncerncii  in  vt smiting 
lies  in  the  medulla  obh>iigata,  and  is  in  relation  witli  the  resjiiraUiry  centre,  avS 
is  shown  b}^  the  fact  that  nansea  may  l>e  overcome  hy  itipid  and  deef>  respirations. 
In  aiiiinnls,  vomiting  may  be  inhildted  by  vigofoiis  artitieial  respiration.  On 
the  other  hand,  the*  administnitioit  of  eerUim  emeticic  prevents  the  occurrence  of 
apnce4i. 

In  vomiting,  the  ajBbreilt  impulBea  may  l*e  discharged  from  (1)  the  mucous 
nuMnhnme  of  tlie  soft  palate,  pharynx:,  r(nd  of  the  tongue  {ijlmsthphartjngml  Jiei*ve\ 
as  in  tickling  the  fanees  with  the  hnger  ;  {'2)  the  nerves  of  the  8t<3mach  {vofffis  and 
gpupttihefif)  ]  (3)  stimulation  t>f  th<^  uterine  nerves  (pregnancy);  (4)  the  nirsentenc 
nerves  (inihinmiation  of  the  alMloinen  and  hernia)  ;  (5)  nerves  f>f  the  urinary 
npiKirjdiis  (ixissing  a  renal  calcnlns)  ;  (6)  nerves  to  the  liver  and  gall-duct  (faffiis)  ; 
(7)  iierve^s  t-^J  the  lungs  in  jdithisis  (tw/^w).  Vomiting  is  also  prmluecd  by  direH 
stintulntinn  of  tin*  vomiting  centre.  [The  efferent  impulses  are  carried  by  the 
phrenic.H  (diaphragm),  vagnn  ((jesophagus  and  stomach),  and  intcrcostaU  (abdominal 
niiuicles.] 

Vomiting,  prodaced  l)y  the  thought  of  something  disagreeable,  appears  to  be  caoBed  by  the 
conduction  of  thu  excitcnifint  from  the  cerebrum  to  the  vomiting  centre.  [It  miy  also  bo 
excited  through  the  h^mn  by  a  disagreeable  soielb  shocking  sight,  or  by  othsr  imnreasiona  on 
the  nerves  of  special  sense.]    Vomiting  is  very  common  in  diseases  of  the  brain  [tubercle, 
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mfljtmmAtioii,  hsinorrhage.  ]  Section  of  both  vij;i  generally,  but  not  alwiiys,  prevents 
vomitini;. 

Emetics  act  (1)  partly  by  tncohaiiio&lly  or  L-liomkally  istiriiulallng  the  ends  of  the  cectripetal 
(iitferent)  nerves  of  the  hiulqus  memlir&ne.  [Tlieiie  are  hitrd  emetics.]  TiekHng  the  faueea, 
touching  the  surface  of  the  exposed  stoniach  [aon) ;  and  many  chemical  emetics,  c.e^.,  mnstanl, 
cupric  and  ziiic  :)iilphiite,  and  other  metallic  salt^  act  iu  this  way.  (2)  Other  substances  canse 
vomiting  when  they  are  introduced  int^  the  blo(Kl{  without  being  first  introduced  into  tbeistomach), 
and  act  directly  upon  the  vomiting  centre,  r.g.,  a|foiiiorphin.  [These  u.vt  general  emetica.]  ($) 
Lastly,  th«Te  are  >iome  #tubhtancea  which  act  in  l>oth  ways,  ?.</.»  tartar  emetic.  Emetics  may 
also  remove  niucuH  from  the  longs,  and  in  thi<i  case  it  is  probable  that  the  emetic  acts  upon 
the  resriiratory  centre,  and  so  favours  the  respirations.  The  general  emetics  usually  create  con* 
alderable  depre*»ion,  while  the  vomiting  lasts  longer  than  with  local  emetics.  The  former 
iucreaso  the  salivary,  gastric,  and  rt^piratoiy  secretions. 

[Uses  of  EmetiCB.— Enjeticj^  arc  useful  not  only  for  removing  from  the  stomach  any  offending 
botly,  be  it  a  poison  or  the  products  of  imfujrfcct  or  jwrverted  gastric  digestion,  or  bile  which 
hoii  |)ftssed  bock  into  the  stoiim4.*h,  but  foreign  bodies  im|)aoted  in  the  n.'wphagus  may  be  got 
rid  of  on  exciting  vomiting  by  tlie  siil>tutaneoui4  injection  of  apomorphin.  As  the  diaphragm 
contracts  vigorously  during  vomiting,  it  cornpres^scs  the  liver,  and  thus  bile  is  exfielle^l  into  the 
dumlennm,  or  the  passage  of  a  small  calculus  along  ttie  bile-duct  may  hi:  aided.  Tliey  also  are 
useful  iu  removing  mucus  or  false  membra nt's  from  the  respiratory  j passages.] 

[Anti-Emeticii.— Vomiting  luay  Ikj  allayed  by  /<)*r/r^  anti-emetics  such  a8  ice,  and  many  cheniical 
fiubstauces  such  as  bismuth,  hydrocyanic  acid,  opiuni,  and  mnrphia,  as  well  as  by  fjen^ml 
reuieilies  wliicli  act  ou  the  vomitipg  centre.  Some  of  tlie  foregomg  drugs  i^erhaps  att  both 
locally  and  generally.] 

Vouviting  is  analogous  to  the  process  of  rumination  in  animals  that  chew  the  cud  {%  187)- 
%Some  ftersons  can  empty  their  stomachs  in  this  way. 

159.  Hovements  of  the  iEtastine. — [The  intestines  ccnisist  of  the  small  and 
largfi  intej<tuui;  the  small  Intestiiie  eonmn^iice.s  at  the  pylorus  ami  ends  at  the 
jmictioii  of  tlie  ileum  with  the  large  intestine  (i.e.,  at  the  cfflctim),  &iid  its  length 
is  about  6 J  metres  (al>ont  20  feet)  (tig,  172).] 

[The  first  part  of  the  mnall  intestiiie  is  the  dnivftiiuin,  about  22  cm.  long  and  $  cm*  in 
diameter ;  of  the  remainder  the  upper  third  is  ealle<l  the  jfjunum  (2  2  nieti-es  long)  and  the 
lower  two-thirds  the  ilritfn  (about  4  meti-es  long),  but  there  is  no  line  of  demarcation  between 
these  parts,  the  one  shading  into  the  other.  The  Iftfge  ioteetiiie  is  about  I'-l-l'S  metres 
long  (about  5  feet),  wider  th^in  the  gmall  and  extends  from  the  terminatiun  of  the  ileum  to  the 
autia.  It  IS  divided  anatoniically  into  the  orrio/i  with  the  vermiform  oppndix,  the  eoionj  and 
the  redum.] 

[OompmtiTe  length  Kud  eapacity  of  the  inteaUnee,— There  is  a  marked  difTerence  between 
the  intestinal  canal  of  herbivora  and  carnivora.  Vegetable  food  requires  a  mQch  larger  number 
of  mechanical  and  chemical  aids  for  its  digestion  than  animal  food.  The  intestinal  canal  is 
shortest  in  caruivora  (cat,  lion,  dog),  longer  in  omnivora  (man,  a{)es),  and  longest,  sometimea 
very  long,  itnd  with  euormooa  dilatations,  in  the  pure  hcrbivora.  In  the  tiger  and  lion  the 
whole  digestive  tract  ts  3  tiuiea  as  long  ns  the  body  (/,*.,  from  the  nose  to  the  anus) ;  in  the 
dog,  6 ;  chimpanzee,  6  ;  man,  9  times.  In  herbivora  it  is  ll-2fl  times  as  long  as  the  body  ;  horse, 
12  times  ;  pig,  16 ;  ox,  20  ;  and  goat  26  times.  The  int^tinal  canal  of  the  horse  is  comparatively 
short,  but  its  capacity  is  very  grest.  The  oapucity  of  the  intestinal  tract  (excluding  the 
stomach)  is  in  the  ox,  80  litres ;  horse,  200 ;  ^ig,  27 ;  and  dog  8.  The  capacity  of  the  stomach  in 
the  ox  is  200,  and  in  the  horse  only  10-18  litres.  The  superfioiAl  area  of  the  intestinal  mucous 
mcnibnine  is  in  the  ox,  15  ;  horse,  15-51  ;  pig,  8,  and  dog,  0-5  sfjuare  metres  {Munt}.} 

Peristalsis. *-Tlie  be.st  exuinple  of  peristiiltic  movements  is  atfur^led  by  the  .sniiill 
intestine  ;  the  pr*)gre,s8ive  narrtaving  of  the  tube  proceeds  fiM^ni  rtl)<»ve  (lowiiwanis, 
thu«  propelling  the  c«>iit<*nts  before  it.  Frequently  after  ilenlii,  or  when  air  acta 
freely  upon  the  gut,  the  |>eiiKtitlsis  ik'veIo|is  at  vurious  parts  of  the  intestine 
sinndttineouslv,  whereby  tlie  loops  of  intei*ttne  present  the  appearance  of  a  heap  of 
worms  crt^eping  amongst  eat: h  other.  The  advance  of  new  intestinal  eontentn  agiiiii 
iacrea.sejs  the  movement  In  the  hirge  intestine  the  movements  are  more  sluggish 
atid  lesa  extensive.  The  peristaltic  movements  may  be  r<eeii  iuid  felt  when  tlio 
abdominal  walls  are  very  thin,  and  aki*  in  liornial  8jic3.  They  are  more  lively  in 
vegetable  feetlerif^  than  iu  earnivora.  The  perist^dsis  is  perliajis  conducted  tlirectly 
through  the  nniscular  substance  iteelf,  a^  in  the  heart  and  ureter.  The  moveinetits 
of  the  stomach  an<l  intestine  cease  during  sleep  (Btisck), 
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[Bate  of  Motion.— lu  a  Thiry-Velly  fistula  (§  183,  II.)  Fubini  estimated  the  rate  of  motion  of 
a  smooth  sphere  of  sealiug-wax  alone  the  intestine.  It  took  55  sec.  to  travel  1  era.  [f  in.] ;  an 
induction-current  greatly  increases  the  motion,  to  1  cm.  in  10  seconds  ;  NaCl  does  not  affect  it, 
but  excites  secretion  ;  laudan«m  paralyses  it] 

Method  of  Observation. — Open  the  abdomen  of  an  animal  under  a  *6  per  cent,  saline  solution 
to  prevent  the  exposure  of  the  gut  to  air  {Sawuifrs  and  Brtiam-ffouckgeest). 

The  ileo-colic  valve,  as  a  rule,  prevents  the  contents  of  the  large  intestine  from 
passing  backwards  into  the  small  intestine. 

When  fluid  is  slowly  introduced  into  the  rectum  through  a  tube,  it  passes  upwards  into  the 
intestine,  and  even  ^oes  through  the  ileo-colic  valve  into  the  small  intestine.  Muscarin  excites 
very  lively  peristalsis  of  the  intestines,  which  may  be  set  aside  by  atropin  {Schmiedeberg  and 
Koppc). 

rathologicaL  — When  any  condition  excites  an  acute  inflammation  of  the  intestinal  mucous 
membrane,  catarrh  is  rapidly  produced,  and  very  sti-ong  contractions  of  the  inflamed  parts  filled 
with  food  take  place.  When  these  parts  of  the  gut  become  empty,  the  movements  are  not 
stronger  than  normal.  If  new  material  i)as8es  into  the  inflamed  part,  the  peristalsis  recurs, 
becomes  more  lively  than  normal,  and  the  result  is  diarrhoea  {Nothnagel).  Sometimes  a  greatly 
contracted  part  of  the  small  intestine  is  pushed  into  the  piece  of  gut  directly  continuous  with  it, 
giving  rise  to  invagination,  or  intussusception. 

Anti-peristalBis,  i.e,,  a  movement  which  travels  in  an  upward  direction  towards 
the  stomach,  does  not  occur  normally.  This  has  been  inferred  from  the  fact,  that 
in  cases  where  the  intestine  is  occluded,  called  ileus,  faecal  matter  is  vomited. 
Kothnagers  experiments  throw  doubts  upon  Uiis  view,  as  he  failed  to  observe 
anti-peristalsis  in  cases  where  the  intestine  was  occluded  artificially.  The  fsecal 
odour  of  the  ejectii  may  result  from  the  prolonged  retention  of  the  material  within 
the  small  intestine. 

160.  EXCEETION  OF  FJECAL  MATTER.— The  contents  of  the  small  intestine 
remain  in  it  about  three  hours,  and  a]K)ut  twelve  hours  in  the  large  intestine, 
where  they  become  less  water}',  and  they  assume  tlie  characters  of  faeces,  become 
"  formed "  in  the  lower  part  of  the  great  intestine.  The  faeces  are  gradually 
carried  along  by  the  peristaltic  movement,  imtil  they  reach  a  point  a  little  above 
that  part  of  the  rectum  which  is  surrounded  by  both  sphincters,  the  internal 
sphincter  consisting  of  non-striped,  and  the  external  of  striped  muscle. 

Immediately  after  the  expulsion  of  the  faeces  the  external  sphincter  (fig.  203,  S, 
and  fig.  204)  usually  contracts  vigorously,  and  remains  so  for  some  time.  After- 
wards it  relaxes,  when  the  elasticity  of  the  parts  surrounding  the  anal  opening, 
particularly  of  the  two  sphincters,  suffices  to  keep  the  anus  closed.  In  the  interval 
between  two  evacuations  there  does  not  seem  to  be  a  continued  tonic  contraction 
of  the  sphincters.  As  long  as  the  faeces  lie  alx)ve  the  rectum,  they  do  not  excite 
any  conscious  sensations,  but  the  sensation  of  requiring  to  go  to  stool  occurs  when 
the  faece^s  pass  into  the  rectum.  At  the  same  time,  the  stimulation  of  the  sensory 
nerves  of  the  rectum  causes  a  reflex  excitement  of  the  sphincters.  The  centre  for 
these  movements  (Budge's  centrum  anospinale)  lies  in  the  lumbar  region  of  the 
spinal  cord  (§  362);  in  the  rabbit  between  the  sixth  and  seventh,  and  in  the  dog 
at  the  fifth  lumbar  vertebrti  {Masius), 

In  animals  whose  spinal  cord  is  divided  above  the  centre,  a  slight  touch  in  the  region  of  the 
anus  causes  this  orifice  to  contract,  but  after  this  lively  reflex  contraction  the  sphincters  relax 
again,  and  the  anus  may  remain  open  for  a  time.  This  occurs  because  the  voluntary  impulses 
which  proceed  from  the  brain  to  cause  the  contraction  of  the  external  sphincter  are  absent. 

Landois  observed  that  in  dogs  with  the  posterior  roots  of  their  lower  lumbar  and  sacral  nerves 
divided,  the  anus  remained  open,  and  not  unfi-equently  a  mass  of  feces  remained  half  ejected. 
As  the  sensibility  of  the  rectum  and  anus  was  abolished  in  these  animals,  the  sphincters  could 
not  contract  reflexly,  nor  could  there  be  any  voluntary  contraction  of  the  sphincters,  the  result 
of  sensory  impulses  from  the  rectum. 

The  external  sphincter  can  l:>e  contracted  voluntarily,  like  any  volimtary  muscle, 
but  the  closure  of  the  anus  can  only  be  effected  up  to  a  certain  degree.  When 
the  pressure  from  above  is  very  great,  the  energetic  peristalsis  at  last  overcomes 
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tlic  8tTOiig«3t  voluntary  iiu|iul;ie.s.  Stiuiulntioii  of  the  peduncles  of  the  cerebrum 
and  of  tlie  s]tiii^il  void  hclow  this  poLut  aiiiiies  c< nitruL tioii  of  the  extemiil  sphin*"ter, 
Defeecation, — The  evaeuiitii^u  >:»f  the  fmees,  wljieh  in  ukiu  usiuiUy  oeeurs  ut 
certtuu  times^  begins  with  a  lively  jjerii^tjilsis  of  tlie  large  iutestiiie,  whieli  i>i\s8es 
downwards  t^  the  reetuuL  Jn  onler  that  tlie  uia.'is  of  fa?ees  may  ntit  exeite  retlexly 
the  sphincter-musdeftj  in  <ton80i|uence  of  iiieehajiical  stiiuulatiou  of  the  sensory 
nerves  of  the  rectum,  there  neeniH  U)  he  a  centre  which  inhibita  the  reilex  action 
of  the  sphincters,  whicli   is  nilled  into  phiy,  owing,  ns  it  aj«|H'ars,  t^i  voluntary 


Fig,  203. 

The7l>ennreAmi  an<l  its  muscles.  !»  uniia  ;  2,  coccyx  ;  3,  tuberosity  ;  <i,  scifttic  h'gmnent  ;  5, 
cotyJoiil  cavity  ;  B,  balbti-caverriosuh  nni^olt^ ;  Ts,  suii*'i1icjnl  tmnsverse  ]T«nnea1  inusi'le  ; 
K,  fiisciii  ol"  the  deep  traii.HVLrae  periaeal  itjttstle  ;  J,  isc\iio^cav(^ruofi\\s  moHtle  ;  M,  ubtnrator 
ifltcrnus  ;  S,  ejtteriittl  aual  spbiweter  ;  L,  l«vatoi-  aui  ;    1*,  pyrirorrnia. 

imimbes.  Its  seat  m  in  the  ImiiUj  jierhajis  in  the  optic  thabnni,  Wlien  this 
inhibitc^ry  apparatus  is  in  artirni,  the  ffecul  mass  ]kissvs  thrjnigli  th<^  anus,  witlioui 
rjfUi^ing  it  to  cli»se  reflexly.  The  stroii^^  ]M»rist4dj*is  wliieh  |(rec*"dert  deffecatiou  cnii 
be  jiided,  and  to  a  certain  degi'ee  exeitetl  by  ra])id  vi>hintitry  nioveinent^  of  tho 
exterutil  Hphinct^^r  and  levfitor  ani»  whereby  the  ph'xus  myentericus  of  the  largi^ 
intentine  is  titinHdrited  inerltanieally,  thus  esiusiiig  lively  peristaltic  movements*  in 
the  large  intestine.  Th**  expulsion  of  the  ii^(:vs  is  also  aided  l»y  the  jiresssure  of 
the  abili>minal  innscb%  tunl  ni«»st  efheieiitly  when  a  deeji  respinitiitn  is  t'iken»  do 
as  to  fix  the  iliaphragiu,  whertdiy  the  iiliilonunjil  eavity  is  tliminislied  to  tlie 
great^wt  extent.  The  soft  |mrt*s  <«f  the  lli>nr  of  the  ]Hdvis,  during  a  stnaig  etTort  at 
stOi>l,  are  driven  ilownwartls  in  the  ftirni  <«f  ,i  rone,  causing  the  mucous  iiieuibmn« 
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of  the  aiiUH,  wliirli  ront^iiiis  iiiiicli  vemms  IiIoimI,  U>  Ik  everted.  The  luiietion  of 
the  levator  aiu  (tigs,  203,  204)  is  tci  rai&?e  vohiiiUrily  the  soft  |iiu"t^  of  the  tloor  of 
the  pelvis,  and  to  pull  the  ainis  in  a  eertiiiii  extent  upwurds  uvi  r  the  desceinling 
fs&cnl  niaas.  At  the  simc  tiTiie,  it  prevents  the  disteJitiun  of  the  jjelvie  fascia*  Aj^ 
the  fibrous  of  l>oth  levutitren  eraiverge  helow,  and  become  united  witli  the  tiljres  of 
the  ext*!rual  sphineter,  they  aid  tlie  latter  during  energetic  coiitractir>n  of  the 
fiI>liinct4M'  ;  or,  as  Hyrtl  jnit  it<j  tlie  levatures  are  related  to  the  amis,  like  the  two 
conk  of  a  kdMieeo  pmeh.     During  the  pei'iods  between  the  macuatinu  of  the  gut, 


Fig.  204. 
Legator  ami  and  sttlituctcr  atii  {jxt^rnus. 

the  isbceti  apjtear  only  U>  reafh  the  lower  i'ud  nf  the  sigianid  flexure.  A.s  a  rule, 
from  thenee  downwardB,  tin*  riH-tuiii  is  normally  ili'void  of  fieees.  It  seems  that 
tlie  strong  eireular  tibren  of  the  nuisi'ular  eoat,  whieli  Xelaton  has  ealled  sjjhineter 
ani  tertius,  when  they  are  well  develnped,  contract,  and  ]irevent  the  entrance  of 
thi'  ft!?ees.  When  the  tendency  to  the  evncuntiuu  nf  the  rrctuni  is  very  pressing, 
the  anus  may  he  closed  more  Hnuly  fi'iuu  without,  l>y  energetically  rotating  the 
thigh  fnttwanls,  and  c<Mitriirtiug  th*'  muscles  of  the  gluteal  regiun. 

161.  CONDITIONS  INFLUENCING  THE  INTESTINAL  MOVEMBHTa— 

The  iutestinal  cauiil  coutahis  automatic  motor  ceEtres  within  its  walls^ — the 
plexus  myentericus  «>f  Auerbach — ^vliich  lies  l>etweeu  the  Iraigitudiual  and 
circular  muscular  fil>res  of  the  gut.  It  is  this  plexus  wliicU  enables  the  intestine, 
when  cut  out  of  the  body,  U)  execute,  apparently  spontaneously,  movements  for 
some  time. 
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[Stnicture. — Auerbach'a  PlexiiB  conaisbi  of  non'metluUaU'tl  nerve-fibrea  which  form  a  fairly 
deu-^ti  iiftwork,  grou|>s  of  ffjiDglioij  cells  &ecnrring  ut  the  ntxle^*  (tig.  206,  and  when  seen  in 
veitiLHl  auctions  betut?eu  the  miiiMJiilar  roats  it  is  like  iig.  205.  A  siiiular  plexu;*  extends 
througbotit  the  vvbole  iiitestiue  betwiH^n  the  longitiirUnal  nud  eireiilar  iiiu^ul&r  eoat«  from  th*' 
tfisophagiis   to  the  rectum,     Bmiicbea  are  given  off  to  the  uiuscHkr  bundles.     A  jiiniilar,  hut 


tv-^ 


f^ft^ 


^— 


<^ 

Fig.  205. 

Atiei'lmcli's  plexus  sliovvn  in  aectiou  (human),     a,  ganglionic  cells;  h,  nerve  librci*; 
r,  section  of  the  eircubit*  mnscidaf  libres  ;  d,  lougitmJinal  muftcubir  iibric». 

not  BO  rieh  a  ])lexn,s,  lies  in  the  snlt-nuieoua  coat — Meiasner'a  plexus— wbitjh  gives  branches  to 
supply  tbe  luuiteidaria  mucosa',  the  smooth  miiscnlar  fibn  a  of  the  t  illi,  and  tlie  glanil^  of  the 
intestine  (fig.  207).} 

1.  If  this  Lt-ntriv  is  md  uffefted  h\  any  stijiiuIuK,  the  movement  of  the  iiitestlue 
cease — eoin]»anil4e  Iki  tlir*  troiKlitioiiuf  the  iiK'diitbt  uljk>iigata  in  apnopa.  The  ^ame 
is  tnie — just  iis  in  tln^  enne  of  the  lespit^ttioii — dnrinf^  intm-ut<^rine  \di\  in  eonsf*- 
qiicnce  of  the  foetal  hlo<Ml  \w\\\^  well  .snpplied  with  t>,     This  condition  nniy  Ix,* 


Fig.  20tf. 

PlexiiH  ofAneiliaeb,  iin^iarefl  from  tbe  smnll  intestine  of  a  dog,  l^y  tbe  action  of  gold  cbloride. 
Tbe  nervc'Cvila  are  shown  at  the  nude^j,  while  the  fibrils  procetfdiiig  from  tbe  gangUo,  iiid 
tbe  anastomosing  fibres^  He  between  the  iDU&ctdar  hundlea, 

teiiuetl  aperistalBlB,     It  alno  occurs   dnrinjL;   f*h  eji,  |»i'rhat»s   on   account  of   thi^ 
greater  anion  nt  of  ( »  in  tlie  hbxnt  «hirinj^  that  ,^tiitf. 

2.  When  1>Iuo«i  containin«^  tlu*  normal  anioniit  of  hh^otl-gaBes  ]>as8e8  tliron^h  the 
iutet<tinal  Mood-ve.s8els,  th«Miniet  perinl^iUie  nunenientsof  htmlth  occur  (euperistal- 
ais)  pruvideil  in*  other  atimtilui*  he  a(i|ilie<t  to  the  intestine. 
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3.  All  stinuili  ap|»li*'<l  to  tlie  plcxim  myenterieus  iiicrea.Hp  the  jHTistTlsi^^,  \rhich 
may  l>eeonit'  ho  \'ery  violent  as  to  caUHp  ovaeiuition  of  tlio  contents  of  the  lai'ge 
gilt,  and  may  evoii  jirciduee  s])a?!iiiiHlie  conti'JHtioti  of  tlu-  imii?tiilaturL^  i>f  the 
intestine.  This  cLnidititiM  may  be  terjiied  dyBperistalsis,  rurn'Sixuiding  U* 
dyspucea.  The  roiiditwn  f^f  the  U(M*ff  Hoivin^  tlirougli  tlio  intpstinal  vi\ssels 
atfects  the  |>orL«*lalMis. 

Condition  of  the  Blood, —DyBperistAlBiB  may  he  jirodueetl  l»y  (a)  hiteirn{Aiug  the  circulatwn 
of  the  taltxHi  ill  the  inttstiues,  no  umttt^r  whether  ftDa'niia  (as  after  compresfiiug  thtj  aorta- 
*M(/5f')  or  venovis  hypeneiiiia  he  prckJueeil.  "" 
the  iiiereas*  of  COm.  Very  slight  tlis- 
turl>aut!e  in  the  intestinal  bloo<iv*»asela^ 
f«</.,  vt  nous  con«:eation  after  eo|aou8 
transfusion  into  the  veiii%  ivherehy  tlie 
abdominal  and  jiortal  veins  bi-eonie  cioii* 
gestefl,  can^f;^  intTeaseil  peristalsis.  The 
iiite8tiue.s  iteeonie  ncKluUteJ  at  one  \mvX 
and  narrow  at  iinothert  aiul  involuntary 
evacuation  of  the  hecen  tiik^s  pi  are  wlitii 
therp  is  eongestion,  owinj?  to  the  phi^- 
ging  of  the  intestinal  liloo4l-veHHels  when 
blood  from  another  Biieeie«  of  aniaial 
is  used  for  transfnsioij  (§  102).  Tlie 
marked  ppriHtalais  wliiirh  oiiura  on  the 
approach  of  death  in  uiidouhtt»01y  due 
to  the  derangements  of  the  circiiktiiHi, 
and  the  coiiBequent  altemtion  of  the 
ainonnt  of  gases  in  the  blood  of  tbf  in- 
testine* The  same  ia  true  of  the  in - 
CTeaaetl  movements  of  the  intestines 
which  ot-'car  aa  a  I'esult  of  psyehieal 
excitement,  c.g.^  grief.  The  tilimuhis, 
in  thia  case,  passes  from  tht'  ccrtliruin 
through  the  medulla  oblongata  [vaso- 
motor centre)  to  the  intestinal  nerves*, 
and  cauaea  anwmia  of  the  intestine  (cor- 
responding to  the  t*"hor  oceurrtng  elsC' 
where),  Whtn  the  normal  eondition  of 
thedrculation  is  restored,  the  jieriatalHis 
diniiuishes.  (6)  Direet  btininlation  of 
the  inte«tiiie,  €ondiit:tetl  to  tlie  plexiij^ 
luf en  teriena.t^iisea  dytprri^fnlsh ;  direet 
EXpoatire  of  the  int<«tiries  to  the  air 
(stronger  when  CO.j  or  01  is  present) — 
introductitm  of  varionn  irritating  8nb. 
stances  into  the  inteiitine  —  inereused 
filling  of  the  intestine  when  there  is  any 
diliieidty  in  emptying  the  gut  (often 
in  man)— dirtet  stimulation  of  various 
kinds  (also  iollammation), — all  ant  upon 

the  intcMtine,  citlier  from  without  or  from  within.  Induction*!»hock9  api>lied  to  n  loo|>  of 
intesttae  in  a  hernial  sac  cause  lively  i>eriatal9is  in  the  h<^mia-  With  increaaiug  heat,  at  firiit 
theru  i.H  diminished  nn>venient  or  cessation  of  nmveinent  (stimulation  of  the  «planchnics) ;  on 
heating  to  45   tht»  movements  recomniem-ts 


Fig.  207. 
riexua   of  Aleisaner.     «,   ganglia  ;    ft,  fliiastunm»ing 
fibres  ;  r,  artery  ;  </,  vaao- motor  nerve -fibres  ntTom- 
jmnying  c. 


aiLses  i]\v  dys|'t'iist!dsis  to  pre 
hi'  railed  ''intestinal  paresis/' 


4.  Tl>e  contimn^il 
jilace  t<j  re^t,  <Avirif^  t* 
or  exlnmstion. 

Thiseondition  is  alisohitely  d liferent  from  the  jiasaive  eondition  of  the  intestine  in  ai^erititftlsia- 
Continued  congestion  of  the  intestinal  blood- vessela  ultimately  causes  intestinal  jiaralysiji,  «*>/■ , 
when  transfusion  of  foreign  blood  wuisei*  coagulation  within  the»e  vesstds.  Filling  the  blood- 
vessels with  *'indifrerent"  Ihuds,  after  the  peristalsia  has  been  previously  brought  about  by 
compri'ssing  the  aortJi^  al«o  causes  eeasation  of  the  moveinonta  {0.  ^^Vr*'«').  The  movements 
cease  \s\wn  the  intestines  are  cooled  to  l^"^  C,  {HorWidk)^  while  severe  inflammation  of  the 
inteittine  has  a  nimilar  cfTeet.     Under  favourable  circumataiiees,  the  intestine  may  recover  from 
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tUia  conilition*     Arterial   blood   udmitted  into  the  vessels  of  tlio  exhausted  intestine  causes 
IHTistttlsi*,  whit!h  at  first  is  more  vigorous  than  uormnl. 

5.  The  L'ontiiiueil  a]i]diciitii)n  of  .stroiij^  stimuli  cxius<^s  complete  paralysis  of  thu 
iiitt^atine,  suuh  m  occurs  aftfir  %'iolrtit  peritonitis,  or  iiitltniijimtioii  of  tlie  tuiiscu- 
liitiire  or  mucous  totit  in  man.  Lii  this  c  omlitiuu  the  iutostim^  is  ♦^eatly  diJ^tenJed, 
JUS  tho  [turtilysed  muscuJaturt*  tloes  not  ot1'<T  suHieieut  re.^isUmee  t*:i  the  iiitt^stinnl 
pises  wlueh  are  exjiiUKled  hy  iha  licat.  Tliin  ronHtitut^'s  the  iM)ndition  of 
meteorism. 

Influence  of  Kerves. — ^Vith  reganl  to  the  nerves  of  the  iutcwtine,  sthniiljition  of 
the  vagna  inenases  the  ijiovenieiitH  (nf  the  HmnW  iiitt'stiiie),  either  hy  comhicting 
imiiressions  t^j  the  plexus  myenterieuHSy  or  hy  eausiiig  coiitraetion  i>f  the  fltoiuach, 
which  stimulates  the  intestine  in  a  |iiirely  ni<x^hanical  manner  {Braam-IloudiyeeM), 
The  splanc^ic  is  (1)  the  inMbitory  nervi^  uf  the  small  itit<\stine  {Pflilijer\  Imt 
ojdy  as  ion^;  as  the  eireulati^^n  hi  the  intt-stinal  hlofKl-vesselK  is  nndistnrheit  ainl 
the  hlotwl  iu  the  *'a]>illanes  ilo<^s  not  hecome  venous  ;  when  the  latter  eondititm 
oeeurs,  stimulation  of  the  splanchnic  incre^iJ^i'.s  the  pcristjilsis.  If  artiMial  hlooil  1)0 
freelj  finppliwl,  the  inhihitrtry  action  continues  for  ^ome  time.  Stinuilation  of  thi? 
origin  of  the  splanchnic  s,  of  tlu^  spinal  Ciir<l  in  the  dorsal  reginji  (under  the  ssime 
conditions),  and  even  when  general  tctaiins  has  liecn  produced  hy  the  at  I  ministration 
of  strychrda,  canines  an  inliiltitory  etlect.  It  is  inferred  that  the  sjdanchuic  contains 
l>i*sides  inhihiltiry  fibres — which  are  eiusJly  exlianstrd  hy  a  venous  comlition  uf  the 
14iH>tl,  alsu  (2)  motor  fibres,  whi eh  remrdn  exeitahle  for  it  longer  tinie,  Ix-eausc  after 
diath  stimuhitieHi  of  the  splanchnics  always  eausi's  ]H'ristalsis,  just  like  stimuhition 
of  the  vagus.  (3)  It  is  the  vaso-motor  nerve  of  tlie  intestinal  Idoi id- vessels,  so  thnt 
it  governs  the  largest  vasenlar  ana  iu  tlir  hotly.  When  it  is  stimnlated,  »dl  the 
vessels  of  tlu'-  iuti^stine  winch  cojitain  nmsettlar  hlirpsin  their  walls  (!ontract ;  when 
it  18  divided,  they  dilate.  In  the  latter  rase,  a  large  annnurt  of  hlmxi  accmnulates 
within  the  bloiMh vessels  of  tlu*  rihtloinen,  so  that  there  is  anaemia  of  the  other  jjarts 
of  the  IkkIv,  whicii  may  lie  so  great  as  to  cause  death— owing  to  the  ileticient  supply 
of  hloixl  to  tin*  nu^dulla  ohlongata.  (4)  It  is  the  sensory  nerve  *>f  the  intestine, 
and^  under  eerhiin  circumsUnecs,  it  may  give  rise  to  vrry  [>aiuful  senwitions. 

As  dtimnlfttitiii  of  the  splanclmie  coatrarts  the  bloodvessels  vou  Basch  hus  niiseil  the  ques- 
tion whither  the  iiifestiue  (iof«  not  eonie  to  ivst,  tiwiiig  to  the  waat  of  the  blood,  which  acts  jis 
ft  stimulas.  Batj  when  a  weak  stimTiius  is  a|>]Jic'd  lo  thB  splancliuic,  thtj  uite^tiae  ceases  to 
move  before  the  blood-vessels  con t met  {vaa  Br<miti-Ho\tA'ff^€Ht)  ;  it  would  therefore  seem  that 
the  stiauilntioii  diaiiuishes  tlie  excitability  of  the  iikxas  luyentencus.  According  to  Engel* 
iimna  and  v.  IJrakel,  the  periHtaltift  move  men  t  is  chiefly  prouagated  by  direct  nmsculAr  con- 
tlactioa,  AH  ill  the  heart  and  nretei",  without  the  intervention  ot  any  nerve-fibres, 

[Eflfeet  of  Nerves  on  the  Eectum.— The  nervi  crigentes,  when  stimulaled,  cause  the  longi- 
tudinal niastailar  fibres  of  the  rectum  to  contract,  while  the  circular  muscular  fibres  are  supplied 
by  the  liyj>ogastric  nerves.  Stimulation  of  the  latter  nerves  aI«o  exerts  an  inhibitory  effect  on 
the  longitiuhnal  muwle^.  Stimulation  of  the  nervi  erigentes  inbilnts  not  only  the  «]Mmtaneous 
niovenieotijof  the  cireular  libies  of  the  rectunv,  but  filso  those  rnovenients  excited  by  Htimulatiou 
of  the  li\'(>o^rtstric  nerves  {Fdlnc!').^ 

[Artmcial  Circulation  in  the  Intestine.— Lud wig  and  8alvioli  ex ci wed  a  loop  of  intestine 
fiom  an  animal^  tied  a  caunula  into  an  artery  aiiii  another  into  a  vein,  and  kept  it  in  a  warm  moijit 
atmospbere.  The  firteriiil  cayuidft  was  connected  vsith  a  vessel  containing  defibrinated  blood, 
to  which  ditferent  drags  coald  l>e  added.  A  lever  rested  on  the  ifitcistiiie,  and  registtMx^d  it* 
movements  on  a  recording  surfa*je.  As  long  as  arterial  hbiod  was  tmuufused,  the  intejitine  una 
nearly  quieseent,  l>ut  wlien  it  was  arretted,  so  that  the  blood  lnjcume  ivvnrtw,  a  series*  of  con* 
tractions  occurred.  Nkotin  ditninishod  the  flow  of  blood  aad  *piickened  the  intestinfll  move- 
meiitA,  while  at  the  same  time  the  circular  luuscnlar  bines  remained  coatraiccd  or  tetanic. 
TinHurt'  of  oof  not  ^  in  tlie  proportion  of  01  to  *04  in  the  lilood,  causes  at  first  r:oiiti'action  of  tli« 
vesiiela.  and  lessens  the  amount  of  blood  circtilating  in  the  intestine;  but  it  very  rapidly  increai^ca 
--even  to  rix  timers — the  amount  of  blooil  which  transfuses,  while  at  the  Haine  time  the  nmve- 
inents  of  the  intestine  ccaw,  the  walls  of  the  inttsstine  being  contracted.  Fepiom  caused  first 
strong  tmd  then  irregular  cont^action^.  ] 

Iffect  of  Drags. — Amongst  the  reagents  winch  act  Ujiou  the  intestinal  movements  are  : — (I) 
Such  Ai  diminish  the  excitability  of  the  plexus  myentcricus,  r\f,j  which  le^en  or  even  abolish 
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iiiteatinal  |>enfitakis,  e.g,^  belladonna.  (2)  Such  na  stiiimlntt:  tlie  hildljibory  dbiea  of  the 
sphtneliuic,  and  in  large  danes  paralyw  tli*?in— npiuin,  moipliia  ;  1  and  2  produce  conntipatiuti. 
(a)  Other  agents  excite  the  motor  apparatus — tik-ytin  (even  causing  Bpanm  of  the  intestine), 
rnnscariD,  catfein,  atid  many  hixaHvo^,  wliieh  act  ns  purgatives.  The  movements  produced  by 
ninscurin  are  abolislied  by  atropin.  Tlit'se  substances  acc<>lerat^  the  evacuation  of  the  intc«riue, 
and,  owing  to  the  rapid  niov^eiuent  of  tbe  iirttstinal  contents,  only  a  small  amount  of  water  in 
aliivorlwd  ;  bo  that  the  evacnatioDs  are  frequently  fluid.  (4)  Amongit  jmrgtifiiYS^  coloejiith  aud 
<Toton  oil  act  us  direct  irritants.  Witli  rt-gani  to  drugs  of  thia  sort,  tbcy  ^cni  to  cause  a  wattiry 
transudation  iuto  the  iotc'stine,  just  aa  crotou  oil  causes  vesicles  when  applied  to  the  skin.  (5) 
Calomel  \s  said  to  limit  the  ah-Horjitive  activity  of  the  intestinal  wall,  ami  to  control  the  flecom- 
jiositions  in  the  intei^tine.  The  stools  are  thin  and  ^e^niahi  from  the  admixture  of  hiliverdin. 
(6)  CVrtain  saline  purgatives— sodium  «ulph»ite,  magnefliuuj  suljihntc — ciiunc  lluid  ^-vacuatioua 
by  rotainiiig  the  water  in  the  intt^stine  ;  and  it  is  naid  that  if  tliey  he  injected  into  the  blootl- 
vessels  of  aummls,  they  cause  constipation.  [When  a  cnstal  of  a  pofftsh  i»tH  in  applied  to  the 
jieritoneal  surfacta  of  the  intestine  of  an  animal,  it  causes  mi  rely  a  Wai  eouiitriction  of  the  mua- 

cular  filsrefi  of  the  gut^  while  a  Htxiitfm  :tall  cxritea  a 
contraction  wbit^h  parses  upwaitls  towards  the  stomachy 
and  ntver  towards  the  rt*ctuni.  In  any  case  it  may  serve 
as  a  n«cfu!  gnide  to  the  Hurgcon,  in  detei  mining  which  ia 
the  np[>er  end  «>f  m  jtitM^e  of  intestine  during  an  openition 
ou  the  iiitt^jitincs  (Xotfuuujd).] 


Fig.  209. 


Serosa.      — -^ 


Fig.  208. 


Fig.  210. 


Fig,  208r ^Vertical  section  of  the  wall  of  the  human  iitomach  x  15.  A'* »  epithelium  ;  /y/.jglanda  j 
MifKt  mujw'ulftns  miicosti?.  Fig.  209. — Goblet-cellM  of  the  xt^math.  Fig.  210.— Surface  sec- 
tion of  the  dog's  gastric  mucous  membrane,  showing  pit«?,  i",  i ;  a,  the  elevations  round  i\  /. 

[Saline  Cuthartic*. — A  salt  exerts  a  genuine  excito-aecrctoiy  action  on  the  glands  of  the 
intestines,  whikt  at  the  same  time,  in  virtue  nf  its  low  dilTusihility,  it  impedes  ahsorntion. 
Tlius,  between  *«tiniuluted  secietion  and  impedi^  absorption  theie  is  an  accnmulatiou  ol  fluid 
within  the  canal,  which  reaches  the  rectum  and  results  in  purgation.  Purgation  docj*  not  enstie 
wlien  water  is  withheld  from  the  diet  for  one  or  two  days  previom*  tfl  the  administration  of  the 
salt  in  a  coticeiitrated  form.  When  a  concentrated  solution  of  a  salt  is  administered  to  an 
animal  whose  alimeutary  caual  iw  empty,  but  whose  blood  is  in  a  natural  state  of  dilution,  the 
blood  liecomes  rapidly  very  ton  centra  ted,  and  reaches  the  maximum  of  its  con  cent  edition  in  fitim 
half  an  boor  tn  an  hour  and  a  half;  within  fmir  hours  the  Idood  has  gradn  ally  returned  to  its 
normal  state  of  concentration,  without  having  reabsorbed  fluid  from  the  intestine.  It  api»ar- 
ently  recouiw  itself  from  the  tissuedlnids.  The  salt— sulphate  of  magnesia  or  snlnhate  of  soda 
— becomes  split  up  in  the  small  intestine,  and  the  acid  is  more  mpidly  absorbed  than  the  1ms e, 
A  portion  of  the  absorbed  a<;dd  shortly  afterwards  returns  to  the  intestines^  evidently  through 
the  iuto«tiitnl  glands.  The  salt  does  not  purge  when  injected  into  the  blood,  and  excites  no 
intestinal  secretion  ;  nor  does  It  pur^e  when  injected  sulKUlaneously,  unless  on  acvouut  of  its 
causing  local  irritation  of  the  abdominal  snlx^utaueous  tissue,  which  acta  retlexly  on  the  intestines, 
dilating  their  blood- vessels,  and  perhaps  .stimulating  their  muscular  movements  (J/.  Hmjy] 
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162.  STEUCTITRl  OF  THE  STOMACH,— [The  stoina^-li  reoeivrs  tlie  holus, 
and  secri*tf^><  n  jiiifo  which  act**  on  certiiiii  roii8tituents  of  the  fotnlj  while  by  ik^ 


Fig.  211. 

I.  TmiiAVtrsc  KccUon  of  a  Anrt  of  n  fiiriflus-glaud^*,  iinnibraiia  [rnijjna  ;  bj  mueus-jseeroting 
goHlet-ct'lls;  ^,  adenoid  iutoiiitiiial  Hulmttince-  II.  Transverne  Sfetion  of  a  riindiis-glftoii — 
a,  chief,  h,  [mrieUl  cells;  t\  adenoid  tissue;  c,  ca|>illane8* 

niU8ciiliir  wnll8  it  moves  the  latt*^r  witliiti  its  own  cavity,  and  after  a  time  ex|i<*ls 
the  purtinny  ilifjjfMtcd  [inwluet^^  or  thyme — towjinls  tlie  dnodcnuuL     In  the  tidult 

when  uKwlemtri  ly  distended   it-^  length   is  alx)ut  28  cm. 

and  its  (rreatest  width  10  cjil] 

[StmctUTfi. — The  walls  af  tlie  .stomal  h  crnmst  of  foUT 

coats,  which  arc  fioni  witlnriit  inwanls  {H*^.  208). 

(1)  The  serous  layer,  from  the  jHnitimenm. 

(2)  The  muscular  layer,  einnjdj^ed  *if  three  liiyen*  of 
non-striped  lunseidar  fibres — (a)  longitudinal,  (b) 
eireidar,  fc)  ohliijne. 

(3)  The  sub-miicous  layer  of  loos^e  connective-tissue, 
witli  the  larger  hlood- vessels,  lymiihaties,  aiul 
nerves, 

(4)  The  mucous  layer,  eontuniiig  the  serretory  gland.s. 
The  well-develoited  mucous  membrane  of  tin-  stomach 

is  thri*wn  intik  a  seiies  ni  folds  or  rugii,  in  a  contracted 
coiidititai  tif  tli"'  or^'an.  With  the  aid  of  a  handdens,  it 
iH  seen  to  he  he  set  with  small  irregular  depn^ssions  or 
pits  (fig,  210),  Tlu'oughont  its  entire  extent  it  iaeove^^ll 
by  a  single  hiyer  of  n^oiferiikdy  tall,  narrow,  cylindrical 
epithelium,  which  seeniK  to  consist  of  mucus-aecreting 
goblet-cells  (fig.  209),  The  epiilielium  is  sharply  iltdin»'<i 
at  the  cartlia  from  tlie  .stratitied  epithelium  of  the  a^so 
[ihagos,  and  also  at  the  j ly loruw,  from  the  true  cyliodrical 
epitheliiuii  with  the  striateil  disc  in  tliethuKleuum.  [Tlie 
cells  <oritain  a  plexu8  of  filirils,  and  in  the  passive  condi- 
tion .seem  to  consist  of  two  zones,  im  inner  crlear  part, 
next  the  lumen  of  the  organ,  consisting  of  a  subsUini^e 
(mucigt-n)  which  yiekls  miicu.s  the  att^iched  eml  of  the 
cell  hi'iiig  gmutdar.]  The  oval  nucleus  lies  about  the 
centre  of  the  cells.  Spindle-shapedj  nucleated  celK  pni- 
balily  for  replacing  the  other;*,  are  said  \fy  Ebsiein  to 
AH  the  cells  are  i>pen  at  their  free  ends,  so  that  the  nmai^ 


Fig.  212. 
Isolated  pylorir  glaiKL 

occur  at  their  hsises. 
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h  iviulily  disclii\rgc«l^  leaving  the  cells  empty.  Niuuerous  tubular  glands  uf 
twu  di.stiiict  kinds  are  placed  vertically,  like  rowa  of  test-tubes,  in  the  mufoiis 
nioiiibnme- 

Tlie  cardiac  portion  (»f  tliL^  ^'astrii'  iinitnns  uieiiiljraoe  consists  of  a  number  of 
uuer«:»sco|jie  tubular  gl/inds  [5  mm.  to  -2  mm,  iti  length  ftud  TiO-SO  ^  in  width], 
l>laced  side  by  side  in  a  vertical  in>sition,— the  fandus-glanda  of  Hrideidiain, 
otherwi^^e  called  peptic,  or  eiirdine.  8ever:d  gland-tubes,  whieli  are  wider  beloWj 
usually  open  inttj  the  duct  (tig,  213).      Eacli  gland  consists  of  a  structurele^sa 


Vertical  sectioa  of  the  gastric  inncous  iiiembrutie,  g,tf^  ^lits  on  the  surface ;  p^  neck  <^>t  a  funduH- 
gkiid  opening  Jtito  a  dnet,  j/ ;  x,  |mrietal,  ttuii  ;/,  thiuf  cells ;  t*,  t>,  c,  ftrtery,  vein,  uapil- 
lariea  ;  f/,  d,  lymphatics,  emptying  into  a  Urge  tnmk,  f\ 

mendirana  propria  witli  anaHtomoHiiig  hrauched  cells  in  relati<ai  with  it.  [Each 
glaod  ii-Ls  a  '^  mouth, '^  by  which  it  opens  into  the  titomaeh;  the  numth  ana  duct 
together  form  about  one- thinl  of  the  gland.  The  deeper  part  of  the  glands  lalled  tlie 
"body"  or  "  secretory  fiart,"  the  largest  part  of  tlie  gland,  is  Joineil  to  tiie  ilnct  by 
a  **oeck/']  The  duct  is  nhort,  about  ont^-fifth  to  one-third  of  tln^  wliole  tube,  and  iB 
lined  l>y  a  layer  of  tells  like  those  lining  the  stomach,  while  the  secretory  part  of 
the  tul>es  is  lined  throughout  l)y  a  layer  of  faintly  granular,  short,  small,  polyhedral, 
or  columnar  nncleatetl  cidls.  These  cells  Iwrder  tlK3  very  narrow  tortuous  lumen, 
aiul  are  called  principal,  cliief,  central  (fig,  211,  II,  a),  or  adelomorphous  celli 
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(dSi/Xos,  hidden).  At  various  places,  between  these  cells  and  the  membrana  propria, 
are  large,  oval,  or  angidar,  well-defined,  coarsely  granular,  densely  reticulated, 
nucleated  cells,  the  parietal  cells  of  Heidenhain,  the  delomorphoiu  cells  of  RoUett, 
the  oxyntic  (d^Vctv,  to  shaq)en,  acidulate),  or  acid-forming  cells  of  Langley  (fig.  211), 
(II,  /<),  or  ovoid  cells.  They  are  most  numerous  in  the  neck  of  the  glands,  and  less 
so  and  larger  in  the  deep  blind  end  or  fundus  of  the  tubes.  These  ceUs  do  not  form 
a  continuous  layer,  and  are  stained  deeply  by  osmic  acid  and  aniline  blue  (fig.  217), 
so  that  they  are  readily  distinguished  from  the  other  cells.  They  bulge  out  the 
membrana  propria  of  the  gland  opposite  where  they  are  placed.  The  parietal  cells 
in  man  are  said  to  reach  to  the  lumen  of  the  gland-tubes  {Stohr).  Isolated  cells 
are  sometimes  found  imder  the  epitheliimi  of  the  surface  of  the  stomach,  and 
occasionally  in  individual  pyloric  glands.  The  fundus-glands  are  most  numerous 
(about  five  miUions),  and  are  of  considerable  size  in  the  fundus.  At  the  cardia 
there  is  a  circular  layer  of  gland-tubes  >vithout  {parietal  cells  which  secrete  a 
diastatic  ferment  {Edelmann). 

2.  The  pyloric  glands  occur  only  in  the  region  of  the  pylorus,  where  the 
mucous  membrane  is  more  yellowish-wliite  in  colour  (fig.  212).  These  glands 
are  generally  branched  at  their  lower  ends,  so  that  several  tubes  open  into  a  single 
duct  [which,  in  contra-distinction  to  the  duct  of  the  cardiac  glands,  is  wide  and 
long,  extending  often  to  half  the  depth  of  the  mucous  membrane.  They  are  not 
so  closely  i)acke<l  as  the  fundus  glands.  The  mouth  and  duct  are  lined  by 
epithelium  like  that  lining  the  stomach,  while  the  secretory  part  is  lined  by  a 
single  layer  of  short,  finely  granular,  columnar  ceUs,  whose  secretion  is  quite 
different  from  that  of  the  cells  lining  the  duct  The  lumen  is  well  defined. 
Nussbaimi  has  occasionally  foimd  other  ceUs,  which  stain  deeply  with  osmic  acid, 
between  the  bases  of  these.  The  appearance  of  the  cells  differs  according  to  their 
state  of  physiological  activity  (figs.  215,  216).  When  they  are  exhausted  they 
are  smaller  and  more  granular,  owing  to  the  denser  reticidation  of  their  net- 
work ;  at  any  rate  they  are  granular  in  preparations  hardened  in  alcohol  (fig. 
216).  There  are  no  parietal  cells.]  [Mahl  by  tryptic  digestion  has  shown  that 
the  basement  membranes  of  the  gastric  and  other  intestinal  glands  can  be  resolved 
into  fibrils.] 

3.  The  glands  are  supported  by  very  delicate  connective-tissue  mixed  with 
adenoid  tissue  (fig.  211).  Below  this  are  two  layers,  circrdar  and  longitudinal,  of 
non-striped  muscle,  the  nmsciilaris  nmcosflD  (fig.  208,  Mm,\  and  horn  it  fine 
processes  of  smooth  muscular  fibres  pass  up  between  groups  of  the  glands  towards 
the  free  epithelial  surface  of  the  mucous  membrane.  Perhaps  these  processes  are 
concerned  in  emptying  the  glands.  [In  the  gastric  mucous  membrane  of  the  cat, 
there  is  a  clear  homogeneous  layer,  which  is  stained  red  by  picro-carmine,  and 
placed  immediately  internal  to  the  muscularis  mucosae.  It  is  pierced  by  the 
processes  passing  from  the  muscularis  mucosae.] 

Masses  of  adenoid  tissue  occur  in  the  mucous  membrane,  especially  near  the 
pylonis,  constituting  lymph-follicles,  which  are  comparable  to  the  solitary  glands 
of  the  small  intestine.  The  lymphatics  are  numerous,  and  begin  close  under  the 
epithelium  by  dilated  extremities  or  loops  (fig.  213,  tZ);  they  run  vertically  between 
the  gland-tubes  and  anastomose  in  the  mucosa  between  the  gland-tubes,  which 
they  envelop  in  sinus-like  spaces.  They  join  large  trunks  in  the  mucosa;  another 
plexus  of  large  vessels  exists  in  the  sub-mucosa  (Loven), 

[The  Henres. — A  plexus  of  non-medullated  nerve-fibres  and  a  few  ganglion  cells 
exist  in  the  muscular  coat  [Auerhach's],  and  another  [Meissner's]  in  the  sub- 
mucosa.] 

The  blood-vessels  are  very  numerous  (fig.  214).  Small  arterial  branches,  a, 
run  in  the  sub-mucosa,  and  ascend  between  the  glands  to  form  a  longitudinal 
capillary  network,  c,c,  under  the  epithelium,  and  between  its  meshes  the  gland- 
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ducts  ojieii,  fj,     Tlie  veins  n^utiuaily  i'olk*rt  froiii  thin  hovizoutiil  iiiiiillury  iit'lvvork, 
ami  run  t^iwanln  the  hirge  vcinn  uf  tlu-  HulmiUfuHa,  v^ 

[TraEsition  from  stomach  to  duodenEm. — If  n  Hcciioii  Ihj  uumIg  throujfli  tln' 
jiimtk^ii  of  tln^  st<>]iia(  h  will  I  tin*  *hH"l<Miiiii(j  it  tihmvK  i\w  ai>|M'jinii»c(*w  im'.'^i-nt*'*! 
in  tig.  214.     Th<-^  gluii«l>i  *»f  llnmiier  in   tliu  dutKb'jjuuj  nir  HtM^i  tu  1m*  hi^ntniogous 
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lieberktho   appear,   and   with   them   the   fiHi  m   ehametetli^  ^  thi^ 
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168.  VOL  0A0IBIC  J1FICEL— PropertieiL-^11i«-  ,js..tr    j .: 
elear  colo«xrk»  fltnd,  with  aatroog  acid  v^tAim^  mmi  u.<itt,  ^lA  |ie^.xilUr  <r 
ktieodoiir;  ilpiAalea  the  pkoe  <rf|ioiafia»liie^  likaoii 
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[Sec.  lea 


acid  Imodium  cUsi5olY*?s  proteuls.  E.  ScliiiU  obtjiiu<  d  0*41  to  M7  jier  cent  from 
u  fastiiip;  fK^r-^uii  l>v  nutans  uf  the  Qesu|iimf;nfi!  sound. 

(2)  Free  hydrocMoric  acid  (Pn^ut,  mu),  Q%  to  0^3  (Rirhef,  0-8  to2a)iK-r 
cent.;  (in  tlie  do^',  052  per  ceot).  The  acid  oficwr^  m free  hydrochloric  acid,  as 
from  tlie  gji,stric  juici-  there  ctiii  always  lie  ol)tain*'d  niori*  free  chlorine  than  hiisvs 
to  whicli  the  latter  can  be  muted  (6'.'  Srhmifii).  I^aetie  acid  is  usually  met  with, 
but  it  arisHH  fram  the  ferjiH^ntatiitn  of  tbe  earhijhydnite.s  of  the  fomi. 

Tefitfl.— Free  hydrochloric  acid  in  detected  by  tlie  following  reactioiis  :— 0"a25  i>er  ceut.  auht- 
Mm  of  methyl- violet  hconteii  blue,  especially  afttr  tiujuic  acid  has  been  added  to  the  fluid  ;  or 
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Section  of  the  pyloric  mucoua  membrane. 


Fig.  216.        ^- 

^loric  gland»»  showing  changeji  of  the 
eella  dunog  digestion. 
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alkaline  solution  tif  oo-tropieolin  becoiues  lilac  ;  or,  red  Bonhaiix  witie^  treated  with  aniytic 
alcohol  iititil  it-s  colour  ahnmf  dinappears,  becomes  ri>8e'Coloiired.  An  amylic  alcohol  extract  of 
riiH?  bih>errks  is  nuide  red  by  dilute  HCl.  [Giinzhurg  rcconiuieuda  an  alcuhoHc  solution  of 
phloroglncin- vanillin.  2  grams  ot  phlorot^hicin  arc  mixed  with  1  giurn  wf  vanillin  in  30  grams 
of  absolute  alcohol,  which  givoH^  a  yellowish- red  solution.  Concentrated  and  even  very  weak 
mtfieral  acid*  can.Hc,  with  this  sohitioD^  a  bright  red  colour  witb  the  formation  of  bright  red 
crystals,  while  concentrated  organic  acids  do  not  affeet  it.  For  gastrie  juice,  mix  i'<]UftI  miantitiea 
of  the  filtered  gastric  juice  and  the  altore  solution  in  a  watch-glasa,  and  evaporate  eiiretnUy,  not 
allowing  it  to  boil ;  a  red  ]jelliele  with  red  crystals  indicates  the  pnjsence  of  minute  tTticcs  of 
hydrochloric  acid.  Congo-red,  cither  in  solution  or  a*  congo-Rni  jmj>ers,  becomes  blue,  but  the 
reiietion  is  interfered  with  by  the  presence  of  wjuniotiia,  or  iinnoomacal  srtlt«.] 

Lactio  Add,— The  freshly -pre  reared  blue  solution  of  10  cc.  of  a  4  f>er  cent,  fcolntion  of 
cirbolic  mci6f  with  20  c.c  of  distmed  water,  and  1  drop  of  Uqnor  ferri  f^rcbloride^  is  changCfd  to 
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yellmo  by  lactic  acid  (Uffdmann),     Allow  the  fluid  to  drop  into  the  test ;  at  the  point  of  contact 
there  is  a  citron-yellow  colour. 

(3)  The  large  amount  of  mucus  covering  the  surface  of  the  mucous  membrane  is 
secreted  by  the  goblet-(;ells  of  the  mucous  membrane  (§  162). 

(4)  Mineral  salts  (2  per  1000). 

They  are  chiefly  sodium  and  potassium  chlorides,  less  calcic  chloride  (ammonium  chloride, 
also  in  animals),  and  the  compounds  of  phosphoric  acid  with  lime,  magnesium,  and  iron. 

(5)  A  milk-curdling  ferment  (rennet  or  rennin). 

Amongst  foreign  substances,  whicli  may  be  introduced  into  the  body,  the  following  api>ear 
in  the  gastric  juice — HI,  after  the  use  of  potassium  iodide — potassium  sulphocyanide,  ferric 
lactate,  and  siigar  ;  and  ammonium  carbonate  in  uraemia. 


[Composition 

of  Gastric  Juice  {Hoppe-SeyUr 

after  C.  Schmidt). 

CoiiHtituentN.                  1 

I.            1            II.            1          III.           , 

IV. 

' 

Human.                                      I»og. 

Sheep. 

:       with  uaUva. 

No  saUva. 

Water.    '.        .        .        . 

994-404         1       971-171 

973  062 

986-143 

Organic  matter. 

3-195                 17-336 

17-127 

4-055 

FreeHCl, 

0-200         1           2-337 

3  050 

1-234         1 

CaCl-.      .... 
NaCl, 

0-061         1           1-661 

0-624 

0-114 

1-465        1           3-147 

2-507 

4-369 

KCl.        ....  1 

0-550        1           1078 

1-125 

1-518 

NH4CI.    .        .        .        .  ; 

'           0-537 

0-468 

0-473 

Ca,2(P0,),        .        .        .  , 

(            2-294 

1-729         ' 

1-182 

y^r-.''  :  :  :; 

0-1-25      {  1           0-323 

0-2-26         1 

0-577 

t            0-121 

0-082         , 

0-831 

Good  human  saliva  is  not  so  dilute  or  so  poor  in  HCl  as  No.  I.  Szabo  has  found  even  3  of 
HCl  per  1000  in  man.] 

[Oc»npftratiye. — The  above  table  shows  that  the  gastric  juice  of  mammals  has  approximately 
the  same  composition  as  that  of  man,  but  there  is  more  acid  in  the  case  of  the  carnivora  than 
in  herbivora  and  man.  The  acidity  is  very  considerable  in  fishes.  It  is  said  that  in  certain 
invertebrates  (crustaceans),  the  gastric  juire  is  alkaline.] 

[The  pepsin  in  frogs  seems  to  be  diflferent  from  that  in  mammals,  at  least  it  is  active  at  0°  C. 
at  which  temperature  mammalian  pepsin  is  inactive.] 

[The  gastric  juice  of  new-boni  dogs  and  rabbits  does  not  contain  pepsin,  but  it  appears  a  few 
days  after  birth.  In  the  dog,  according  to  Hammarsten,  pe])sin  is  formed  until  the  third  week 
after  birth  ;  while  pe[)sin  is  present  in  the  human  fietal  mucous  membrane  just  before  birth, 
the  acid  appears  much  sooner.] 

164.  SECBETION  OF  OASTEIC  JUICE.— After  the  discovery  of  the  two 
kinds  of  glands  in  the  stomach  and  the  two  kinds  of  c(?lls  in  the  fund\is-glands, 
the  question  arose  as  to  whetlier  tlie  different  constituents  of  gastric  j\iic(;  were 
formed  by  different  histological  elements. 

OhangeB  of  the  Cella  during  Digestion.  —During  the  course  of  digestion,  the  cells  of  the 
fundus  (and  pyloric  glands,  dog)  undergo  important  changes  {HeldaUiain),  During  hunger, 
the  chief  cells  are  clear  and  large,  the  parietal  investing  cefis  are  small,  the  pyloric  cells  acar 
and  of  moderate  size.  During  the  first  six  hours  of  digestion,  the  chief  cells  bi>come  enlarged 
and  moderately  turbid  or  granular,  the  parietal  cells  also  enlarge^  while  the  pyloric  cells  remain 
nnchanged  (fig.  217).  The  chief  cells  become  diminished  and  more  turbid  or  granular  until  the 
ninth  hour,  the  parietal  cells  are  still  swollen,  and  the  pyloric  cells  enlarge  (fig.  217,  D). 
During  the  last  hours  of  digestion,  the  cliicf  cells  again  become  larger  and  clearer,  tiie  parietal 
cells  diminish,  the  pyloric  cells  decrease  in  size  and  become  turbid  (figs.  215,  216). 

[Langley  gives  a  different  description  of  the  appearances  presented  by  these  cells.  The 
reralts  may  be  reconciled  by  remembering  that  the  gland-cells  were  examined  under  different 
conditions.  The  secretory  cells  consist  of  a  cell-substance  composed  of  (a)  a  framework  of  li\ing 
protoplasm,  either  in  the  form  of  an  intracellular  fibrillar  network,  or  in  flattened  bands.  The 
meshes  of  this  framework  enclose  at  least  two  chemical  subsUnces,  viz.,  (6)  a  hyaline  substance 
in  contact  with  the  framework,  and  (c)  spherical  granules  which  are  embedded  in  the  hyaline 
substance.  During  active  secretion,  the  granules  decrease  in  number  and  size,  the  hyaline  sub- 
stance increases  in  amount,  the  network  grows.     This  is  the  reverse  of  what  is  stated  above  as 
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the  oljsenration  of  Heiiieiilmin,  but  the  i^niilai'  amitejiraiice  described  by  Htndeiihain  after 
Wfcretiou  is  vory  probaltly  due  to  llw  tirtion  of  the  liiirdfning  flgciit,  iikohol.  Langley  found 
that  in  the  living  condition,  or  aftL^i  thu  viae  of  €i,siniu  ncid»  in  souie  auimaU  at  leust,  tlie  chief 
cells  are  gran ular  during  rest,  bill-  during  a  atnle  of  activity  tivo  zones  are  difFpraiitiat4Kl — nti 
outer  one^  which  is  clear,  owing  to  the  disapjiearaiiee  of  th«  granules,  and  an  inner  more  or  lets 
grauuhir  one.  Granules  rcapfjear  lu  the  outer  part  after  rest.  Duriug  digestion,  the  ptirietal 
etdla  incri^ase  in  size,  biiit  do  not  Itetoiue  graiuilnr.  In  oil  cells  containing  much  pejwinogen 
distinct  gi-anide^ii  are  present,  and  the  quautky  of  pepsinogen  varies  directly  with  the  number 
aud  size  of  the  granules.     In  the  glamb  of  some  aniiunls  there  is  little  dilierenee  between  the 


Fig.  217. 

Fundus  g  la  nils  of  dog  stained  with  aniline  blue.  A  and  A'»  wliBii  animal  was  stanriMl  ; 
B,  first  stage  of  digestion^,  cnlflrgcnieiit  of  the  chief  cells  ;  C  and  D,  second  Htage  of  digiea^ 
tion^  progreHKivt  diminution  and  increased  turbidity  of  the  chief  celb  {ffridcn/min), 

Fepsin  is  formed  in  tJie  chief  eella  nf  the  fimdufi-g^lands.  When  these  are  large, 
they  contain  nmch  pep/^in  ;  when  th»?y  aiv  turbid,  the  nnioniit  is  small.  The 
pyloric  gluiids  are  aLno  said  to  Bei:rete  iK*p8iii,  but  only  tr:^  a  small  extents  Pejisin 
ac'cnmulftt'C^H  during  tln^  lir»t  stage  of  himger,  and  it  i«  tdiminated  during  digestion, 
and  al^o  during  prolonged  hunger,  Pe|>sin,  m  mcch,  is  imt  jirest-nt  within  the  celhj, 
hut  only  as  a  **  niotlier-subatance/'  a  pepsinogen-subitance  (zymogen),  or  pro- 
pepsin, which  occurs  iii  the  grnnAilca  of  tlie  chief  culls.  This  zymogen,  or  mother- 
.'<ul>shHicej  hy  itself,  has  no  elTect  ujxjn  |irottids ;  hut  if  it  he  treated  with 
hydrochloric  acid   or  yodiuni  chloride,   it  is  changed  hito  pepsin.     Pepsin  and 
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|iepsinogen  may  1«?  extracted  from    the  ^nistric  mucous  meuibrtiii'j  l«y  mt-aiiJ*  of 
\v liter  free  from  nciils. 

[The  chkf  reftsoDs  adduced  for  the  riew  that  tho  chief  eella  aocrete  pepain  are  as  follows  : — (1) 
The  pnucipal  cells  disappear  by  auto-digeKlion  when  the  mucous  mijiiibraijc  is  placLd  lu  1  [H;r 
ceut.  hydioehloric  nvld,  while  the  parietal  eell«  swell  up  and  do  not  disapjwear ;  (2)  There 
is  a  rektioti  between  the  volnmo  of  tbese  eelb  and  the  quantity  of  pepsin  obtainable  from  the 
mucous  membrane  ;  (3)  The  pyloric  region,  which  coiitninB  no  narietid  eelbj  also  secretes  pepsin; 
(4)  In  frogs  the  pepsin  i*  formed  in  the  a^sophagcal  glands,  which  contain  only  eella  analogous 
to  the  piiniijial  cells,  whiln  the  stomach  contains  glands  with  parietal  cells,  but  it  secretes 
acid,  and  un  pi' pain  ;  (b)  in  the  bat  during  hybernation  tlie  principal  cells  disappenr  almost 
entirely  while  digestive  activity  ini  su^iMjnded.] 

[Pepsinogen  and  Fepain.— (Ilyeerin  ex  tracts  very  little  ptpsin  from  the  pcrfm  tly  fresh 
gastric  mucous  membrane,  but  a  laige  amount  is  afferwanls  obtiiiued  by  extracting  it  with 
dilute  hydrochloric  acid,  or  with  tbii*  acid  uml  glycerin.  The  relative  amount  of  pepninogen 
and  |>ep.Hin  in  a  ttuid  may  he  determined  approximately  by  tbe  method  of  Langley  and  Edkins, 
A  1  per  cent,  aolution  of  sodic  carbonate  exerts  a  greater  destructive  action  on  pcpftiu  than  on 
pepsinogen,  while  a  current  of  CO^  destroys  pepsinogen  to  a  greater  extent  than  pepsin.  Both 
subs  tan  ceii  are  tinatfected  by  CO,  but  are  destroyed  at  54^  to  57*  C] 

[That  pepsinogen  exisU  in  the  mucontj  membrane  is  proved  as  follows  : — Extract  the  mucous 
mendjrnne  with  water,  or  glycerin  free  from  aeid,  until  no  looru  i)L»p&in  is  obUtnable  fruni  the 
membrane.  Then  treat  the  latter  with  dilute  hyHlroebloric  acitl  or  so<lic  chloride,  when  a  fresh 
quantity  of  pejisiti  is  at  once  obtainable.  More  pepsin  is  formed  or  set  free  by  tho  action  of 
these  re  agents  upon  some  other  body,  which  has  been  called  proiMJpsin  and  iiepsinogen.] 

The  pyloric  glands  also  secrete  pepsin  but  no  acid.  Klemensicwirz  excised 
ill  :i  livhi^^  dog  the  pyloric  portion  of  tht!  stunuiih,  uml  afterwards  stitched  together 
tilt  duwlenum,  miil  the  reuiaiuiiig  part  of  the  stomaclL 
The  excised  pyloric  pmrt,  with  its  vessels  intact,  lie 
^titdicd  to  tht^  ablomitial  wall,  after  sewing  up  iU 
lower  em  I  The  animaU  ex[jerimeute<l  on  died,  at 
the  latest,  after  six  days*  Tlie  secretion  of  this  part 
was  thin,  alkaline,  and  cmitaitied  2  per  cent,  of  solidr^, 
inchuling  pepsin. 

[Pyloric  FiflttUa,— In  tig,  1218,  P  represents  the  excised 
pyloric:  |u>rtioU)  C  the  cardiac.  Tho  parts  ot,  «,  and  ii  a' 
were  then  stitched  together,  and  tlie  continuity  of  thw  orgun 
established.  The  lower  end  {d}  of  P  was  closed  by  sutures* 
while  the  edges  of  P  at  o  were  stitched  to  the  abdominal 
walls,  thus  making  a  pyloric  llstula,] 

In  the  frog'  the  alkaline  glands  of  the  a\sophagus 
contiu'n  only  <hief  cells  which  pnxluce  pepsin  ;  while  the  sfciimach  hn«  glands  wliich 
secrett?  acid  (ainl  perlmps  jwime  j>i'psin),  and  are  lined  by  parietiil  cells. 

Amongst  fi^es  the  carjjs  have  no  fund  us -glands  in  the  stomach  {LmJmu)^  [The  secreting 
portions  of  glands  of  the  cardiac!  sac  (crop)  of  the  lierring  aie  lined  by  a  single  layer  of  polygonal 
cells  ( H\  Stirluufl] 

The  hydrochloric  acid  is  formed,  aeeording  to  Heidenlmin,  hy  the  parietal  cells. 
It  cwcuTH  on  the  free  surface  of  tbe  gastric  mucous  membrane  as  well  uh  in  the 
duets  of  the  fujulus-glands.  The  deep  jjart^s  of  tlie  glanrls  are  usually  alkaline. 
Free  HCl  is  detecte^l  in  human  gastric  juice,  witliiu  45  minutes  to  1  or  2  hours 
aft*>r  a  moderate  meal,  but  in  10  to  15  minntey  in  a  fasting  condition  after  drinking 
water  ;  the  anK>uiit  grarbudly  inerea-sej*  dining  the  process  of  digestion.  Lactic 
acid,  perhaps  derived  from  tbe  food,  is  found  in  the  etoniach  immediately  after 
taking  focwl,  after  half  an  liran-,  along  with  HCl,  while  aft4ir  an  hour  only  HCl  ia 
foutid  {Eicahl  and  Bom). 

CI.  Bernard  injected  lactate  of  iron*  and  some  time  afterwards  potassium  ferrocyanide,  into 
the  veins  of  a  dog.  After  death,  blue  coloration  occurred  only  in  the  upper  acid  layers  of  the 
HH1COUS  menibi-ane.  Neverthtdess,  we  nuist  assume  that  the  hydrochloric  acid  is  .secreted  in 
the  parietal  cells  of  the  fundus  of  the  glands,  and  that  it  is  rapidly  carried  to  the  surface  along 
with   the  [MapiiiD.      Briicke  neutralised   the   surface  of  the  gastric  mucons  membrane  with 


Fig.  218. 

Diagram  of  Klemensiewicz^s 
experiment  {JSfiHin/j). 
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mngnefiia  iistft,  cliDj^pcd  up  the  iniicoaa  memlirane  with  watei\  ftnd  left  it  for  some  time,  when 
tliei  fluid  liad  fif^iiin  an  add  ifartionu 

As  U>  the  formation  of  a  free  acid,  tb<'  folltiwiu^  hUtemfuts  may  \je  not«d: — 
The  parietal  rells  f(»nji  tlie  liyilroflilone  ariil  fruiti  thi"  ehlondf^n  which  the  mueoufi 
liieiiilmme  hikes  up  fntiii  tlie  IdtwitL  Aeeonlhig  to  V(»it,  the  foriiuition  of  ac*hl 
eoa^HPfl,  if  ehloriiles  be  vvithlieltl  from  the  food  Miily  Hiiggestn  that  tlie  active 
agent  is  hit'tic*  nvklj  which  s?[pHLs  up  Hoditiiu  chloride  and  forms  free  HCL  Tire 
htim  set  frt'e  is  excreted  hy  the  iirioe,  n^ncleriiig  it  at  the  same  time  le^  aeid. 
The  foniiatiim  c»f  neid  in  arresteil  during  hunger,  Aceonliiig  t<>  H.  Seljultz,  wat<»ry 
solutions  of  alkidiue  ami  earthy  ehlorides  are  ilecomposed,  even  at  a  low  tempera- 
ture, by  CO.p  free  hydroclilorit  acid  being  formed, 

[Iftliiu  sfctioas  ol"  tlio  (v^i  mueous  iiiemlmane  he  pUeed  for  a  day  in  lactate  of  iron,  tnd 
tlien  Ueated  with  iKttassic  ferrocyaiiide,  St-hrwald  finds  that  tht*  jMrietal  c<'ll»  tketomo  drirk  blue, 
witile  the  cldef  ceils  remain  colourless,  m  that  the  thief  cells  appnr  to  be  alkaline  and  the 
parietal  ctdls  &dd,] 

[The  Bource  of  the  HCl  is  iindoiibt^nlly  the  Bodic  chloride  in  the  blood  and  lymph,  but  what 
other  acid  dis|dflec8  tha  HCl  is  a  mtitter  of  eoujectuic.  In  t bis  connection,  it  is  im|x)rtaut  to 
remember  that  JuL  Thoniiicti  has  shoun  that  every  acid  can  disjdace  a  part  of  another  acid  fraui 
ita  combination  with  jLh  ham,  and  tlie  neakor  Ecid  miiy  even  combine  with  the  greater  pitit  of 
the  base.  Thomsen  calls  tliiy  ** avidity,"  Even  strmig  mineral  acids  nniy  be  displaced  by  wemk 
organic  onc».  Thus  the  free  CXK  in  the  alkaline  blcxid  may  set  free  a  small  quantity  of  HCl 
from  the  sodic  chloride.  What  is  utill  more  remarkable  k,  that  the  fn*e  HCl  nhould  be  tmuh- 
ferred  by  the  cells  towards  the  glond-duct  while  the  sodic  carbonate  diffuses  towards  the  bIoo<l 
and  lymph.] 

[The  milk-curdling  fermeEt  rtr  rennin  exists  in  the  imicous  membmne  in  th<* 
state  oi  a  zyniogeUj  from  winch  it  is  formed  under  tbe  action  of  acids.  According 
to  Dnigley  it  exi^ti*  in  tbe  i>rineipal  cells.] 

Secretioii. — [The  secretion  of  gastric  juice  is  intermittent  exce|»t  in  t!ie  vasti  of 
thoFi-  aniniairt  like  the  rabbit,  "whnse  stipmaehs  always  CDutiiin  food.]  When  the 
stomach  is  empty,  tJjere  is  usually  no  .secretion  of  gastric  juice  ;  this  tnke8  place 
only  after  approfiriate  (meehanicalj  tlicrmtd,  or  chemical)  stinudation.  In  the 
m>rmal  condition,  it  takers  {dace  immediately  on  tbe  iiitrcHluction  of  food,  hut  also 
of  indigestible  .Hu1)stanec.<,  stich  as  ]>ehblfs.  Tlie  mucous  mendiruiie  beconieB  red, 
and  tbe  circidatioo  more  active,  so  that  tin*  venous  blood  becojues  brighter.  [That 
the  vagi  are  concerned  in  this  vasc-ular  dilatation  is  ]»roved  by  the  fact  that  if  both 
nerves  be  divided  during  digestion,  the  gtistrii'  mucou.s  membrane  hetomesi  pnli* 
(jRiiiher/orJ).]  The  secivtion  is  i>rol>aldy  caused  rellexly,  and  the  centre  |terhaix< 
lies  in  the  wall  of  the  stomach  itself  (Meissners  pdexus  in  tbe  sub-mncoua  coat). 
It  is  asserted  that  the  idea  of  fiHiKl,  especially  during  hunger,  excites  secretion. 
As  yet  wc  tlo  not  know  tlie  eftect  produced  upon  tbe  secretion  by  stimulation  or 
destruction  of  other  nerves,  e.fj.^  vagus,  sympathetic.  [There  is  no  nerve  jxiKsing 
to  the  stomach,  wliose  stimulation  causes  a  stn-retion  of  gastric  juice,  as  tbe  chordn 
tyiniiani  drtes  in  the  sulunaxillary  gland.  If  the  vagi  Tkj  divided  suthciently  low* 
Lktwn  not  to  interfere  with  respiration,  the  introd«ctioii  of  ft»od  ^lill  causes  a 
secretion  of  gastric  juice  ;  even  if  the  sympathetic  branches  be  tlivided  at  the  same 
time,  secretion  still  goes  on  (Heufaifiaift).  iJivision  of  the  vagi  in  the  neck  is 
not  a  siitisfactory  exi>criment  in  Telatii>n  to  tlie  seereti«>n  of  gastric  juice,  for  tliis 
experiment  1  produces  .so  many  other  etlectH.  If  the  vagi  he  divided  below  the 
origin  of  tbe  [admonary  and  cardiac  branches,  gastric  juice  contiiining  pepsin  am] 
capable  of  digestion  is  said  by  some  observers  to  he  still  secreted  {see  under).  This 
experiment  points  to  tfie  existence  oi  local  secretory  centres  in  the  s(^:)niach.  Btit 
there  is  evidence  to  show  that  thcic  is  some  comiection,  [terhaps  indirect,  hc^tweon 
the  central  nervous  system  and  the  gastri*'  glands.  Richet  observed  a  ease  of 
comjdete  or  elusion  of  the  cesopbagus  in  a  woman,  jiriHlucerl  by  swallowing  a 
caustic  alkali.  A  gastric  fistula  was  maile,  througli  wlueb  the  jxTson  could  In? 
nourished,     ihi   placing  sugar   or  lenion  juice   in   tlie   person's  mouth,    Riehel 
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nhservf'4  a  secretion  oi  t^^istrif  juit-e.  In  tliis  lasf  no  saliva  ctiuld  he  swallnwetl  to 
excite  .secretion,  so  tliat  it  aiiust  havi*  taken  ]ilaie  thioiigh  ^onic  nervous  i  lianneis. 
Even  the  wiglit  tir  Mniell  of  footl  canscil  secretion,  Emotioiinl  stitrs  alsu  are 
knoivu  t<i  interfere  with  gastric  iligestion.] 

[Ill  dogs  Pawlow  made  a  gastric  fiatiilii*  dividetl  Uio  (esoplmgus,  and  atitcljod  the  two  cut 
♦^iids  of  tlu^  IfttUir  into  the  woiukI  in  the  neck.  After  lecoveiy  of  the  animals  ho  found  that 
rtt'sh,  when  fiateii,  pxdteil  n  copious  nitkx  secietioii  of  gnatiic  juicii  (20  c.c.  in  H  niinntefl)  in  axi 
( iiipty  stomai'h*  Of  coin-st*  the  food  in  this  ease  escninMl  l>y  thu  divitlHl  feaophagiisj  and  did  not 
enter  the  ^tomnch.  This  effect  was  not  ultere*!  hy  sei  tion  of  the  spltinclinic  nerves.  Division 
of  the  vagi,  however,  completely  aholinhed  the  reftex.  After  section  of  tlie  vagi,  for  aevirfll 
days  only  strongly  acid  mucus  JIowchI  froiii  tlie  stonuich,  but  it  had  w.^arrbly  any  action  on 
proteid.s.  Stimulation  of  the  peripheral  cud  of  the  divified  left  vagiis  caused  n  ch^ar  watery  fluid 
to  ftovv  from  the  fistahi,  wluch,  although  less  acid  than  uornral  jnii^e,  waa  cap^ilife  of  dit(esting 
proti-'ids.] 

Effect  of  Abaorption  of  peptic  products. — fleiih'uhain  isohit^il  a  i>art  of  th« 
nincoiis  nienil^rane  of  the  fundiiA  so  as  Ui  ft>rin  a  blind  Siic  of  it,  and  he  found  that 
iiiechtmical  stinmlatiori  aiUMed  merely  a  scanty  local  secretion  at  the  sjMit^  irritated. 
If,  however,  at  the  same  timCj  abs<jri»tion  tif  iligest-ed  matter  also  occurred,  secretion 
took  place  over  hirger  surfaces,  [lie  dbtingni.shes  a  {)rimary  and  niertdy  local 
secretion  excited  by  the  meclxanicid  stimulus  of  the  iiigesta,  and  a  secondary 
depending  011  alisorption,  and  ex  tern  ling  to  tlie  whole  <if  the  muc(ms  membrane.] 

The  Mtat^iueiit  of  Schifl',  tliat  active  ga:*tnc  juice  it*  secr<?ti>fl  oidy  after  al "sorption  of  the  so- 
called  peptogenic  aub«tances  (espeL'ially  iiextdn)  is  contirtdicted  hy  otlier  ohst-rvei'a. 

Tiu"  acid  conteEta  of  the  stomach  culled  chyme,  which  pas-s  into  the  duoilenum 
after  ga.strtc  digestion  is  eomidek^il,  are  neutralk^d  hy  the  alkali  of  tlie  intestinal 
mncoiis  nieiulaane  and  the  pancreatic  juice,  [at  the  same  time  a  precipiti^te  is 
formed  and  dejmsitiHi  ivn  the  walls  of  the  duodenum,  and  it  carries  the  i^epsin  down 
^vitli  it].  l*art  of  the  [>ej>siii  is  reid>sortied  as  sucli|  ami  is  fonnd  in  traces  in  the 
urine  and  ninsch?  juice  (Brwiie),  If  the  gastric  J 11  ice  be  conqdetely  iliscliarged  ex- 
tornally  through  a  gastric  tistula,  tlie  alkalinity  of  the  intestin*^  is  sti  strong  that  the 
nrine  l»econies  alkahne  {Mahj). 

The  acid  gastric  Juice  of  the  new-born  child  is  alceady  fairly  active  ;  fjaseiTi  is  most  e^isily 
diges^te<l  hy  it»  then  fihrin  uiirl  the  other  pmteids  f  if wyii/W).  When  the  auiount  of  acid  is  tiKj 
great  in  the  Btcntiach  of  suckliiign,  lar^e  linn  indigc?*tihle  maitses  of  casein  are  apt  t4>  \m  formtMl, 
especially  after  the  use  of  cow'b  milk  (!^  230), 

[Action  of  Drugs  on  dastric  Secretion. — Dilute  alkalies,  if  given  hefore  food  ;  wiliva  ;  somo 
Huhstauces  callwl  peptogoni  hy  Schitl',  sueh  a»  dextrin  and  pptona**,  alcohol  and  ether,  all  fiXcito 
secretion^  the  last  U-iiig  very  ]>owerfaL  When  the  secretion  iis  excijssively  acid ,  rt/r^/<*i*f.«  are 
giveir,  some  dimiiiisVdug  tlie  acidity  in  the  stoaiach*  as  the  carhonatea  and  hieai  bonatea  of  the 
alkalies,  liquor  potassje,  and  the  carb<>nate  of  magnesia  ;  while  the  citraten  and  tartrates  of  thu 
ttlkahes,  hecomiiig  converted  into  carl>onates  in  their  paasiigu  through  tin*  organium,  diniinish 
the  acidity  of  the  udne.]  Small  dosea  of  alcohoh  intrwhiced  into  the  Atouiajch,  incrtnise  the 
secretion  of  gastric  juiee  ;  large  doses  arrest  it*  Arti tidal  digestion  is  atfected  hy  10  per  cent, 
of  ahrohol,  18  retardt^d  hy  20  jk:iv  cent,,  and  banested  hy  stronger  dosca.  Beer  and  uine  hinder 
digestion^  and  in  an  undiluted  form  interfere  with  artiticlal  digestion, 

leS.  METHOBS  OF  OBTAINING  (JASTRIC  JUICE.— HifitoricftL—Si*.\llanzani  caused 
starving  nuinnils  to  swallow  small  pieces  of  s|ionge  euf  losed  iu  perforated  le^id  cap^^ules,  and 
after  a  time^  when  the  spouges  had  hecome  aatumled  with  gastric  juice,  he  removed  them  from 
thfi  HtoiniLch.  To  avoid  the  admixture  of  stall va,  the  sponges  are  best  intrcrthujed  through  an 
opening  in  the  «tfwphagUH.  Dr  licaumont  (l?'25)j  an  Ainericau  fihysiciaii,  was  the  first  to 
oiitiiiii  human  ijnstric  juioe,  from  a  Canadian  named  Ak*xLs  St  Martin ^  who  was  injured  by  a 
gun-shot  wouno,  whereby  a  permanent  tjastrie  fistula  was  established.  Various  substances 
were  introduced  through  tlie  external  ofMiningj  which  was  partially  covered  witli  a  fold  of  akin, 
an«l  the  time  reiiuired  for  their  solution  wuh  uottnl.  Hassow  (1842),  Blondlot  (1843),  and  liar- 
dele  hen  (1849)  were  thereby  kd  to  make  jk  tilu  inl  ji^astric  fistula?* 

Qaiitric  FiBtola. — The  anterior  ahdomiual  wall  is  o]H?ned  hy  a  median  inciaicm  just  below  the 
vn?»ifiMin  cartilage,  the  stomaL'h  is  exj>osed,  and  its  anterior  wall  opened  and  aftei" wards  stitched 
to  tlio  margini*  of  the  alulominal  walla.  A  strong  cannula  is  place-l  in  the  liatula  thus  formed. 
The  tube  is  kept  corked.  If  the  ducts  of  the  sahvaiy  glands  l>e  tietl,  a  perfectly  uncomplicated 
object  for  investigation  is  obtaiutxl. 
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Accorditig  to  Leube,  tJilute  liumaii  sn*trif  juice  may  be  obtained  by  means  of  n  syplmn-like 
tube  111  trod  need  ijito  tlie  stoinnt^'lk     WatiT  i*  ititroduectl  fii-st,  «iid  iifter  a  tirtiL'  it  is  witbdrawn. 

An  important  udvanre  was  made  when  ELerlo  (1834)  pre|«rtred  ftrtificift]  gaatric  juice^  by 
oxtractting  tb»*  pei>Hiii  from  the  gastric  nmeoua  tnembmiiL'  wilh  dihite  hydrothloiio  iicid.  Four 
litreji  of  solution  of  hydrochloiic  acid,  coutaiuing  4  to  8  e,c.  HCl  jkt  1000,  are  siilficient  to 
exlmct  the  clmpped-mi  tnncoua  nunibrtttie  of  a  pif^'s  stomach*  Haifa  litre  is  iufnsed  with  the 
atomacli  and  renewed  every  six  hours.  The  eolleetod  lluid  in  afterwards  tilteicd.  The  .substance 
to  be  digested  is  placed  iu'this  Hui4l,  and  the  whole  is  kept  at  the  temperaturi"  of  the  body,  b«t 
it  id  nccessar)^  to  add  a  little  HCl  from  time  to  tiuie  {Scfncaun),  The  HCl  mny  be  replaced  by 
ten  times  its  volume  of  lactic  acid  and  ali^  by  nitric  acid  ;  while  oxulie,  snlpliurie,  phosphoric, 
acetic,  formic,  succinic,  tartaric,  and  citric  acids  are  much  Ic&a  jietive  ]  butyric  and  aaiicylic 
acidij  are  ina<^'tive. 

Von  Wittich'a  Method. — (a)  Glycerin  extrrtcts  pepsin  in  a  vi  ly  pure  form.  The  inucoui$ 
memhraijf^  is  rubbi'd  up  with  pow<lered  ghisK  until  it  foniis  a  T>ulp,  mixed  with  |flycerin^  autl 
allowed  to  ntarid  for  eif(bt  dnya.  The  Uuid  is  pressed  throuijh  cloth,  wnd  the  filtrate  mixed  with 
alcohol,  thus  ]>reci[>itating  tlie  pt^ixsiu,  which  is  washed  with  alcohol  und  afterwards  dissolved  in 
the  dilute  HCl,  to  form  an  artihcial  digestive  fluid,  {h)  Or  the  mucous  membrane  may  h^ 
pliiced  for  twi-nty  four  hours  in  ahobol,  and  afterv^jvrds  dried  and  extracted  for  tight  days  with 
glycerin,     (r)  Wm.  Roberts  has  u.se<l  other  ngt^iits  for  extnieting  euiijTnes  (§  148). 

"Preparation  of  Pure  Pepain.  —  Brtieke  jKjurs  on  the  |Hmnded  mucous  memhranv  of  the  pij^'s 
stomach  a  5  per  cent  scdiition  of  phospboiic  add,  and  afterwriids  adds  lime-water  until  the 
acid  reliction  is  scarcely  di?^tin>fui!4hahle:  A  copious  |uecipitate,  winch  carries  the  pepsin  with 
it.  is  produced.  This  iirtciijiitrtte  is  collected  on  *:loth,  repciitedly  wnsbed  with  water,  and 
afterwards  dissolved  in  very  dilute  HCL  A  copious  jvrecipitation  is  caused  in  this  Huid  by 
gradually  adding  to  it  a  mixture  of  cbcjlestcriu  in  four  parts  of  alcohol  and  one  of  ether*  The 
cholesturin  pulp  is  collected  on  a  filter,  washed  ivitb  water  containing  acetic  acid,  aiid  after- 
wards with  pure  water.  The  cholcsterin  t>ulp  is  placed  in  ether  to  dissolve  the  cholesterin,  and 
the  ether  is  then  removed.     Tbe  small  watery  deposit  contains  the  pepsin  in  solution. 

Pepsin  so  prepared  ii^  si  folloicl  ,suUstancB  ;  it  does  not  react  like  nlliuiniu  with 
the  ftdlowiii;;  t+^st-^,  viz*  : — It  daes  not  give  the  xunthroproteiii  reurtirui  {^  248),  is 
iwt  fjreci  pi  tilled  liy  aretie  aeid  and  iMjt^isaium  ferrrieyanide,  nor  hy  taniue  !it!id, 
meictirie  ehlorhle,  .nilver  nitrat4^,  or  imline.  In  other  reajK^ets  it  belongs)  to  thi* 
group  of  idbnininoids.  It  i.s  rendered  inactive  in  an  acid  ftuid  1»y  heaimg  it  t<> 
55'  to  60^  C. 

laa  PEOCESS  OP  0ASTEIC  BmESTIOir*-^[lti  the  process  of  gastiic  dige^*^ 

tioii  we  havettj  con-^ider— 

L  The  secretion  of  gitstrie  juiee  and  it«  action  on  footl 

2.  The  111 worf^tiini  i>f  the  |ircKlnt"hs  of  this  digestion. 

3,  Tbe  jituVitnenU  of  the  «toni!udi  itself.] 

Chyme. — The  finely  divided  nnxture  of  food  and  gastric  juice  is  called  t7/y«/e, 
Tl I e  giu^ t r i e  .j 1 1  i ee  ; « e ts  n  p o 1 1  vv rUnu  eo u s ti tiien t^  of  ch y 1 1 1 e. 

L  ActioE  on  Proteids.— Pe|)8iii  ami  the  dilute?  hytlrochloric  acid,  at  the 
temperature  of  the  l>ody,  transform  proteids  iiitrf  a  ^ohibfe  ami  diffunhh!  form,  U\ 
wliich  Lebmimn  {185QJ  gave  tlu^  name  of  *' peptone*'  (S  249,  III.).  Fibrin  (nr 
coagtdated  proteids)  first  heeome^  clear  and  swollen  up*  [There  aeems  to  lie  a 
eloe«c  relation  between  tlie  aeid  ami  the  feniientj  so  miteli  so  that  some  have  .sjxikeii 
of  it  as  "  iM'j>«in-aeid  "  and  others  as  "  jjepto-hydroeldorie  aeid/'l 

[It  is  eomijj<udy  state*!  that  tlie  first  j^roduet  fonncil  duritig  the  ga.stri<   di;^e^tioii 

of  proteids  is  aTntoiiin  tir  para-peptone,  \\w\\  hemi  albumose  ^>r  pro-peptone,  ami 
finally  peptone.  The  jircHlncts  vary,  however,  witli  the  proteid  dlgestcMl  Kiihue 
has  showu  that  tbe  jurdfid  imdecnh^  is  split  uj*,  and  yiehls  two  groufxs,  which  he 
rails  hemi-peptone  and  anti-pep  tone  (ji.  29G),  A  mixture  t»f  the  two  he  calls 
amplio-peptone.  Hemi-peptone  can  lie  s]ilit  nfrintn  leneiti  am!  ty rosin  by  tryiwin, 
while  thr  anti-peptone  doen  ii«>t  inideigo  this  eliange.  Tlie  intennediate  body,  or 
priviM-'ptoiie.  i?i  leaily  a  mixture  of  several  Ijotlies.  Riihne  cuHrd  it  hemi-albmiu>j4e. 
These  interniediate  bodies  from  albumin  are  railed  albumo&es,  from  gh>l)nhn« 
globnloses,  from  casein  easeoses.  Hallihtirton  tails  all  these  intenm^liaU" 
Wliea  **proteose8.*'] 
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Properties  of  Hemi-albmnose.  Although  a  composite  body,  hcmi-alb\imo$e 
gives  the  following  reactions : — It  is  highly  soluble  in  water ;  when  heated  to  50* 
to  60**  it  becomes  somewhat  turbid,  but  when  boiled  it  becomes  clear,  and  gets 
turbid  again  on  cooling.  This  effect  is  most  marked  when  it  is  treated  with 
acetic  acid  and  sodic  chloride,  or  the  latter  alone.  It  is  precipitated  by  acetic 
acid  and  potassic  ferrocyanide,  but  the  precipitate  disappears  on  heating  and 
reappears  on  cooling.  It  gives  the  biuret  rosy  tint  reaction  like  peptones.  It  is 
precipitated  by  nitric  acitt,  and  the  precii)itate  adheres  to  the  glass,  but  is  soluble 
in  the  acid  with  the  aid  of  heafj  yielding  a  yellow  fluid,  but  is  precipitated  on 
cooling.  It  is  precipitated  by  boiling  with  acetic  acid  and  a  strong  solution  of 
sotlic  sulphate,  metaphosphoric  acid,  and  i)yrogallic  acid  (KUhne),  It  is  said  to 
be  present  in  all  animal  tissues  except  muscle  and  nerve  (§  293). 

[Albumoees  are  the  first  products  of  the  splitting  up  of  proteids  by  enzymes, 
and  from  them  peptones  are  ultimately  formed.  They  may  be  made  from  Witte's 
peptone,  or  by  tlie  peptic  digestion  of  fibrin.  Such  a  mixture,  on  being  neutralised 
with  sodic  carbonate,  gives  a  copious  precipitate  of  para-i)eptones,  w^hich  can  l)e 
filtered  off,  leaving  a  clear  solution  of  albumoses.  Para-peptones  are  said  to  be 
closely  related  tp  acid-albimiin  or  syntonin.  On  saturating  the  clear  fluid  with 
NaCl,  a  dense  white  precipitate,  consisting  of  three  albumoses,  called  proto- 
dys-,  and  hetero-albumose  is  obtained;  a  fourth,  deutero-albumose,  remains  in 
solution,  but  can  be  precipitated  by  adding  acetic  acid.  If  the  albumose  precipitate 
be  treated  with  10  per  cent.  XaCl  solution,  proto-  and  hetero-all)umose  are 
dissolved,  leaving  dys-albumoso  undissolved.  Dialysis  of  the  saline  solution 
precipitates  hetero-albumose,  leaving  proto-albumose  in  solution.  It  is  probable 
however,  that  hetero-  and  dys-albumose  are  identical,  or  that  the  former  is  merely 
an  insoluble  form  of  the  latter.  The  albumoses  are  bodies  intermediate  between 
albumins  and  peptones,  and  of  the  three,  deutero-albumose  is  nearest  to  peptones. 
An  important  character  is  that  they  do  not  dialyse  or  diffuse  readily.  The 
albumoses  also  are  produced  by  the  activity  of  many  micro-organisms  and  doubt- 
less play  an  important  part  in  many  pathological  processes  (.§  249).] 

PropertieB  of  the  AlbumoBeB.— Proto-albumose  Ls  soluble  in  distilled  water,  is  not  changed 
by  heat,  but  is  precipitated  by  saturation  of  the  solution  with  sodic  chloride,  by  HNO3,  acetic 
acid  and  potassic  ferrocyanide,  copper  sulphate,  mercuric  chloride.  Deutero-albumoee  is  very 
like  the  foregoing,  but  it  is  not  precipitated  by  HNO3,  or  on  adding  sodic  cliloiide  to  saturation, 
but  precipitation  occurs  when  20  to  30  ]>er  cent  of  acetic  acid  is  added.  Hetero-albumoee 
resembles  a  globulin  in  its  properties  ;  it  is  insoluble  in  distilled  water,  but  is  soluble  in  saline 
solutions  (10  to  15  per  cent.),  and  is  partly  precipitated  from  its  solution  by  saturation  with 
NaCl  or  by  dialysis.  It  is  coagulated  by  heat.  All  give  the  rosy-pink  colour  with  the  biuret- 
reaction,  and  they  are  all  precifutated  by  saturation  with  neutral  ammonia  sulphate,  which 
peptones  arc  not  {Kuhne  aiid  Chittenden).']    See  also  §  249. 

[GlobtiloBes  from  the  globulin  of  ox-serum  are  obtained  in  the  same  way,  although  the  ferment 
has  much  less  action  on  globulin  than  on  albumin.  Speaking  generally,  they  resemble  the 
albumoses.] 

By  the  continued  action  of  the  gastric  juice,  the  pro-peptone  passes  into  a  tme 
soluble  peptone.  The  unchanged  albumin  behaves  like  an  anhydride  with  respect 
to  the  peptone.  The  formation  of  peptone  is  due  to  the  taking  up  of  a  molecule 
of  water,  under  the  influence  of  the  hydrolytic  ferment  pepsin,  and  the  action 
takes  place  most  readily  at  the  temperature  of  the  body.  Gelatin  is  changed  into 
a  gelatin-peptone, 

[Method  of  separating  the  products  of  gastric  digestion.  If  fibrin  or  white  of 
egg  be  digesttid  for  some  time  with  gastric  juice,  these  proteids  will  ultimately  be 
dissolved.  Neutralise  the  digest  with  sodic  carbonate  and  a  greater  or  less 
precipitate  of  parapeptones  will  be  obtained.  Filter.  The  filtrate  contains  other 
digested  proteids.  Saturate  it  with  crystals  of  neutral  ammonium  sulphate,  which 
will  precipitate  the  albumoses ;  filter  these  off,  and  the  solution  still  contains 
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peptone,   which   can   be   precipitated   by   much   alcohol.     Aininonium   sulphate 
precipitates  all  soluble  proteids  except  peptones.] 

According  to  Kiihne,  the  proteid  molecule  contains  two  preformed  substances  in  its  composi- 
tion :  anti-albumin  and  hemi-albuniin.  Gastric  juice  at  first  converts  them  into  anti-albiiiiiaae 
and  hemi-albumose,  and  ultimately  the  former  is  converted  into  anti-peptone  and  the  latter 
into  hemi-peptone  (§  170,  II.).  Only  the  latter  is  capable  of  being  split  up  by  trypsin  into 
leuciu  and  tyrosin  by  the  action  of  the  pancreatic  juice  (§  249). 

[The  following  scheme  represents  the  results  :— 

Action  of  Enzymes  (ferments). 
Albumin. 

I 

r  ^1 

Anti-albumose.  Hemi-albumosc. 

I  I 


•*3  I  Anti-peptone,     Anti-peptone.  Hemi-peptone.  Hemi-peptone. 

^  ^  I  i  I  ! 

Leucin,  Tyrosin,  &c.        Leucin,  Tjrrosin,  kc,] 

The  greater  the  amount  of  pepsin  (within  certain  limits),  the  more  rapidly  does 
the  solution  take  place.  The  pepsin  suffers  scarcely  any  change,  and  if  care  be 
taken  to  renew  the  hydrochloric  acid,  so  as  to  keep  it  at  a  unifonn  amount,  the 
j:)epsin  can  dissolve  new  quantities  of  albumin.  Still,  it  seems  that  some  pepsin  is 
used  up  in  the  process  of  digestion  (GriUzner).  Proteids  are  introduced  into  the 
stomach  either  in  a  solid  (coagulated)  or  fliud  condition.  Casein  alone  of  the 
fluid  forms  is  i)recipitated  or  coagulated,  and  afterwards  dissolved.  The  non- 
coagidated  i>roteids  are  transformed  into  syntonin,  without  being  previously 
coagulated,  and  are  then  changed  into  pro-peptone  and  directly  peptonised,  t.6., 
actually  fJissolcerl. 

When  albumin  is  digested  by  pepsin  at  the  temperature  of  the  body,  a  not  inconsiderable 
amount  of  heat  disappears,  as  can  be  proved  by  calorimetric  experiment  (Afaly),  Hence,  the 
temperature  of  the  chyme  in  the  stomacti  falls  0'''2  to  0'''6  C.  in  two  to  three  hours  (v.  Fintachffau 
and  Dictl), 

Coagulated  albumin  may  l)e  regarded  as  the  anhydride  of  the  fluid  form,  and  the 
latter  again  as  the  anhydride  of  peptone.  The  peptones,  therefore,  represent  the 
highest  degree  of  hydration  of  the  proteids. 

Hence,  peptones  may  be  formed  from  proteids  by  those  reagents  which  usually  cause  hydra- 
tion, viz.,  treatment  with  strong  acids  (from  fibrin,  with  0*2  HCl),  caustic  alkalies,  putrefactive 
and  various  other  ferments,  and  ozone. 

The  anhydride  proteid  has  been  prepared  from  the  hydrated  form.  Henniger 
and  Hofmeister,  by  l>oiling  pure  peptone  with  dehydrating  substances  (anhydrous 
acetic  acid  at  80°  C),  have  succeeded  in  decomposing  it  into  a  body  resembling 
syntonin. 

Peptones. — (1)  They  are  completely  soluble  in  water.  (2)  They  diffuse  very 
easily  through  animal  membranes.  (3)  They  filter  quite  easily  through  the  pores  of 
animal  membranes.  (4)  They  are  not  precipitated  by  boiling,  nitric  acid,  acetic 
acid  and  potiussium  ferrocyanide,  acetic  acid  and  saturation  with  common  salt. 
(5)  They  are  precipitated  from  neutral  or  feebly  acid  solutions  by  mercuric  chloride, 
tannic  aci<l,  bile  acids,  and  phospho-molybdic  acid.  (6)  With  Millon's  reagent 
they  react  like  proteids,  and  give  a  red  colour,  and  with  nitric  acid  give  the  yellow 
xantho-protein  reaction.  (7)  With  caustic  potash  or  soda  and  a  small  quantity  of 
cupric  sulphate,  [or  Fehling's  solution],  they  give  a  beautiful  rosy-red  colour,  the 
biuret-reaction.     (8)  They  rotate  the  plane  of  polarised  light  to  the  left 

[Kiihne  and  Chittenden,  making  use  of  the  fact  that  ammonium  sulphate  to 
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Hjitiiratioii  i>i-eci[iitaU\s  all  iiroU-ids  from  solution  except  i3ept<aie,  havo  reiiivestigattnl 
th«.'  silly ect,  ami  they  ftntl  tliat  iiiiiiiy  of  the  iiept^imes  «>f  uoiniueiTe  <'(n]tiim  iill>imicw^e8. 
Pure  [lejitxjiie  huB  rejiiurkahle  prnperties^  \\*Jiwi  dissolved  in  water,  it  liisses  and 
f ruths  Hke  phosphoric  aiiliydride,  h^-at  in  *n'uhed,  oiid  u  l>rown  Siihition  is^  forniecL 
U  is  dilhcult  k>  [ireitorve  it.  It  is  not  pr«( ipitiited  hy  NaCi,  or  XuCl  ami  aietiu 
acitl,  bnt  is  eompktely  preeipiUited  by  |ihos]tho-tunj;8tic  and  phosphti-nioiylHlic 
ncids,  tiinnin,  imhMn  ere  uric  iiHlidej  picric  ncid,  Peptotiefn  liave  a  cheesy  tasite,  whik' 
idbumin  and  albnnn:Jse8  are  tasteless.  ] 

The  biaret-reaction  ts  obtained  with  hemi-albumose,  as  well  asi  \iitb  a  form  of  albumin,  which 
is  formed  tliiriiiK  avtifidal  digesticm  and  b  eolublt?  in  ulcobol.  It  is  callefl  *"alkophyr*'  by 
liriic'ke.  [Dnrby '«  HuiLbnieat  gives  all  tbe  above  reactions,  and  is  very  uaeful  for  studying  the 
tests  for  |i('ptoneb*] 

The  rapidity  of  solution  of  tibriii  in  tested  by  ii1aiiuj(  fd>rin,  which  k  swolh'ii  up  by  the 
Miction  of  0*2  per  cent  HCl  in  a  gla&H  funnel,  nnd  adding  the  digestive  fluid,  oli^erving  tlit! 
rajiidity  with  which  the  Unid,  the  alteii^d  fibrin,  drops  from  tbe  funnel,  and  th^  fibrin  disiippears 
{fJrihthafftH).  Or  the  fibrin  may  be  culoured  with  carmine,  swollen  n[i  in  O'l  per  ct:nt,  HCl, 
^ind  pbipcd  in  the  digostivo  fluid.  The  nioi-c  rapidly  the  fluid  is  colouiTd  red^  the  more  energetic 
is  the  digestion. 

Preparatiou. — Pure  peptones  are  prcfinred  by  taking  fluid  which  coiitaiuH  them  and 
neutriiljsing  it  with  bnrium  enrbonate,  evaporating  npon  a  water-l>4th,  and  filtering.  The 
l>arium  is  removed  from  the  filtrflt*;  by  the  careful  addition  of  snlphurio  acid,  and  subsctjuent 
tiltratwn. 

Ptom&inefl. — Briegtr  extracted  from  gastric  pejitones  by  auiyhf  alcuhol  a  peptone-free  poison, 
with  actions  hke  thosje  of  curare.  It  belongs  to  thu  group  of  i>tomfiiif4',%  ia^^  alkaloida  obtained 
troiu  dead  bodies  or  decomposing  profeids.  [Ptoiuaiui's  are  identical  with  the  alkaloids  in 
]>lfliitj<,  Btid  uiany  have  be*n  isolated.  The  tcnn  leucomaine  baa  been  tipplied  by  Gantier  to 
alknknds  formed  by  the  deconi|  position  of  albunjinouH  bofhes  during  J  the  normal  metabolic 
priwe.sMes  taking  jdai^o  in  the  tissues.  Tbcy  arc  not  formed  hy  tbe  activity  of  micro -organisms, 
tScime  aeeni  to  lie  formed  iu  muscle^  and  are  clost^ly  allied  to  crcalin  and  xanthin  (§  250,  IV.)d 

IVptxPueK  are  initlonhtedly  those  imxhfie^ition.H  of  albniniii  or  priiteids  which, 
lifter  tlieir  al}S(H'|>tion  from  tire  intestinal  c.uinl  into  the  blotxl,  are  destined  to 
niak*^  good  the  prot-eids  used  up  in  the  hiniian  organism.  [It  is  important  to  note, 
however,  that  peptones  are  ind  fouml  in  the  libuxh  They  seem  U}  t»e  reeonverted 
into  .siiuie  other  pruteifl  as  they  i>ass  thrMUj^h  the  nniions  niendmme  nf  tlm 
intestine  t'^wanls  the  bloiHl  (§  192}.]  By  giving  pejd^jnes  (instead  «>f  albumin)  as 
f<M.»l  lifi^  (mil  m:d  only  be  niiu'ntained,  but  ther^-  mny  even  be  un  inereuse  of  the  Inxly- 
iveight  (liosz  mid  Mabj^  Adimtldewtcz).  ^  ery  ijrobably,  before  l>eing  aetnally 
aljsorljed  into  tbe  bbKxl-streanj,  jM-ptcmes  are  rctransfonned  into  serum-albuiuin 
or  soinr  (dosely  allied  body  {§  11)2). 

Conditions  affecting  Gaatric  Digestion. — Tin?  presence  of  peptones  abvfldy  formed  interferes 
with  tbe  action  of  tbe  gastric  juiee,  in  so  far  as  the  gi eater  concentration  of  tlie  Huid  interferes 
with  ami  linutn  the  mobility  of  tbe  fluid-particles,  boiling,  concentrated  acids,  alum,  and 
tannic  acid,  alkalinity  of  the  giystnc  juice  {€,</.  hy  the  admixture  of  ntnch  saliva),  ab^dish  the 
net  ion  ;  also  stdpburoits  imd  arsenious  acids  and  potansic  iodide.  The  salts  of  tbe  heavy  inetal», 
which  can^e  precipitates  with  pepsin.  y*eptone,  and  nnrcin^  interfere  with  gay  trie  digestion,  «ml 
so  ilo  con  cent  rated  sol  utio  lis  of  alkaline  saltn,  common  salt,  magnesium  and  sodium  sulphates. 
A  small  ipianlity  of  KaCl  inrreases  tbe  secretion  {(Tnlfzjirr)  and  favours  the  action  of  pepsin. 
Alkalies  rspidly  destroy  p-psin,  but  h.ss  rapidly  pro-pep«in  {Lfonihtj).  Alcohol  jut'cipiiate.s  the 
IK'psin,  hut  by  tbe  Mubseiiucnt  addition  of  waiter  it  is  redissolvi**!,  so  that  digestion  giH's  on  ns 
liefiH'u.  Any  tueans  that  prev^ent  the  proteift  bodies  from  swelling  up,  as  by  binding  them 
firmiy,  impetle  digestion.  Slightly  over  Indf  a  pint  of  cold  water  does  not  aetni  to  disturb 
healthy  dige.stion,  but  it  does  so  in  cases  of  disease  of  the  stomfteh.  Copious  draughts  of  water, 
and  violent  nmscidar  cxtrcise,  disturh  digestion  ;  while  warm  cbithing.  ps[>c<'i>dly  ovei  the  pit 
of  the  stomach,  aids  it.  Menstruation  retarris  gastric  dige.stion.  [Oddi  Hnds  that  the  pres- 
ence of  large  (Quantities  of  ox  bile,  or  even  of  its  own  bile  in  the  stomach  of  a  ilog,  doi^  not 
atfee:t  the  activity  of  the  giu* trie  juice,  does  not  precipitate  iH?ptones,  and  does  not  excite  voiuit- 
ing(p.  348).] 

[Artificial  Digestion.— The  action  of  gastric  juice  on  prot4dds  may  be  observed 
t>ntsid<*  tlie  Ixxly,  and  "we  can  prove,  as  is  shown  in  lb*;  following  table,  after 
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Riitherfonli  that  iJLjKsbi  autl  au  acid — e.fj.^  liydvovAdmiv,  along  ^vitli  water— are 
essential  to  thn  forwatioti  of  ga.«itric  peptones  i— 


Bmkvr  B. 


Watir. 
Fibrin. 


t 


Water. 

Pepsin,  0"3  i>Br  cent. 

HCl.      0-2        ,. 

Fibriu* 


Keep  all  itj  watpt-bftth  nt  S8'  C. 


Fibrin  swells  iiji,  l^teconu's  clear,  unci  h 
cliiiagetl  into  )*(jkl-.ilbiindii  or  syritoain. 


Fibrin  iiltin*tttdy  changed 
into  po[>tone»  j 


[In  all  animals,  gastric  digeetion  is  esaentitilly  ati  acid  digCBtion,  ami  between 
tho  imtivu  ]m>teid^ — Hl>rin,  albnunn^  or  any  other  form  of  proteiil — ami  tb:*  <*iid- 
product  [>H|iti:aic  tlurc  ar<^  Jiunierous  inteniiediati*  sulistances — proteoaus  —  the 
prujurtii^s  and  t'linra<;ters  uf  nisiny  nf  wliieli  have  stilJ  tfi  be  itiveHii^ated.] 

[Natural  va-fttts  Artificial  Digestion. — It  it*  to  ha  Tenieijibpit?d  thut  there  ih  a  very  grcut 
dilffreure  betw*'cn  natuml  and  iiititioial  digestion.  In  the  former,  tlip  giirftnrjnif^e  it?  scc'ret<*d 
all  the  time  the  food  in  pn^seiit  in  the  ^toinftdi,  m  tlmt  there  h  a  fftvinirnble  moji^MtioM  of  aeid 
and  feniieut.  Moreover,  the  inoveniL»ntH  of  the  stonmeh  thoroughly  ndx  thtj  fooil  with  tho 
dixestive  juice*  The  peptonen  are  ttlworbed  ns  they  are  formed  or  pass  into  the  dutidemini,  *<i 
that  they  do  not  actnimnlate  in  tht^  mi  stare  and  retard  the  phM^esK  of  digestion,  a«  in  tlie  ca>«e 
iti  artitieiiil  digestiou.  It  is  ol>vittit«  tliitt  iw  onlitiarily  eondutted  arti^ieial  digestion  drtfere 
froia  iiornial  digestion,  r.ff,^  in  the  stomaeh,  in  the  want  of  the  folltnving  factors— the  iibs<?nc^ 
of(l)  con?itant  rnovpin^'nts  of  the  contents;  (2)  constant  lemoviil  of  the  digestive  product*  ; 
and  (It)  eontiniions  luldition  of  frcHh  sapply  of  digestive  jnioe.] 

[Kronecker  and  his  jinpils,  Brink  and  PojkiIF,  state  that  the  grtntrie  aud  intestinal  niueoua 
ijieaihraoe  can  changfe  gastric  iK-ptones  into  si'intm-albundn.  The  frog's  heart  can  do  the  sonte^ 
bat  ninah  more  slowly  The  te^t  applied  for  the  conversion  of  peptone  into  s^'runbalbatnin  was 
perfanion  through  the  exeised  anipbihiaii  lieart,  which  Kronecker  regurtJs  slb  a  very  Hen»ttive 
test  for  heram-ttlbiiinin.  A  solntion  of  peptone — which  uvU  injurioasly  on  the  heart — when 
introdueed  intu  tlie  stomachy  or  better,  the  intestine,  of  a  dog,  and  then  perfused  throngh  Uie 
heart,  nrstores  the  latter  after  it  has  been  ♦?xhauste*l  by  jx'i  fusion  of  norms  f  Haltnel 

[Exclujion  of  the  Stonaach. — Ogata  finds  that  if  the  stomach  Iw  divide<i  at  thi*  pyloric  ertd 
8o  as  to  exelnde  the  stuiiiaeli  fnini  the  dige.stive  ap|iaratns,  a  dog  can  W"  nonrif«lie<l  for  a  long 
time  by  intrrsineing  fowl  through  the  pyloms  into  the  liuiHienunu  A  dog  him  Hired  scvend 
y ears  after  excision  of  it«  Htomnch  (tVrnv).  Raw  ih/sh  w  intnslueed  b  dlgesti^d  more  rapidly 
in  the  small  intestine  than  in  the  stoniaeh.  The  stoinaeh  not  only  digests,  but  it  acta  on  the 
eonnettivf  tisMin^  of  Hesh  so  aa  to  prejwre  the  latter  for  intestinal  <ligestiond 

II.  Action  on  other  ConBtitnents  of  Food.  Milk  c^.agnlat^^H  or  curdh\s  when  it 
eiders  tbc  r^ttinKuh,  owiii^  ti>  tbi^  prei i|iitiitinn  nf  the  ensein,  and  in  doing  so  it 
entjingh-s  ignite  of  the  niilk-gh>lnih\s.  [Tln^  riiril  is  afterwunls  dissolvwl  and 
digi\sted  l>y  the  ga.strie  jnice,]  During  tlu*  ]jru(  ess  of  coagnlation,  lieat  m  givt^ri 
off.  The  free  liydroelilorie  arid  of  tin*  giwtrie  juiew  i.s  itscdf  sntliL"i*?nt  to  pre- 
cipitate  it;  the  acitl  removeH  from  the  alkali-albioniiiat^^  or  casein  the  alkali  whirJi 
keoi«?  it  in  solntion.  Hanitnai^t^'n  sejjarated  a  npoeial  ferment  from  the  gjistric 
jnjc^e— quite  dintim-t  from  pi^ttsin — the  milk-curdling  ferment,  wliieb,  qnite  imU*- 
pemlently  of  the  acid^  jnecdtataU  s  the  nisein  either  in  neutral  or  alkaline  solutionis. 
It  h  this  ftninent,  or  rennet,  or  rennin,  whieb  is  used  tr>  eoa»^nlat*^  easein  in  the 
making  f)f  <dieese.  [Rennin  can  cindbj  milk  in  a  neutral  Holution,  ami  neutralised 
ga.stric  juice  can  do  m  also.  Tbt-  action  of  reiiuin  is  mostaetivf  aliout  40^  C\,  and 
its  intrdliug  action  is  destroyed  by  boiling.]  Rennet  is  formtnl  from  a  mother- 
enhstance  in  the  idiief  etdls  nf  the  gastrit^  glandn  (p,  292),  [Rentiet  is  an  infnsiun 
of  the  ff»urtli  st<imarh  of  the  calf  in  brine  (^  231).  The  ferment  which  coagulates 
milk  in  ciuit^:*  distijict  from  pepsin.  If  nmgiiesic  carl>oiiate  be  advb'd  t-o  an  infn.*^iori 
of  cftlfs  8t4jmach,  a  preci]iitate  is  obtiiined.  The  clear  fluid  lias  strongly  eoaguhitlo-j 
properties,  while  the  preeipttjite  {»  strongly  |)eptie.] 
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The  action  of  the  milk-cnrdling  ferment  is  perhaps,  like  the  action  of  all  ferments,  a  hydration 
of  casein  ;  it  is  greater  in  the  presence  of  0*2  nCl. 

One  part  of  the  rennet-ferment  can  precipitate  800,000  parts  of  casein.  When  casein 
coagulates,  two  new  proteids  seem  to  be  formed — the  coagulated  proteid  which  constitutes 
cheese,  and  a  body  resembling  i>eptone  dissolved  in  the  whey — whey-proteid.  The  addition  of 
calcium  chloride  accelerates,  while  water  retards  the  coagulation  (§  231)  {Hamniarsten).  [A 
ferment  similar  to  rennet  is  contained  in  the  seeds  of  IVUhania  eoagulans  (S,  Lea).] 

Casein  is  first  precipitated  in  the  stomach,  then  a  body  like  syntonin  is  formed,  and  finally 
peptone.  During  the  process,  a  substance  containing  phosphorus  and  resembling  nuclein 
api)ear8  (Z/iibavin). 

[Action  of  Acids  verms  Eennin  on  Milk. — If  a  dilute  acid  be  added  to  milk  the 
casein  is  precipitated  as  such  and  not  as  a  curd.  It  may  even  l)e  re-dissolved  and 
curdled  with  rennin.  Casein  may  also  be  precipitated  unchanged  by  neutral 
splits  (NaCl,  MgSO.).  The  precipitate  when  washed  can  be  redissolved  in  water 
in  the  presence  of  calcic  i)hosphate,  and  this  solution  is  coagulated  by  rennin. 
When  casein  is  curdled  by  rennin,  however,  tlie  casein  is  split  up  into  two 
proteids — an  insoluble  one  forming  the  cnrd,  and  a  soluble  one  allied  to  albumm. 
The  curdling  of  milk  therefore  seems  to  be  due  to  the  8i)litting  up  of  a  complex 
l)roteid  by  a  ferment ;  one  of  the  proteids  is  soluble,  and  closely  allied  to  albumin — 
whey-proteid — the  other  is  insoluble,  and  forms  the  curd  :  but  this  reaction  will  not 
ti\ke  place — at  least  an  insolulde  curd  will  not  be  formed — if  calcic  phosphate  be 
entirely  absent.  We  are  reminded  of  the  analogous  case  of  the  coagulation  of  blood 
produced  by  the  splitting  up  of  fibrinogen  in  the  presence  of  neutral  salts.] 

[Much  confusion  has  existed  regarding  the  terminolo^  of  the  proteids  in  milk  (§  231).  The 
chief  proteid  in  milk,  by  some  called  casein,  exists  in  milk  partly  dissolved  and  partly  in  sus- 
pension. The  curd  precipitated  by  rennin  is  (^uite  insolunle  in  the  whey.  Some  appiv  the 
term  casein  to  the  proteid  which  is  present  in  milk,  and  curd  to  the  insoluble  casein  produced 
by  the  ferment  action  of  rennet.  Halliburton  proposes  to  call  the  proteid  in  milk  caseinogen, 
and  that  which  composes  the  curd  casein.     Foster  calls  the  latter  tyrein.] 

Tliere  is  a  **  lactic  acid  ferment  **  also  present  in  gastric  juice,  which  changes 
milk-sugar  into  lactic  acid  {Hammarsten),  Part  of  the  milk-sugar  is  changed  in 
the  stomach  and  intestine  into  grape-sugar. 

Action  on  Carbohydrates. — ( lastric  juice  does  not  act  as  a  solvent  of  starch, 
inulin,  or  gums.  Cane-sugar  is  slowly  changed  into  grape-sugar.  According  to 
Uffelmann,  the  gastric  mucus,  and  according  to  Leube,  the  gastric  acid,  are  the  chief 
agents  in  this  process. 

Action  on  Albnmenoids  and  Fats — During  the  digestion  of  true  cartilage,  there 
is  fonued  a  chondrin-peptone,  and  a  body  which  gives  the  sugar-reaction  with 
Trommer's  test  Perfectly  pure  elastin  yields  an  elastin-peptone,  similar  to  albumin- 
peptone,  and  hemi-elastin  similar  to  hemi-albumose.  A  very  minute  quantity  of 
fet  is  broken  up  into  glycerin  and  fatty  acids.  [On  neutral  olive-oil  l^eing  injectetl 
into  the  stomach  of  a  dog,  after  several  hours — the  i)ylorus  being  j)lugge<l  with 
an  elastic  bag — it  partly  splits  up  and  yields  oleic  acid  {Cash  and  (J(jata).\ 

[We  still  require  further  observations  on  the  gastric  digestion  of  fats.  Richet  obser\'ed  in 
his  case  of  fistula,  that  fatty  matters  remained  a  long  time  in  the  stomach,  and  Ludwig  found 
the  same  result  in  the  dog.  In  some  dyspeptics,  rancid  eructations  often  take  place  towards 
the  end  of  gastric  digestion.] 

m.  Action  on  the  vaiious  TissneB.— (1)  The  gelatin-yielding  snbetance  (collagen)  of  all  the 
connective-tissues  (connective-tissue,  white  fibro-cartilage,  and  the  matrix  of  bone),  as  well  as 
^lutin,  is  dissolved  and  peptonised  by  the  gastric  juice.  [Gelatin,  when  acted  on  by  gastric 
juice,  no  longer  solidities  in  the  cold,  but  a  gelatin  peptone  is  formed,  which  is  soluble  and 
diffusible,  although  it  diffei-s  from  true  peptone.  In  the  dog,  connective- tissues  are  specially 
acted  on  in  the  stomach,  while  the  other  parts  of  organs  used  as  food  are  prcj^ared  for 
digestion  in  the  small  intestine,  where  the  cellular  and  nuclear  elements  are  digested  by  the 
pancreatic  juice  {Bik/alvi).]  (2)  The  stractnreleBB  membianes  (membi-anai  propriie)  of  glands, 
sarcolemma,  Schwann's  sheath  of  nerve-fibres,  capsule  of  the  lens,  the  elastic  lamina;  of  the 
cornea,  the  membranes  of  fat-cells  are  dissolved,  but  the  tnie  elastic  (fenestrated)  membranes 
and  fibres  are  not  affected.  (3)  Striped  muscle,  after  solution  of  the  sarcolcnuna,  breaks  up 
tranversely  into  discs,   and,  like  non-striped  muscle,  is  dissolved,   and  forms  a  true  soluble 
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peptone,  Imt  i>arta  of  the  ijiiisclt*  iihviiys  f>aKs  mto  the  intestine.  (1)  Tin?  albuniinout} 
<i>iistituetita  of  thn  soft  ceJluUr  ekiiieuU*  of  glniidK^  strtttttiiHl  DpitheHum,  ciidolheliuiii,  and 
lyiiiph-cells,  form  i>eptonea,  but  the  muleiu  t^f  the  nuclei  docs  not  seem  to  bi^  dissolved.  (5) 
The  horny  parts  of  tLie  e[)ideniiis,  im\h,  hiiir,  aa  well  as  ehttin,  nWk,  conehiolin^  nnd  spongiu 
of  the  luw*?r  aT)iina.U^  are  tutligt^stible,  aud  so  ar«  amyloid  subatHUCt!  and  wax.  (6)  The  red 
blood'COrpuscIefl  are  dissolved,  the  luemnglobin  ileeonn»03*ed  into  huMoatia  and  a  ^lobulin-Uke 
MibHtaiiCH  ;  the  latter  is  peptonized,  while  the  fnnuti  reiiiaiiis  unchanged,  and  is  partly 
absoibeil  and  traDsformeil  into  hile-pigrncnt.  Fibiin  is  easily  dissolved  to  furni  henii-  and 
aiiti-|rt?ptone,  (7)  Mucin*  which  is  als+o  Merreted  by  the  goblet-cells  of  the  stomach,  passes 
through  the  intestines  unchanged.  C8)  Vegetable  fata  nre  not  atfected  by  the  gastric  juiee. 
Vt'getjihle  cells  yield  tbitir  protoplnsmiccootents  to  form  jwptones,  while  the  celluloee  of  the  cell- 
wallj  in  the  case  of  man  at  leajst,  remaiiis  undigested  (§  184).  [(d)  On  gluten-casein,  tht*  chief 
pnitcid  obtainable  from  wheaten  Hour  or  bread  ^  artificial  gUKtric  juice  yiehhs  nuluble  products 
or  proteosea,  or  gluten -ea>ieytte9^uddch  War  the  mum  relation  to  tlie  mother  «uKst4i nee  aa  the 
albumoseii  of  fibrin  or  albumhi  do  to  the  motber-proteid.  There  i&  no  e*:si'ntial  difference  in 
the  ^enei-al  cbnracter  of  ttie  proteids  in  tbia  case  between  the  animal  and  vegetable  protcid. 
{Vhittrmini  and  Smith),] 

Why  the  Stomach  doei  not  digeat  itself. — That  the  ,«5toniHeh  eau  digest  Ut^ng  things  ia 
shown  bv  tlie  iol lowing  faiLsi:  —  Btrnard  introduced  the  leg  of  a  living  frog  through  a  gnatnc 
fistula  into  the  stomach  ofa  dog,  Pavy  did  the  same  with  the  ear  of  a  rabbit,  nnd  in  both  ca«es  the 
objects  introduced  were  digested.  [Frenzel  lias  modified  this  experiment,  and  shown  that  the 
legs  of  tt  living  frog  are  digested  by  artificial  gastric  juice,  the  tJasues  l>eing  fii-st  kilbnl  and  then 
digested.  His  ex  penmen  ts  go  to  show  that  the  alkalinity  of  the  blood  is  not  the  prottrctive 
iriediuni.]  The  tujirgina  of  a  gastiic  ulcer  and  of  gnatric  fistuhe  in  mrtu  are  attacked  by  the 
gastric  juice.  John  Hunter  (1772)  discussed  the  ijucation  why  the  stomach  dwi*  not  digeat 
itJ^elt  Not  unfre<piently  after  death  the  |>osterior  wall  of  the  stomach  is  found  digestwl,  [more 
especially  if  the  person  die  after  a  full  nie**l  and  the  bmly  by  kept  in  a  warm  place,  whereby  the 
contents  of  the  stomach  may  escape  into  the  iieritoiieum,  CL  Bernard  showed  that  if  a  rabbit 
ht!  killed  arid  [daced  in  an  oven  at  the  temperature  of  the  body,  the  walls  of  the  stomach  aro 
attackeil  by  it^  own  gastric  juice.  Fishen  also  are  fie<tuetitly  fmind  with  their  stomach  par- 
tiully  digciiled  after  death].  It  would  seem  thorefnre,  that,  sto  longaa  the  circulation  continues, 
the  tissues  are  protected  fji>m  the  action  «f  the  acid  by  the  alhtiitw  hloo<l ;  this  action  eannot 
take  place  if  the  reaction  be  alkaline  {Pari/).  [Thl^  however^  doi^  not  explain  why  the  pan- 
creatic juice  does  not  digest  the  jMincreas.J  Ligature  of  th**  arteries  of  the  Htoiiiaeh  causes 
digestive  softening  of  the  gastric  mucous  membrane.  The  thick  layer  of  mucus  may  alao  aid  in 
protecting  the  Mtomaeh  from  the  action  of  its  own  gastric  juice  {OL  Bcrtuird).  [Viola  and 
irirH|Mirdi  find  that  if  the  spleen,  with  it-s  circulation  atill  intact,  Ih?  iutrixlueed  through  a  gastric 
fistnia  into  the  stomach  of  a  dog,  it  is  not  digested  even  after  40  houi-»,  but  if  the  ctrcuUtion  wa« 
stoppefl  it  was  retlnccd  to  a  pnlp  in  8  hours.  Here  tlicre  is  no  question  of  the  existence  of 
colnmnar  epithelium  and  a  coating  of  mucus.] 

[CompiLrative. — The  process  of  ga^itric  digestion  seems  to  l>e  essintially  the  same  in  all  claries 
of  vertelirates,  with  this  exception,  that  while  the  ga.**tric  juice  of  mammals  nnd  l>irda  is  imuttive 
at  0'  C.»  that  of  coldddomleil  animals  h^  aftbongh  the  optimum  of  the  latter  is  20^  C.  In  the 
human  fo-ius  pepsin  is  formed  shortly  before  birth,  autl  according  to  Hammarsten,  in  the  nobbit 
it  is  formed  in  the  last  week  of  intra-uterine  life,  and  in  the  dng  in  the  third  week  after  birth. 
The  foTination  of  acid  takes  place  much  sotmer  J 

167.  GASES  IN  THl  STOMACH.— Tht-  stoiinub  ahvuvn  c^intjiius  u  cf-rtiun 
<|ii;ititity  of  ;^nts,  df-rivid  partly  from  tin*  gjii=!o.s  '^wullowed  with  tlni  sttliva,  jwirtly 
from  ^iisi^s  wliirli  \n\sA  Iwickwurils  fnuii  tlir  diUHlenum, 

Tln^  air  in  thf  wtniinicli  is  »'(iiist4tfitly  lunlfrgoitig  change^*,  whereby  its  O  i« 
iih'^orljt'd  hy  tlM'  idoodj  m\A  for  1  v<d.  r»f  \}  absorhfd  2  vol>i.  of  CUj.  are  ictiirnetl  to 
the  stoinmh  from  the  bloo<l.  Hence,  th<?  amount  of  ()  in  tlie  **t<im*ich  i**  very 
»nm\\  the  CO^  very  considerahle  (Phiftm*), 

Gasei  In  the  Stomtcli.— Vol.  par  cent.  (Planer), 
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liv  tlio  naid  of  the  st^finncli  a  part  of  tlie  CO^  is  set  Inn'  from  the  Siiliviij  whirh 
eoiitidris  min:li  Ct  »^  (§  H6).     The  N  af!is  us  an  indifferent  siib&^Unee. 

Abnormal  development  of  gases  in  pei-MouM  sulfenng  from  /[rajitHL"  t-atarrh  mnn-s  when  tli*' 
gSLstrii*  LOtitcnts  ore  wiiftffi  in  iiiactiuii  ;  tluriug  the  Inityiir  acid  feruieiitJititJii  H  iiiiil  CO^  aiv 
formed  ;  the  utctii'  acid  tiiid  liictic  a«  id  fenni.*iitfttioiis  do  not  e^use  thp  fonnatioii  of  gaaes, 
Alarsh-gttN  (CH^)  hiu*  betm  futuirl,  hut  it  eoincn  from  tht'  intent iiif,  as  it  ciiii  «idy  bo  formed 
when  no  0  is  prciipnt  {§  184). 

168.  Structure  oftlie  Pancreas,— [Tlie  paliereas  i??  a  long,  narrow,  comjwimd 
tnbnlar  ^dand  of  a  ii^Mni  rnlom'  and  s<dt  texture,  whifli  he^  across  the  |H>stenot* 
Avall  tif  the  ahth>nien  Ix-liiiid  the  stonnich  and  n|ijH>8ite  the  first  lumbar  vertel>m  {H<;. 
219),  It  18  alxjut  18  ciu.  long,  4  cm.  l>road,  ami  1*5  ejii.  thick,  and  wcighf^  about  73 
grams.     The  broader  eml  or  head  lie.s  in,  and  is  embraced  by  tlie  eur\'ature  of  the 

PAncit'ALJc  (Itik't.  Common  bllfMlmt, 
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Fig.  219. 
PancreaH  and  rluodenuDi  reraov**'d  from  the  l>odj,  and  i*eeQ  hum  hehiniJ*     Tho  glaod  \^  eat 

to  a  how  the  dncU. 

dnodenum,  and  the  narrow  en<l  or  tail  is  in  contiiet  "vxith  the  spleen.  The  duct — 
duct  of  WirsUEg— is  alxiut  2-3  mm.  in  diameter,  runs  along  the  wlndc  Icngtli  of 
the  gliUid,  autl  in  its  course  it  ri»eeivei*  nearly  at  right  angles  contributory  small 
duet^  from  the  different  lobides  of  the  gland.  It  opens,  along  witli  the  common 
bibnlnetj  into  the  duodenum,  i>iercing  the  coat-^  of  the  latter 
fililifpiely  about  8  to  10  cm.  l>elow  the  pylorus.  In  miui 
tiiere  is  a  small  accessory  duct— the  duct  of  Santorim — 
oi>ening  indepen«k'ntly  inb>  the  duodenum.  The  gland  ha« 
a  thin  eonnt^ctive-tii^sue  capsule  wldeh  .sends  a  fim^  iiToces8 
and  .'^eptji  between  its  lobules,  and  these  sepUi  carry  into  it 
the  ldo<j<l- vessels  and  nerves.  The  duct  ronsist«  of  connec- 
tive tis^sue,  and  is  lined  hy  a  single  layer  of  non-striated 
coluomar  or  eylindrical  cells.  When  tniced  backwards  the 
ducts  o|»en  inU»  intermediate  or  intercalary  jKirts  lined  f>y 
flattened  epithelium,  while  the  intercalary  parts  ojicn  into 
the  acinh] 

The  iiancrea^s  is  a  compound  tubular  gland,  and  in  its 
genend  arrangement  into  lob€B,  lobules,  and  system  <if  ducts 
and  acini,  it  correspond.s  exactly  to  the  tnic  salivary  gLuids 
{§  142).  The  single  layer  of  cylimlrica!  epithelial  cells 
lining  the  rhiets  h  not  at  all,  or  only  faintly,  striab'd.  The 
acini  are  tubular,  or  fla?ik-shaf>td,  and  tdten  convoluted* 
They  eonsist  of  a  nuunbrana  projaia,  reseudding  tlnd  of  the 
salivary  glands^  lined  l>y  a  single  layer  of  somewliat  eylindricai  cells,  with  a  more 
or  less  eonical  apex,  directed  ti*wanls  the  very  narrow  lurm  n  of  the  acini,  [As 
in  the  saliva rj^  glands,  there  is  a  narrow  intermediary  part  «>f  tlie  dncts  npening 


Fig.  220. 

S^Ltioii  of  the  acini  of 
fix^sli  pancrt^aA,  si  low- 
ing tb«  small  houen 
of  tlio  acini  ami  tin* 
granular  inner  zone 
in  tho  cells  lioin^^ 
the  afiiii. 
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Fig.  221. 

Sectiou  of  a  pancreas  stained  with  pieio-t^armltip. 

D,  duct];   C,  CAjisnle  ;  A^  acinus  {SHrling}. 


ititcj  the  acini,  ami  lined  V»y  flattened  epitlicliuni.  The  ur.ini  are  hirger  iiiml  raoi© 
tuhtilar  than  thosi-  t>f  the  saliviiry  gland,  and  moreover,  the  acini  are  more  niuneroua, 
8o  that  in  a  se<}tioii  far  fewer  iliuLs  nre  seen.] 

[The  cells  lining  the  acini  consist  of  twO  zanes  (fig.  220)  :"(l)  The  snmllor 
outer  or  parietal  zane  in  each  cell  is  transjiarnnt,  hoinogen*H>ns,  «0Tnetimc*5 
fiuiitly  stiiat^^**!,  and  reuilily  fltained  with  carmine  and  logwood ;  and  (2)  the 
iniier  zone  (Bernaitrs  granular  layer)  in  gmnnlar,  and  stains  but  .sh'ghtly  with 
canaine  (figs.  221^  222).  [This  inner  tone  tontiins  a  large  luindjer  of  more  or 
k'Ks  refraetive  grannies  depending  on  tlie  sUte  of  physiological  activity  of  the 

gland   {fig.   222).]     It   nndoubt4?dl3r 
cP*    *  '~"   "~  ^  riiniributeM  to  the  .seeretion  l>y  giving 

off  material,  the  giimules  being  dis^ 
-olvi^l,  while  the  zone  itfudf  bet^omes 
-mailer.  Tlic  ^spherical  nucleus  lies 
between  the  two  zones,  [The  lumen 
of  the  acini  is  very  small,  ami 
s  p  i  1 1 . 1  ]  r  .s  h  a  I K  'i  I  1. 1  1  »ranc  hci  I  ec  lis 
(centro-^acinar  cells)  lie  in  it,  and 
send  their  j>roce8SH?s  between  the 
secretory  cells,  thus  acting  as  mp- 
pm'tiwj  cells  fr>r  the  elements  of  the 
wall  of  the  acini.  During  secretion 
there  is  a  continuous  cliange  in  the 
ap]>earance  ui  the  celbsubstance  ;  the 
grjinides  of  the  inner  zone  dissolve 
to  form  part  of  tlie  seen »t ion  ;  new 
granules  are  formed  iji  the  homogeneous  subst:incc  of  the  outer  zone,  and  pass 
towards  the  inner  zoire  (ileidenhain^  Kfthm^y  and  Lfia), 

[Changea  iathe  Cells  during  Digestion.— Wlicu  tlie  cells  are  cxannncd  in  the  fi-esh  coiidi- 
tion,  during  tlie  reatiiig  pbAse,  or  wtien  the  ctjlla  are  ^'loaded/'  they  contain  tbTougliout  tlieir 

substiince  a  Urge  number  of 
refractive  * '  graiiule«  "  or  spher- 
uleSj  which  may  obscure  th« 
n  Ui  leus .  I  n  t he  actiYe  phaae, 
or  in  a  '*  discharged  "  cell,  thii 
granuU*aare  far  less  nnmcrouA, 
they  have  diiwippeared  from  tb<a 
outer  zone  of  tue  cell,  and  are 
«*  "  confined  to  its  inutr  ^oue,  and 

Fig.  222.  the  relative  width  of  the  clear 

Change*  of  the  paucre^ic  cells  lu  vanoiis  stages  of  ,ictivity.    ^iioreor Jess  homoguijeoiw  outer 
t  1,  During  hunger  ■  2,  in  the  lirHt  «tag,'  of  dige^tiun  ;  3,  in  the    ^^^  tha t  of  the  inner  graii- 
a^xind  «^ge  ;  4,  during  iv.ralytic  secretion.  ^^^^^  zone   der^'nJf   iipon    the 

*    *     '  ^  ^        ^  ^ictivity  of  lh»?  ctdls,  and  the 

greater  the  activity  thy  fpwer  the  giaimles  iti  the  inner  zone.  There  is  a  close  resemblance 
Detwvon  the  condition  of  tbt?  piincreatie  cells  aud  tho^  of  ttie  seroUA  s«alivary  glauds.]  Accord- 
ing to  Heidenhain,  ihiring  ihv- Jirsi  stage  (6  to  10  houi^)  the  giamilai  inner  zone  dimtniahe« 
in  m£o,  the  graiiuleM  disapiit^ar*  while  tlie  atriated  outer  ?.ODe  increases  iti  v\to  (fig.  222,  2).  In 
the  second  stage  (10  to  20  hours)  the  inner  zone  is  gieatly  enlarged  and  grauuUr,  while  the  outer 
zone  is  small  (fig.  222,  3).  During  huugcr  the  outer  zone  again  enlargi-t*  (llg.  222,  1).  lu  a 
gluud  where  j>aralytic  seeretlou  XakoH  place,  the  ghiiid  is  inach  diminishod  iu  sixe,  the  celU 
are  shrivelled  (tig.  222,  i)  and  greatly  cjianged.  Accoixling  to  i>gata,  some  cells  actually  dis* 
appear  daring  secretion  {Langtrit), 

The  axially -placed  excretory  duct  consists  of  an  inner  thick  and  an  outer  looso 
wall  of  connet^tive  and  elastic  tiivsnes,  lined  liy  a  single  layer  of  eolunmar  epithelium* 
Hntall  mucous  glaiula  lie  in  the  largest  tnudi8.  Non  niedullatcd  nerves  with 
ffauf/lia  in  their  course,  pfjjss  to  the  acini,  Init  tlnnr  mode  <if  termination  is  unknowu. 
[The  nerves  crane  frian  the  semilunar  ganglion  along  the  splenic,  gaHtrtHluodunal 
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and  superior  mesenteric  arteries.]     The  blood-vessels  form  a  rich  capillary  plexus 

round  some  acini,  while  round  others  there  are  very  few.     It  receives  blood  from 

several   arteries   (splenic,  pancreatico-duodenal,  and  superior  mesenteric),  and  its 

blood  is  returned  to  the  portal  system  by  the  splenic  and  superior  mesenteric  veins.] 

Klihne  and  Lea  found  peculiar  small  cells  in  groups  between  the  alveoli,  ana 

supplied  with  convoluted  capillaries  like  glomeruli     Their  significance  is  entirely 

unknown.     [They  are  probably  lymphatic  in  their 

nature.]     The  lymphatics  resemble  those  of  the 

salivary  glands.     [They  begin  as  peri-vascular  and 

peri-acinar  spaces,  and  open  into  two  lymphatic 

glands   lying  on  the  superior  mesenteric  artery. 

When  a  coloured  injection  is  forced  into  the  ducts 

under  a  high  pressure,  fine  intercellular  passages 

between  the  secreting  cells  are  formed  (SauioMs 

canals)^  but  they  arc  artificial  products.] 

[Number  of  Ducts. — In  making  experiments  upon  the 
pancreatic  secretion,  it  is  important  to  remember  tliat  the 
number  of  pancreatic  ducts  varies  in  different  animals.  In 
man  there  is  one  duct  opening  along  with  the  common  bile- 
duct  at  Vater's  ampulla,  at  the  junction  of  the  middle  and 
lowest  third  of  the  duodenum.  The  rabbit  lias  two  ducts, 
the  larger  opening  separately  about  14  inches  (80  to  35 
cm.)  below  the  entrance  of  the  bile-duct  (fig.  223).  The 
dog  and  cat  have  each  two  ducts  opening  separately.] 

Ghemifltry.  — The  fresh  ^mncreas  contains  :  water,  pro- 
teids,  ferments,  fats,  and  salts.  In  a  gland  which  has 
been  exposed  for  some  time,  much  leucin,  isoleucin, 
butalin,  tyrosin,  often  xanthin  and  guanin,  are  found; 
lactic  and  fatty  acids  seem  to  be  formed  from  chemical 
decompositions  taking  ])lace. 

169.  THE  PANGBEATIG  JTJICE.— Method.— Regner  de  Graaf  (1664)  tied  a 
cannula  in  the  pancreatic  duct  of  a  dog,  and  collected  the  juice  in  a  small  bag. 
Other  experimenters  made  a  temporary  fistula.  To  make  a  permi^eiit  fistula, 
the  abdomen  is  opened  (dog),  the  pancreatic  duct  pulled  forward,  and  stitched  to 
the  abdominal  wall,  with  which  it  imites.  Heidonliain  cuts  out  the  part  of  the 
duodenum  where  the  duct  opens  into  it,  from  its  continuity  with  the  intestine,  and 
fixes  it  outside  the  abdominal  wound. 

The  secretion  obtained  from  a  permanent  fistula  is  a  copious,  slightly  active, 
watery  secretion,  containing  much  sodium  carbonate.  The  thick  fluid  obtained  from 
the  fistula  before  inflammation  sets  in,  or  that  from  a  temporary  fistula,  acts  far 
more  energetically.  This  thick  secretion,  which  is  small  in  amoimt,  is  the  nfrmud 
secretion.  The  copious  watery  secretion  is,  perhaps,  causetl  by  the  increased 
transudation  from  the  dilated  blood-vessels  (possibly  in  consequence  of  the  paralysis 
of  the  vaso-motor  nerves).  It  is,  therefore,  in  a  certain  sense,  a  "  paralytic  secre- 
tion" (§  145).  The  quantity  varies  much,  according  as  the  fluid  is  thick  or  thin. 
During  digestion,  a  large  dog  secretes  1  to  1*5  gram,  of  a  thick  secretion  (CL 
Botiard)  Bidder  and  Schmidt  obtained  in  twenty-four  hours  35  to  117  grams  of 
a  watery  secretion  per  kilo,  of  a  dog.  Wlien  the  gland  is  not  secreting,  and  is  at 
rest,  it  is  soft,  and  of  a  pale  yellowish-red  colour,  but  during  secretion  it  is  red 
and  turgid  vnth  blood,  owing  to  the  dilatation  of  the  blood-vessels.  [It  is  to  be 
remembered  that  most  of  the  experiments  have  been  made  in  the  pancreatic  juice 
of  the  dog.] 

Physical  and  Chemical  Characters  of  the  Secretion.— The  normal  secretion 
is  thick,  trans^mrent,  colourless,  odourless,  saltish  to  the  taste,  and  has  a  strong 
alkaline  reaction,  owing  to  the  presence  of  sodium  carbonate,  so  that  when  an  acid 
is  added,  COg  is  given  off.     It  contains  several  groujw  of  substances — (1)  serum- 
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Fig.  223. 

Pancreas  of  the  rabbit  P;  prf,  pan- 
creatic duct ;  d,d,  duodenum  ; 
Fy,  pylorus ;  S,  stomach  ;  GB, 
gall-bladder :  BD,  bile-duct. 
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aUnimin  and  alkali-albuminate  ;  it  is  sticky,  somewhat  viscid,  flows  with  difficulty, 
and  is  coagulated  by  heat  into  a  white  mass.  In  the  cold,  there  eeimrates  a  jelly- 
like albuminous  coagulum.  Nitric,  hydrochloric,  and  sidphuric  acids,  cause  a 
precipitate ;  while  the  precipitate  caused  by  alcohol  is  redissolved  by  water.  (2) 
Several  ferments  (p.  304) ;  (3)  Nitrogeiwm  bodies^  e.//.,  leucin,  guanin,  etc.,  in  small 
amount ;  (4)  Traces  of  soaps  ;  (5)  Salts^  less  than  1  per  cent.  CL  Bernard  found 
in  the  normal  pancreatic  juice  of  a  dog  8*2  per  cent,  of  organic  substances,  and  0*8 
per  cent,  of  ash.  The  juice  (dog)  analysed  by  Carl  Schmidt  contained  in  1000 
parts : — 

Collected  2  firsj,  opening  Permanent  Fistula, 

Water, 900  8  979-0 

Solids, 99-2  20*0 

\  Inorganic 8*8  7*6 

The  ash  from  1000  parts  of  juice  yielded — 

Soda, 0*58  3-32 

Sodic  chloride, 7*35  2*50 

Potassic  chloride 0*02  0*93 

Phosphates  of  alkaline  earths  and  iron,    0*53  0*08 

Sodic  phosphate,         0*01 

Lime  and  magnesia,    ....     0*32  0*01 

The  more  rapid  and  more  profuse  the  secretion,  tlie  ^Morer  it  is  in  organic  substances,  while 
the  inorganic  remain  almost  the  same  ;  nevertheless,  the  total  quantity  of  solids  is  greater  than 
when  tlie  quantity  .secreted  is  small  {Bernstein).  Traces  of  leucin  and  soaps  are  present  in  the 
fresh  juice.  [It  usually  contains  few  or  no  structural  elements.  Any  stractaral  elements 
present  in  the  fre^h  juice,  as  well  as  its  proteids,  are  digested  by  the  peptone-forming  ferment 
of  the  juice,  especially  if  the  latter  be  kept  for  some  time.  If  the  fi-esh  juice  is  allowed  to  stand 
for  some  time,  and  then  mixed  with  chlorine  water,  a  red  colour  is  obtained.] 

Concretions  are  rarely  formed  in  the  ^lancreatic  ducts  ;  they  usiutUy  consist  of  calcic  carbonate. 
Dextrose  has  been  found  in  the  juice  in  diabetes,  and  urea  in  jaundice.  SchifTs  statement  that 
the  iMincreas  secretes  only  after  the  absorption  of  dextrin  has  not  been  confirmed.  The  secretory 
activity  of  the  pancreas  is  not  dependent  on  the  presence  of  the  spleen. 

[Comparative. — The  pancreatic  juice  of  the  dog  contains  about  10  per  cent  of 
solids ;  of  these  9  is  organic,  1  mineral.  In  other  animals,  however,  the  percentage 
of  solids  is  much  less;  in  the  sheep  2*15,  and  rabbit  1*76.  Herter  found  over  20 
per  cent,  of  solids  in  the  fluitl  accunudated  in  a  human  dilated  pancreatic  duct. 
In  many  fishes  the  pancreatic  juice  is  acid,  and  does  not  contaui  any  diastatic 
feniient.  In  molluscs  and  arthropoda  there  is  a  ferment  analogous  to  trj'pin. 
The  s(Hretion  is  intermittent  in  camivora  and  continuous  in  herbivora.] 

170.  ACTIONS  OF  THE  PANCREATIC  JUICE.— The  presence  of  fbur 
enzymes,  or  hydrolytic  ferments,  makes  the  ^uincreatic  juice  one  of  the  most 
imjxjrtant  digestive  fluids  in  the  Inxly. 

I.  Its  diastatic  action  is  due  to  the  diastatic  ferment  amylopsin,  a  substance 
which  sooms  to  be  identiciil  with  the  saliva  ferment;  but  it  acts  much  more 
energetically  than  the  ptyalin  of  saliva  on  rate  starch  as  well  as  upon  lx>iled 
8tan.h;  at  the  temi)erature  of  the  iKxly  the  change  is  effected  almost  at  once, 
while  it  takes  place  more  slowly  at  a  low  temperature,  maltose  being  formed. 
Glycogen  is  changed  into  dextrin  and  grape  sugar ;  and  achroodextrin  into  sugar. 
Even  cellulose  is  said  to  be  dissolved,  and  gum  changed  into  sugar  by  it,  Imt  inulin 
remains  unchanged. 

[If  digestion  of  starch  by  pancreatic  juice  or  saliva  be  carried  on  under  conditions 
approximating  as  nearly  as  possible  ti  those  existing  in  the  intestine,  nearly  the 
whole  of  the  starch  may  be  convertt^tl  into  maltose,  there  being  but  little  dextrin 
left  at  the  end  of  a  prolonged  dig(»stion.    The  prcsenceof  the  maltose  seems  to  prevent 
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tlir;  further  conversion  of  the  small  remainder  of  doxtTin  into  f*\igar  (Sheridan 
Lea).  Sugar  semny  to  be  the  iini\l  form  in  whieh  the  proilucts  of  digestion 
f>f  carhi^hydrMtes  leave  the  intestine  and  i>a.ss  !nt+»  the  lihwl,] 

According  to  v.  ilering  and  Mu^tniluSj  tliL"  starch  (as  iu  the  case  or  the  saliva,  §  148)  in 
changed  into  ni^toflet  and  a  rcdiicing-dextriii  ;  so  also  is  glycogen.  Amylopmn  chang^a 
ftchroodextrin  into  maltoae ;  at  40"  C.  maltoae  is  slowly  changed  into  dextrose,  but  caBe-sugnr 
13  not  cliauged  into  invert-siigar^  The  fermeiit  ia  precipitated  by  alcohol,  while  it  is  extracted  hy 
glycerin  without  undergoing  m\j  essential  change.  All  conditiuna  which  destroy  the  diaatatic 
action  of  saliva  (§  148)  siniflarly  atVect  its  actif>ri,  hut  the  nd mixture  with  acid  gastric  juice  (its 
acid  being  neutralised)  or  bile  does  not  B«?em  to  have  nny  injurious  inllneticc.  This  ferment  ia 
abseut  from  the  paiiLTpas  of  newdiorn  children  (Koroicin). 

Prepaiatioii  of  the  ferment.  —  1 1  is  isoIate<I  hy  the  same  methods  as  obtaiD  for  ptyalin  (§  14$)» 
hut  the  tryjitic  ferment  is  preeiidtated  at  the  same  time.  The  addition  of  neutral  salts  (4  \vit  cent, 
solution),  c.ij.,  jjotassium  nitrate?,  conituon  sidt,  ammonium  chloride,  increases  the  diastatic 
action. 

IL  Its  tryptic  or  proteolytic  action,  or  its  action  on  proteidsj  dei>ends  upon 
the  presence  of  a  hydn:>lytir  fernietit  which  is  now  termed  trypsiji  (KtiAne), 
Trypsin  acts  npon  |jroteids  at  tlie  temperat^ire  of  the  body,  when  the  reaction  ia 
aikalim^  and  chant^'es  them  Hrst  into  a  glohulin-like  substance,  tlien  iiit4>  pro 
peptone  or  allnnnose,  and  lastly  into  a  (rue  peptmie^  sometimes  called  tryptone. 
The  albnmosejs  are  not  so  abnndioit  orsoea^sily  8e|jarated  a.^  in  gastric  digestion  {see 
;tlsi>  p.  295) ;  \k\iy  in  gastric  digestion  the  peptt>ne8  formed  are  hemi-peptone  and  anti- 
p6pt0li6,  bnt  the  former  alone  niidergoen  further  change  wlien  it  is  act-cd  on  by 
the  pancreatie  juice].  The  proteids  do  not  swell  np  lief  ore  they  are  changed  into 
l>eptorie,  [but  they  are  ertwied  or  eaten  away  hy  the  action  of  the  juice].  When 
the  proteid  has  been  ]>reviouf*ly  swollen  up  by  the  action  of  an  aidd,  or  when  the 
reaction  of  the  medium  is  acid,  the  transformation  is  interfered  with,  although  the 
changes  go  on  slowly  in  a  neutral  medium. 

Subfttances  yielding  gelatin,  nneleia  (f),  and  Hb,  resist  trypsin ;  glutia  *ind  swolleu-up  gelatin- 
yielding  sulKMtanues  are  changed  into  gelatin >ttept one,  but  the  latter  undergoes  no  I'lirtlier 
change.  Hb-Dy  ia  split  up  into  albumin  and  hwmochroinogen.  In  other  rcsijccts,  trypsin  act's 
on  tisaaea  containing  albumins  just  like  jH'pstn  (§  166,  III.). 

Trypsin  i^  never  absent  from  the  jiancreas  of  uew-bom  cMldren  {Zivtifel)^  and  it  may  be 
extracte<l  by  water,  which,  however,  also  dissolves  the  albumiti.  Kiihne  has  carefully  scporuted 
the  albumin  and  obtained  the  feruieut  in  a  jnire  state.  It  iw  Holuble  in  witter,  iur^olable  in 
aleohoL  Pepsin  and  hydrochloric  acid  together  act  upon  trypsin  and  destroy  it  \  hence  it  is 
not  oilviwahlc  to  ttdniinij3ter  trypsin  by  the  niontli,  juj  it  would  be  dcMtroyetl  in  the  stomach. 
When  dricnl  it  may  be  heated  to  160*  without  injury. 

Trypsin  is  formed  within  the  pancrea^i  by  a  *^  mother- substance/*  or  zymogen, 
taking  up  oxygen.  The  zymogen  js  found  in  small  amount,  6  to  10  hours  after 
a  meal,  in  the  inner  zone  of  the  secretory  cells^  but  after  10  hours  it  is  very  abun- 
dant in  the  inner  ztaie  of  the  cells.  It  is  soluble  in  water  and  glycerin.  Trypsin 
is  formetl  in  the  watery  solution  from  the  zymogen,  and  the  sauje  result  occurs 
when  the  jiantreas  is  cliopped  up  and  treated  with  strong  alcohol  {Kiihne).  The 
addition  of  sodium  ehloride,  carbonate,  and  glycocholat<%  favours  the  activity  of 
the  tryptic  ferment  [lieidenkiin).  [The  folh:i\\  ing  facts  show  that  zymogen  (fv/Jt?7, 
ferment),  or,  as  it  ha.s  been  C4illed,  trypsinogen,  is  the  precursor  of  trypsin,  that  it 
exists  in  the  ghind-cells,  and  re([uire^  to  be  acted  upon  before  trypsin  h  formed. 
If  a  glycerin  extract  be  made  of  a  pam:reai5  taken  from  an  animal  just  killed,  and 
if  another  extract  he  niade  from  a  similar  piueretus  whieh  has  been  kept  for 
24  liours,  it  will  he  found  that  an  alkaline  ^solution  of  the  former  has  practically 
no  effect  on  fibrin,  ^vhile  the  hitter  is  powerfully  proteolytic.  If  a  fresh,  imd  still 
warm,  [»ancreas  he  rubbed  up  with  an  equal  vohune  of  a  1  per  cent,  solution  of 
acetic  acid,  and  then  extracted  with  glycerin,  a  powerfully  protc^olytic  extract  is 
at  once  obtained.  Trypsin  is  forined  from  zymogen  hy  the  action  of  acetic  acid. 
There  ia  reitson  to  believe  that  try  [►sin  is  formed  from  zymogen  by  oxidation,  and 
that  the  former  loses  its  proteolytic  power  after  removal  of  its  oxygen.     Tlie 
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amount  of  zymogen  ])re8ent  in  the  gland-cells  seems  to  depend  upon  the  number 
and  size  of  the  granules  present  in  the  inner  granular  zone  of  the  secretory  cells.] 

Farther  Effects  on  ProteidB. — When  trypsin  is  allowed  to  act  upon  the 
hemi-peptone  funned  by  its  own  action,  the  latter  is  partly  changed  into  the 
amido-acid,  lencin,  or  amido-caproic  acid  (CgH^gXOg),  and  ^osin  (C^HnXOg). 
Tyrosin  belongs  to  the  aromatic  series  (§  252,  IV.  3).  Hypoxantliin,  xanthiii, 
and  asjmrtic  or  amido-succinic  acid  (C^H^XO^)  are  also  formed  during  the  digestion 
of  fibrin  and  gluten,  and  so  are  glutamic  (CgH^NO^)  and  amido-valerianic  aci<l 
(C5H11XO2).  Gelatin  is  first  changed  into  a  gelatin-peptone,  and  afterwards  is 
decomposed  into  glycin  and  ammonia. 

Pnti'efactive  Phenomena. — If  the  action  of  the  pancreatic  juice  be  still  further 
prolonged,  especially  if  the  reaction  be  alkaline,  a  body  with  a  strong,  stinking, 
disagreeal)le  faecal  odour  is  formed  together  with  indol  (CgH-X),  skatol  (CgH^X), 
and  phenol  (C,jU,jO),  and  a  substance — protein-chromogen — which  becomes  red 
on  the  addition  of  chlorine- water  (Beinard),  [or  it  gives  with  bromine-water  first 
a  pale  red  and  then  a"violet  tint  {Kiilin€)\  volatile  fatty  acids  are  formed,  wliile, 
at  the  same  time,  H,  CO2,  H2S,  CH^,  and  X  are  given  off.  The  formation  of  indol 
and  the  other  substances  just  mentioned  depends  upon  pntrefieustion  (§  184,  III.). 
Their  formation  is  prevented  l)y  the  addition  of  salicylic  acid,  or  thymol,  which 
kills  the  organisms  upon  which  putrefaction  depends  {Kvhnc), 

[Peptones  bre  formed  from  proteids  by  the  action  of  the  pancreatic  ferment  without  the  aid  of 
micro-organisms  (if  the  digestive  fluid  contains  1  per  cent  carbolic  acid  it  is  quite  anti-septic). 
The  procluction  of  indol  is  always  associated  witii  the  appearance  of  micro-oi^nisms  in  the 
medium,  and  Han-is  aud  Tooth  incline  to  the  view  that  there  are  special  indol-forming 
organisms,  in  the  absence  of  which  this  body  does  not  appear.] 

[Artificial  Digestion  and  Pancreatic  v.  Gastric  Digestion. — From  fibrin  placed 
in  pancreatic  juice,  or  in  a  1  per  cent,  solution  of  sodium  carbonate  containing  the 
ferment  trypsin,  peptones  are  rapidly  formed  at  40'  C.  Wlien  we  compare 
gastric  with  pancreatic  digestion,  we  find  that  the  fibrin  in  pancreatic  digestion 
is  eroded,  or  eaten  away,  and  never  swells  up.  The  process  takes  place  in  an 
alkaline  medium,  and  never  in  an  acid  one.  In  fact,  a  1  per  cent  solution  of 
sodic  carbonate  seems  to  play  the  same  i)art  in  assisting  trypsin  that  a  -2  per  cent, 
solution  of  HCl  does  for  pepsin,  in  gastric  digestion.  In  gastric  digestion  acid- 
albumin  or  sijntoiiin  is  formed  in  addition  to  the  true  peptones.  In  pancreatic 
digestion  a  body  resembling  alkali-albumin^  which  passes  into  a  globulin-like  body, 
and  ultimately  into  a  peptone,  is  formed.  Of  the  peptones  so  produced,  one  is 
called  anti-peptone,  and  it  is  not  further  changed,  but  part  of  the  proteid  is 
changed  into  hemi-peptone.  This  body,  when  acted  upon,  yields  leucin  and 
tyrosin.  When  putrefaction  takes  place,  the  bodies  above-mentioned  are  also 
formed.  We  might  represent  the  action  of  trypsin  thus : — Proteid  +  trypsin  -f  1 
per  cent,  sodium  carbonate,  kept  at  38'  C.  =  formation  of  a  globulin-like  body, 
and  then  anti-peptone  and  hemi-peptone  are  formed. 


Anti-peptone 

yMds 

Hemi-peptone 

field* 

Normal  Digestive  Products.  \ 

Putrefactive  Producti. 

undergoes  no 
further  change. 

Leucin,                      i 
Tyrosin, 
Hypoxauthin, 
AajMirtic  Acid. 

ludol, 

Skatol, 

Phenol. 

Volatile  Fatty  Acids, 
H,  CO.,  HA 
CH„  N. 

It  seems  that  trypsin  in  pure  water  can  act  slowly  upon  fibrin  to  produce 
peptone.     Pepsin  cannot  do  this  without  the  aid  of  an  acid.] 

[In  artificial  tryptic  digestion  of  fibrin  Ktthne  obtamed  9*1  per  cent  of  leucin 


Sec.  170.]  ACTION   OF   PANCREATIC  JUICE   ON   FATS.  307 

and  3*86  of  tyrosin.  S.  Lea  more  recently  obtained  8-10  per  cent,  of  the  former, 
and  2-3  j^er  cent,  of  the  latter— t.e.  in  the  ratio  of  3:1.  Lea  confirms  Kilhne's 
view,  and  has  further  shown  from  the  examination  of  the  contents  of  the 
duodenum  in  a  dog  after  digestion  of  a  meal  of  flesh,  that  both  leucin  and  tyrosin 
are  formed  in  the  intestine  in  not  inconsiderable  quantities  during  natural  tryptic 
digestion.] 

[The  following  scheme  by  Kilhne  indicates  the  action  of  ferments  (and  certain 
acids)  on  proteitls.     The  latter  are  split  up  into  an  anti-group  and  a  hemi-group. 


Action  of  Enzymes  (fennents). 

Albumin. 

_i 


Auti-albumose.  Hemi-albnmose. 


Ill  I 

Anti-i)eptoiic.     Anti-peptone.  Hemi-i)eptone.  Hemi-peptone. 

I        I  I        ~\ 

Leucin,  Tyrosin,  &c.  Leucin,  Tyrosin,  &c. 
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Tlie  anti-group  is  not  further  split  up  but  the  hemi-group  although  not  split 
up  by  gastric  digestion,  is  split  up  by  tryptic  digestion  into  leucin,  tyrosin,  and 
other  products.] 

[KiUine's  Pancreas  Powder.  >-This  is  preimred  by  the  prolonged  extraction  of  fresh  pancreas 
of  ox  with  alcohol  and  then  with  ether.  If  the  dry  powder  be  extracted  for  several  hours  with 
a  I  per  cent,  solution  of  salicylic  acid,  and  filtered,  a  fluid  with  2>owerful  proteolytic,  but  no 
diastatic,  properties  is  obtained.  Several  hours  afterwards  much  tyrosin  may  separate  out, 
which,  of  course,  must  be  removed  by  filtration.  The  clear  fluid,  when  mixed  with  fibrin  and 
a  1  per  cent,  solution  of  sodic  carbonate,  rapidly  digests  fibrin.  If  it  be  desired  to  obtain  a 
true  pancreatic  digestion,  with  none  of  the  products  of  putrefaction,  the  mixture  must  be 
strongly  **  thymolised  "  with  a  25  per  cent,  alcoholic  solution  of  thymol  (KUhne).] 

[Setschenow  finds  that  egt^-albumin,  boiled  in  a  vacuum  at  d5''-40°  C,  is  more  rapidly 
digested  than  fibrin  by  a  specially  prepared  try})sin.]  When  proteids  are  boiled  for  a  long  time 
with  dilute  H2SO4,  wo  obtain  peptone,  then  leucin  and  tyrosin ;  gelatin  vields  glyein, 
Hypoxanthin  and  xanthin  are  obtained  in  the  same  way  by  similarly  boiling  fibrin,  and  the 
former  may  even  be  obtained  by  boiling  fibrin  with  water  {ChiUendeii). 

It  is  ver^  remarkable  that  the  juice  of  the  green  fruit  of  the  papaya  tree,  or  Carica  papaya, 
possesses  digestive  properties  {Roy,  Wittmack),  and  that  the  action  is  due  to  a  peptonising  ferment, 
closely  related  to  trypsin,  and  called  caricin  or  papain.  [It  forms  a  true  peptone,  an  inter- 
mediate body,  and  leucin  and  tyrosin.  It  also  contains  a  milk-coagidating  ferment  {Mctrlin).} 
The  milky  juice  of  the  fig-tree  has  a  similar  action.  Sprouting  malt,  vetch,  hop,  hemp  during 
sprouting,  and  the  receptacle  of  the  artichoke  contain  a  peptonising  ferment  Leucin,  tyrosin, 
glutamic  and  aspartic  acids,  and  xanthin  are  formed  in  the  seeds  of  some  plants ;  hence  we 
may  assume  that  the  processes  of  decomposition  in  some  seeds  are  closely  allied  to  the  fermenta- 
tive actions  that  occur  in  the  intestine. 

III.  Its  action  on  neutral  fats  is  twofold:— (1)  It  acts  upon  fats  so  as  to 
form  a  fine  permanent  emulsion.  (2)  It  causes  neutral  fats  to  take  up  a 
molecule  of  water  and  split  into  glycerin  and  their  corresponding  fatty  acids : — 

(CsrHixoOe)  +  SCH^O)  =  (G.Bfi,)  +  3(Ci3H^O,). 
Tristearin.     Water.      Glycerin.     Stearic  Acid. 

The  latter  residt  is  due  to  the  action  of  an  easily-decomposable  fat-splitting 
ferment  {CL  Bernard),  also  called  steapsin.  Lecithin  is  decomposed  by  it  into 
glycerin-phosphoric  acid,  neurin,  and  fatty  acids.  The  fatty  acids  thus  liberated 
are  partly  saponified  by  the  alkali  of  the  pancreatic  and  intestinal  juices,  and 
partly  emulsionised  by  the  alkaline  intestinal  juice.  Both  the  soaps  and  emulsions 
are  capable  of  being  absorbed  (§  191). 

Emnlniflcation. — The  most  important  change  effected  on  fats  in  the  small  intestine  is  the 
production  of  an  emulsion,  or  their  subdivision  into  exceedingly  minute  particles  (§  191).    This 
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is  necessary  In  orJev  lli*it  tU*?  fat?*  may  Ik-  hikvn  up  by  the  lActeals.  If  the  fot  to  be  cmulaifieU 
contaia  a  free  fatty  acid,  i.e.,  if  it  V<ti  bliglitly  muciJ,  and  if  the  fluid  with  which  it  is  mixed 
hfl  alkaline^  einiiilsiificatioii  takes  place  extreuRly  rapidly  {Bruike).  A  drop  of  cowl-liver  oil, 
which  iu  its  iinpiirilicd  eouditioii  always  contdios  fatty  acids,  on  being  |jhiccd  in  a  dnip  of  0"3 
|ier  pent,  solutittti  of  soda,  iiisl^wlly  gi%'C8  rise  to  an  emulsion  {GmJ).  The  excessively  minute 
oil -globules  that  compose  the  emulsion  arp  first  covered  with  a  Inyer  of  soap,  which  soon 
disHrtlveHj  and  in  thi*  process  small  globnle4i  arc  detailed  from  the  original  oil  globules.  The 
fresh  siLirface  is  again  t:oveiied  by  a  ,«oap  film,  and  the  proce*ia  is  repeated  over  and  over  again 
nnlil  an  excessively  hue  emuUion  ia  obtsined.  If  tbe  fat  oontaiii  much  fatty  aoid,  and  the 
solution  of  «oda  be  more  concentrated,  **  mi/t^lin  /ormit"  me  olstained  similar  to  those  which 
are  formed  when  fresli  oerve-fibres  are  teased  in  water*  Animal  oils  emulsionise  m€>re  readily 
that!  vegetabk  oitn  j  castor  oil  does  not  emnkionise  {Gad),  [It  is  exti^emely  dilticnlt  to  obtain 
A  perfectly  neutral  oil,  as  most  oils  contain  a  trace  of  a  fatty  aoid.  In  fact,  if  on  udding  a 
weak  solution  of  smlic  carbonate  In  oil  or  fatty  matters,  fluid  at  the  tcn^iwratnre  of  the  body, 
an  emulsion  is  obtained,  one  nmy  be  sure  that  the  oil  containctl  a  fatty  acid,  so  that  Bernard's 
view  about  an  *'  emulsive  ferment "  being  necessary  is  not  endorsed.  The  fatty  acid  set  free  by 
tbt.'  fat-splitting  ferment  enables  the  alkaline  pancreatic  juice  at  oneo  to  proiiuce  sn  emulsion*] 

Fat- Splitting  Fennent. — This  is  a  very  unstable  Ijmly,  and  must  l>e  j^repareti  from  the 
I^rfectly  fivah  f^laiid  by  rubbing  it  n]t  with  |K>\vdered  glass,  glycerin,  and  a  1  jmr  cent,  solution 
of  sodic  carboonte,  and  allowing  it  to  stand  for  a  day  or  two  {frtiifztirr).  [This  ferment  is  said 
to  cause  an  emulsion  of  oil  and  mncilagw  ting«?d  blue  with  litnms  at  40"  C,  to  become  red 
{(Jamgu).  In  prforming  tbts  experiment  notice  that  the  mucilage  is  perfectly  neutral^  ju 
gum-arabic  is  frequently  acid.] 

[PanoreAtio  Ettmcte.^ — The  action  of  the  p.inereas  may  be  tested  by  making  a  watery  extract 
of  a  ^lerfectly  fresh  i;land«  Such  an  exti-act  always  acts  upon  stareb  and  generally  upou  fatit, 
but  this  extract  ana  also  the  glycerin  extract  vaiy  in  their  nction  ni>on  proteids  at  ditfcrent 
times.  If  the  extract — watery  or  glycerin — be  made  from  the  pancreas  of  a  fasting  animal,  the 
tryptie  action  is  slight  or  absent,  but  in  netivc  if  it  be  ppjpaied  from  a  gland  4  to  10  hours  after 
a  meal.  The  punereatic  [irepsrations  of  Benger  of  Manchestar,  Savory  and  Moore,  or  Burroughs 
ond  Wellcome,  all  jM)s.sess  active  diastatic  nnd  proteolytic  properties] 

[Pancreas  FermentB.— Finely  dividt^d  calfs  pancreas  is  extracted  with  less  than  twice  its 
volume  of  Wiiter  anrl  kept  for  Ave  bourn  at  38*  C.  The  lluid  is  decanted,  abakcn  with  ether,  snd 
precipitated  with  alcohol.  The  precipitate  is  spread  on  filter  pajwr  and  dried  at  40"  C.  A  small 
piece  of  this  |»aper  extracted  with  3-4  cc.  of  water  yields  a  fluid  with  diastatic,  tryptie,  and  it  is 
said,  fat  afjlitiin^  activities  (Sdscfunoip).} 

[P&ncreafl  SaJt—Prosser  James  proposes  to  employ  common  salt  mixed  with  pepsin,  whieh 
be  cttlls  ]»eptic  salt ;  and  be  iidvociitcs  the  use  of  another  preparation  composed  of  the  pancreatic 
fennentsand  common  salt,  pancreatic  ^LdL] 

The  pancreas  of  new-born  cMldren  con  tains  try|Ksiii  and  the  fat-tlet'om  poking 
fermeiit^j  hut  not  the  diiUHUitic  one  (Zfreifd).  A  shght  iliiit^tutic  action  is  obtained 
after  two  months,  hut  the  full  effect  is  not  cditaiu*^d  until  aft+T  the    Unat  year 

IV.  The  }>aiicre4is  contains  ti  milk-curdlinf  ferment,  which  may  be  extracted  hy 
means  of  a  concentrated  solution  of  comnK«ti  .salt, 

171.    THE    8ECEETI0H    OF    THE    FANCEEATIC    JUICE,  ^Kest  and 

Activity. ^ — As  m  oth<:r  ;^dumls,  we  distinguiJ^h  a  (|nie.sceiit  stiite^  tluring  which  th»* 
ghuul  if?  .soft  and  jiule,  mid  a  state  of  secretory  netivity,  during  \vhich  the  orgj^n 
s^vella  u]v  iuid  iippiiar^  pale  red.  The  hitt*^r  rondition  ouly  occurs  after  a  meal, 
nnd  is  eaused  prfdfubly  retlexly  owing  U^  stiiuulation  of  the  nerves  of  the  stomach 
unil  duodenum.  Kiihiie  and  Lea  found  tlnit  all  the  lobules  of  the  gland  were  not 
active  at  the  same  time.  The  pancreas  of  the  herhivoni  secretes  uninterruptedly, 
[but  in  the  dog  secretion  is  not  constant]. 

Time  of  Secretion. — Aeeortling  t<3  Bernstein  nud  Ileideidiaiu  the  secretion 
l>egins  to  flow  when  fo(«.l  is  introdueed  into  the  stomach,  and  reaches  its  maximum 
2  to  3  hours  thereafter.  The  ainotnit  falls  towards  the  -Itli  or  7th  hour,  and  rises 
again  (Viwing  to  the  euiraiu:e  of  the  chyme  iuto  the  dundeuuuj)  towanls  the  9th 
iiud  11th  hour,  gradually  falling  towards  the  17th  to  24th  hour  until  it  ceases  com- 
pletely. When  more  fotnl  is  taken,  tlie  same  i^rocesa  is  repe^ited.  Ab  a  general 
rule^a  ni]iid]y-fornii*d  Ni'rrfti<ai  contiii^ns  less  sohils  than  one  formed  slowly, 

ConditioE  of  Blood-Vessels. — During  secretion,  the  blood-vessels  behave  like 
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the  hkxKl'Vessek  of  the  sahvary  glamkafkr  .stijiinlatiouof  the  clir^nla — they  dikks 
uud  the  venous  hlooil  i^  hriglit  rr^l — thixs^  it  13  jmilmhle  that  a  similar  nervous 
meehani^in  exists,  [lait  m  yet  no  sucli  nifehaiii.siii  has  been  disco vereil].  The 
secretion  h  f^xt-retevl  at  a  pre88iire  of  more  than  17  muh  Kg.  (rahlat). 

Effect  of  IferveB.^ — The  nerves  arise  from  the  he|tatie,  splenic,  and  superior 
mesenteric:  i>h.*xtises,  together  \v^ith  bnmehea  from  the  vagus  and  sympathetic. 
The  secretion  i«  excttod  !)y  stimulatif.)n  of  the  meihilla  ohiongata,  as  well  a.s  by 
direct  stimulation  of  the  gluml  it:^elf  by  indiiction-HhiJcka  [It  is  uot  arrc^sted  hy 
Beetion  of  the  cervical  spinal  conl]  The  secretion  is  sappressed  by  atropin  [in 
the  dog,  hut  not  the  rabbit],  by  i>rfxlut;iiig  vomiting,  by  stiiaulatii»n  ef  the  central 
end  of  the  vagus,  m  \vell  as  by  stimulation  of  other  sensory  nerves,  e,ff.,  tlie  crural 
and  sciatic.  Extirpation  of  the  nerves  accomiKUvyiiig  the  blood- vessels  prevents 
the  aliovc-iiamed  stimuli  from  acting.  Umler  these  circuni stances,  a  thin 
**  paralytic  fiecretion,"  with  feelile  dig(istive  ix>wer8,  is  fonne<l,  but  its  amount  is 
not  intluenced  liy  the  taking  of  food  [Sei-retion  is  excited  by  the  injection  of 
ether  into  the  stomach.] 

Exciflion  of  the  Pancreas. — Tlic  duct  may  be  ligatined  in  aniiuals,  \iit1ioatCftUitit]{{atiy  veiy 
great  ehang(»  in  their  niitntioii  ;  tin*  absorption  of  tat  from  the  ii]te:atiat]  does  not  p&ane*  After 
the  duct  m  ligiitun-d  it  uiay  Iw  again  restored,  Ligatiue  of  thp  duct  ?uay  cause  the  foniiatioii 
of  cytitit  ia  the  duet  and  atropliy  of  the  glaad-sfilistanec.  Pigeoii.s  nooa  die  after  thia  ajwration, 
[Aft^'r  exci-sion  of  the  jiatierHas,  dogs  become  permanently  diabetic  (p.  823)*  There  may  bu  as 
much  m  f>-10  p«r  cent  of  augar  iu  the  untie  during  fastiug.  In  tfw  later  stages  before  death 
acetoDuria  occurs  (Mi7ikofmki  and  i*.  Mering).] 

[172.  PKEPAEATIOK  OF  PEPTOIflSED  FOOD.^Peid-.in^ed  fornl  may  bo 
given  tfj  |Hitii'nt.H  wLmsl^  digi^stiou  is  fcehh"  (IvJfrii)^).  F<mk1  iiwy  he  j>eptonided 
eitlier  by  peidlc  or  tryptic  digestion^  but  the  former  is  ni»t  so  siti table  as  the  latter, 
because  in  pejitic  digei^tion  the  grateful  oilour  and  Uwte  of  the  food  are  destroyed, 
while  bitter  bye-[>roducts  are  formed,  so  that  pancreatic  digestion  yieldt^  a  more 
palatable  an*!  agreeable  product  As  trypsin  in  destroyed  by  gastric  digestion, 
<djvi»usly  it  is  ustdess  tt*  give  extmct  of  the  pancreajs  to  a  patient  along  with  hifl 

f.JOcl] 

[Peptoniaed  Milk.—'*  A  pint  of  milk  is  dilutiMl  with  a  quarter  of  a  pint  of  water  and  heatefl 
to  6tr  C.  Two  or  three  tcJi'Spoonfnls  of  Beng«;r'a  Ihpior  jiaucrettticua,  together  with  10  or  20 
grains  of  bicarbonate  of  soda,  are  then  mixed  therewUli.''  Keep  the  mixtuitj  ot  SS""  C,  for  about 
two  houi'a,  aiid  then  lx)il  it  for  two  or  three  nunutes^  which  anTatw  the  fortnent  action.] 

[Peptonieed  Gnieh  prepared  from  oatmeal,  or  miy  farinnecous  food,  is  ruore  a^eeable  than 
peptoniscd  milk,  as  the  bitter  tlavour  does  not  appear  to  bo  developed  ia  the  pancreatic  diges* 
tioti  t>f  vttjddUi'  proteiflH.] 

[Peptonlaed  Iffilk  Gniel  yieldi^d  Roberts  the  most  satisfactory  residts,  as  a  complete  aud 
highly  rmtritiou!<  foml  for  weak  diit^Lst ions.  Make  a  thick  gni«l  from  any  farinaceous  foo<l,  cj/,, 
oatmeal,  and  whil*-  stitl  hot  add  to  it  an  jpf]ual  vohuiw  of  cold  niilk»  when  the  mi. x tare  will  have 
a  tpmperature  of  62  C,  (1*25°  F.)»  To  each  pint  of  this  mixture  add  two  or  three  teu-Bpoonfuls 
of  Ihpior  pauL-reaticiis  and  20  grains  of  bicarhnnale  of  soda.  It  is  kept  warm  tor  two  hours 
under  a  "  coaey,"  It  ih  th«n  hoil«l  for  a  few  miauteB  and  strained.  The  bitterness  of  the 
digested  milk  la  almost  completely  covered  by  the  sumir  j>rodirced  during  the  prt»eess.] 

[Peptonised  8oa[i«3  and  heef-tea  have  aUo  been  made  and  used  with  ancceas,  and  have  \m^v\ 
atlnuni.stere<J  both  by  the  luouth  and  rectum. I 

[Peptoalfling  powdera  eontainirig  the  proper  proportions  of  ferment  aad  sodic  bicarbonate  are 
prepared  hy  fieuger,  and  liurroaglis  and  Wellcomed 

[173.  Stmcture  of  the  Liver.— The  liver  is  the  heaviest  organ  in  the  h«xly, 
wei^hiug  in  the  adidt,  when  devoid  of  Mood,  alioiit  1850  gmni^.  It  forms  ^^  of 
the  weight  of  the  iiiah-  hiidy^  anil  is  ahout  28  cm.  in  Icngtlb  IH  cm.  in  lircadth  at 
its  thickest  part.  The  Idle  is  carried  out  of  the  liver  hy  the  two  hepatic  dacts, 
which  ettierge  from  the  ri^^dit  and  left  hepatic  8ulKstanee  at  t!ie  transverse  fissure, 
Tliey  unite  and  arc  joined  l>y  the  cystic  duct,  which  is  a  continuation  of  the 
tai>enng  extremity  <>f  the  gall-bladder*  ^y  tlie  union  of  the  hepatic  ihict  with 
the  cystic  diu  t  the  common  bile  dlict  (75  mm.  long)  is  fonned.     It  pier<je8  the 
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coata  of  the  <lu<xlojiiim  very  ohliqiiely,  and  opens,  along  with  the  iJoncrBatic  duet, 
into  the  dtio(tcnxim«     Th<^  gall-bladder  is  a  ])€xir-shaped  sac,  capable  of  containing 


Fig.  224. 

Portid  Viflu  ami  its  braiulu^  of  origin.  A,  iiv<?r  ;  IJ,  gall  lilatMer  ;  C,  i|ilailt  «  D,  stomacli  ;  K, 
pnit  of  tlie  HiuixW  intestine  ;  1,  tnmk  of  thi*  jiortJil  vpiw  ;  2,  siiprior  and  8,  ioft-nor  ttte^M^u- 
teric  veins ;  4,  itu^KTior,  f»,  5*,  middle  and  iiif«?nor  luvmorrhoitlal  veins ;  e,  right,  and  7, 
left,  ga^tio-epijiloic  veius  ;  8,  splenic  vein  ;  9,  gastric  coronury  vein  ;  10,  pyloric  vfiu  ; 
11,  cystic  vcin» 

20-26  c.c.  of  bile.     In  ^ouw  aniiimls  the  gtdMdaddcr  k  wanting,  as  in  tlio  donkey, 
elephant,  and  mouse,] 


Sec*  173.]         BLOOD- VESSELS   AM)   CAI\SULE   OF   THE 

[Blood-VesBela  of  the  Liver, — The  liver  is  su|ipli«!cl  with  hlood  by 
(1)  The  ]>ortiil  veiji,  (2)  The  licpntic  iOrteiy. 

Tlitf  portal  vein  is  foniie<l  hy  the  confluence  of  the  splenic,  inferior^  and  suiierior 
niei^t^iiteric    veiiiis,   wliereby    the 

•^hort,  wide  vena  purUi?  is  formed       ^W/W  \(fvVi>)tyj^ilN^yidv^  ^7 

(%.  224,  1).  It  eiikTK  the  liver  '  " 
at  the  transverse  tis.^iin'e,  m foin- 
jjimied  liy  the  l>ile-ilnet  toid 
heiuitie  jirterv,  ami  is  dislrihiit<  d 
In-tween  the  liver  !ol>nies.  The 
purtid  vein  rctnnis  the  blocnl  from 
tlie  stoniach,  |mncreiiSj  ijitestine?, 
ami  sjileen  ;  henee  it  carries  si>nie 
of  the  |invdneU  of  tligeation 
ilireetly  to  the  liver,  wliere  some 
nf  them  are  muterinlly  « banged 
hy  the  hejiatie  cells  as  tliey  pass 
h] < j \\'\ y  tl I n >n <^1  J  tile  1  le ]m tie  1  >1( :kr1  - 
veesek  The  hepatic  artery 
supplies    a    small    ^niintity    of 

arterial  hlood  to  the  liver.     The  fig-  225. 

1>1o<m1,  after  eiieulatin^  through      Hlt>od-ves3i4a  of  a  rabbit's  Hrcr  injected ;  ^loitiil  viuij, 
th*"    Hver,    is    returned    by    the  blue;  h^i^c  rein,  itd  {St iriimj). 

hepatic   veins  to  tlie  inferior  vena  eaviu] 

The  liver  consists  of  innnmerahle  snisdl  lobules  or  acinic  1  to  2  niiUimetrea 
in  diameter.  These  lohules  are  visible  to  the  naked  eye.  All  the  kjl>nles  have 
tlie  same  structurr. 

1.  The  Capsule. — The  liver  is  e<»vered  hy  a  thin,  fibrous,  finnly-adherent 
eapsidcr,  vhirli  has  on  its  free  surface  a  layer  of  endothelium  derived  fruiu 
the  peritoneum.  The  cajv 
.sule  semis  tine  septal  into 
the  organ  lietween  the  lolt- 
uh's,  hut  it  is  also  continued 
intt)  the  interior  at  the 
tiimsverse  (issure,  wlnn^e  it 
snrr^anids  tlie  ])ortai  vein, 
hepatic  artery  J  and  hile-ilnet, 
ami  accompanies  these  strne- 
tures  as  the  capaule  of 
Glisson,  or  interlobular  con- 
nective tissue.  The  spaces 
in  wliieli  these  three  strue- 
tnrts  lie  are  kunwn  as 
portal  canals.  In  some 
anhnals  (jiig,  camel,  polar 
War)  the  lolniles  are  sepai- 
ateil  from  each  other  hy  the 
som**what  lamellated  con- 
nective tissue  of  t»iis8on*s 
caiiside^  but  in  man  this  is 
but  slightly  develo|>erl,  so 
that  afljoining  lobules  are 
more    or  less  fused.     Xory  delicnte  connective  tissue,  hut  small  in  amount,  us 


Section  of  Imiiiaii  liver,  x  20,  showing'  tbe  livcrdobales  nud 
tUe  radiiite  arrajigcnient  of  their  cdia  from  the  central  or 
intralobular  vein. 
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alao  foiiiid  ^vitliiii   the  lobules,     Leiirorylt's  arc  s<:Jint'tiine>i  IVniud  in  the  tls^jue  »f 

2,  Blood-Vesaels — (a)  Bmufliti*  uf  tln_'  Venous  System. — The  portal  vein,  after 
itvs  entniiRH*  intt>  the  liver  at  the  portal  hssure,  gives  oft'  muncrytis  l>raiiclie,s  lyiTig 
between  the  lobules,  ami  iiltiniiitely  fonuiug  suiall  trunk.s  which  mavU  the 
|(eri|»liery  of  the  lulniles,  w  lie  re  they  form  a  rich  plexu.^.  The  bnmche^  of  the 
portal  vein  lying  ijctweeii  the  luhules  are  caUed  the  interlobular  Temfl  (tigs.  225» 
226,  227,    V,i.),  which   are  always  jmjvided  with   Ihiclc  itnuHtnlar  walls.     Kmiu 


^Fig.  227. 

I,  Sdifme  t*f  II  liverloUilc— r.i\  V.i,  intiTlobiiliir  win  (jiortal)  ;  V.c,  ruiiliul  m  iatialobnljir 
vein  (heptttic)  ;  c,c,  capillaricH  betAVcf  n  botli  ;  F.»^  Hublobulttr  veiu  ;  Va\  veua  Ta8eu< 
laris  ;  A,  J,  \w\miiv  ftiterj  %  giviug  bran  eh  us,  r,  /*,  to  Gliaiioii's  e^psalc  nud  the  larc^t' 
vessels,  iimd  altinialely  forniing  tlie  vensi*  vAJsealfties  at  ^  i^  opening  into  the  inlralobtilar 
CJipillarie.'*  ;  r/,  bile*duLtH  ;  .*%  .f,  iutralobidar  biliaiT  rhanucU  betwe»?n  Ihi*  (iver-cellA  ;  U^  d^ 
position  o("  tliL'  liver-c'i^lla  bctv^ten  lh«  meshei*  of  the  bliKxl-caiiiUnriert*  11.  laoUted  liT?<^r- 
cellj*^ — r,  a  bk>™l't'apillary;  ff,  tinp  bilecajiillar)'  chaiineb 

these  veins  niimerouw  capillaries  (f\  r)  jire  given  oil'  iu  the  entire  peri|diery  of  tht* 
lobule.  The  capillaries^  converge  towimbs  the  centre  of  the  lolnde.  As  thc*y 
]>rot^ceil  inward?^,  they  forni  elongated  incshes,  and  between  the  capillariei?  lie  row^g 
or  coluuins  of  liver-cells  (</,  (f).  Tlie  caiJillaries  tvre  rcktivtdy  witlr,  and  are  My 
disposed  as  to  lie  between  the  etftjfis  of  the  columns  of  celbs^  iuid  never  In'twcen  the 
surfaces  of  two  iieiglibouring  t'ells.  The  capillaries  ciaiverge  tow;o<U  the  rcntin- 
of  each  lolade,  where  they  join  to  form  one  large  \'€'in,  tlie  intralobular,  hepatic, 
or  central  vein  (!'.'*),  which  traverses  each  lobule,  reMchen  On  surface  at  raie  jHiiiit, 
pasiirs  (iut>  and  joina  similar  veins  from  other  lobules  to  form  the  sublobular 
veins  {fig.  227,  i>).     The  bmnches  of  tlie  hepatic  veins  have  very  thin  walU. 
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ThcHc  in  tiini  unite  to  form  witle  xe'm^,  the  ori^j^int!  of  i\w  hepatic  vein,  vvhicii 
openn  into  tln.^  ven*i  cava  infinif>r. 

(b)  The  ljmnLh«\H  of  the  hepatic  artery  ueconipuny  tho  l^iaiK'he.s  of  the  iHutal 
vein  and  liikMliiL't  m  the  portal  tan^ils  }>etween  tJit-  lohtiks,  uiu\  in  tliiMr  com'se 
give  oft"  capillrtiiea  to  supply  the  wails  uf  the  ported  vein  and  larger  hilo-diict^. 
The  hranehcs  of  the  liepatic  artery  aiiJistoniose  frequently  wJiere  they  lit*  hetween 
the  lubnles.  On  I'caching  the  ]»eripliery  of  the  lolndee^,  a  etrtain  number  of 
eapillaries  are  given  dH',  whieh  penetrate  the  lolaile,  and  terminate  in  the  eujiilliineH 
of  tlie  poital  vein  {t\  i).  Thes^e  capillarienS  however,  whieh  suj^ply  the  waU,^  of  tin- 
portal  vein  and  large  bile-duets  {r^  r)»  tenniuate  in  veins  wdiit  h  end  in  the  portid 
vein  {r.i"}*  Heveral  liraiitht's — ^ff/>.f?j/a/*— ptuss  to  the  surfaee  of  the  liver,  where 
they  forai  a  wide-nieshed  jilexus  uniler  the  peritonetnu.  The  hlooil  is  returned 
by  veins,  which  c»pen  into  hmnehes  of  tlie  jiortal  vein. 

[Hepatic  ZoneB.—  i*jit[ifjio|^ist^  chaw  a  sharp  distinction  betweea  difFpiPut  /oul-m  witliiu  a 
lifpatie  lobiik'.  TIiuh  the  teiitial  area,  eapitlarie.s,  nnd  telk  fmui  the  hepatic  vein  zone,  which 
lit  s]H dully  liiible  to  cyrtiiotie  ehaugeH;  the  areii  tiext  the  jieriji'liLTy  of  the  lolntle  is  the  portal 
vein  zone,  whose  cpILh  tnjder  certiiia  eireainiistnTieo^s  ait?  pat ticulurly  ayt  to  luidergo  friTty  d^- 
gencmlioii;  while  theiT  is  iin  arcji  lyiag  iiiidwny  hetweeii  the  Uut  foregoiag — tin*  bepatic 
artery  zone — whieh  is  sfvceially  liable  to  amyloid  or  waxy  degeac-nitiou.  ] 

3.  The  liver  CellB  (tig.  227,  IT,  a)  are  irregular  jiolvgonaleelli^  of  aljout  i^og^yth  of 
an  ineli  (34  to  45  /jl)  in  diameter  (tig.  229).     The  arningeuient  of  the  ea]>illanes 
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within  a  lobule  deter 
nanes  the  armngenunt 
uf  tlie  liver-celln.  The 
liver- cell 8  form  ajuistu- 
mosing  eohiniUK  whieh 
railiate  from  the  ten  tit; 
to  the  peripherv  of  each 
lobule  (figK.  228,  230), 
[The  liver-celJs  ai^* 
usually  stated  to  be  de- 
void of  an  enveloiH% 
although  Hayeraft  hU\U'h 
thnt  tbey  possess  one. 
They  UHUidly  contain  a 
single  luieleus^  with  one 
or  juore  nucleoli,  tail 
sometinutH  two  nuclei 
occur.  The  iirotoidasni 
and  nucleus  of  eaeli  cell 
contiun     a     plexus     of  ^.^  ,^^g 

^*  i^^f   I  11  T  A  liver  lohide  st4Uiipd  with  picro-canaine  (Strth'n{}%     BD.^ 

epithelial      cells.         In  bile-duct  ^    PV.   Mid    HV.,   p^irtal   aad   hepatic  veuia ; 

some    auinialH,    glohules  HA.,  hejMitk  artery. 

of  oil  and  pignient-giainile^  mv  fouml  in  tlie  cell-pioto}>lsusni  (fig.  229).  Each  cell 
m  in  rrlation  with  the  wide-nieMht'd  !thii»d-ca]>illarie8  {fig.  227,^/,  d),  and  also  with 
the  much  narrower  niesliwork  of  bihvducts  (I,  x). 

Changes  in  Liver-Cells. — The  appearance  of  the  cells  varies  with  the  period  of 
digestion.  Ihiring  huBger,  the  liver-eelis  are  iincly  granular  ami  very  cloudy 
(fig.  230),  [and  contaiu  little  glycogen,  hut  many  tiignient-granules,  and  the 
nucleus  it*  more  freiiuently  al»^ent.  (Jfteii  fn'c  nucleoli  on<l  pale  nuclei  are  found 
{Eilenhertjer  ami  Baum),  During  activity,  i.p.,  after  a  full  nn-al,  esj^eciully  of 
stiirehy  foot],  the  celk  arc  larger  and  more  distinct,  stain  more  deeply  with  eosin, 
ami  contain  fewer  gnmuleti.]     Tlie  i>rotoplasin  contains  coarse,  glancing  hyaline 
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nmsses  of  f(lyco^tii  (l^^^  233,  2)^  and  near  tlie  mirfaec;  of  tJie  cell  it  Ls  cojideiL^cd^ 
iukI  a  fin*?  network  stretrlies  toward  the  reotre  of  the  cell,  iind  in  it  is  suspended 
tlie  nnclt^tis.  All  the  ho|)atic  cells  are  not  in  the  8anie  jihivse  of  activity  at  the 
Miwii'  time.  [AfanaHHiew  fijuls  that  if  the  formation  of  liile  in  the  liver  \^e 
inrretised  (^.f/.,  l>y  section  of  the  hcpatit'  nerves,  or  fee<ling  with  piriteids),  the 
cells  are  moderately  eailargetl  in  mm,  and  contain  numero^is  j^'rannles.  wldch  arc 
[ttoteid  in  their  natitre  ;  such  cells  resi<5t  tJie  action  of  caustic  pota-sh.  When  there 
is  a  i(rcat  f*>rmation  of  glyi  ogcn  (ixs  after  feeding  with  jM:)tiitoes  ajid  .nugur),  all  the 


¥\g.  229. 

IluiJiaii  liver-rt'llscontaiuiiig  oihglobviles,  L  ; 
iff  hns  two  ijULrlei. 


Fi^'.  230. 

Liver- ccUs  after  wilULokUag  food  for 
3G  liouj-s. 


studied  ill  Novt^mWn'— tin?  cells 

Finest  bli<?-<ai>iUajj'.    Kinc«t  bik-capl lUry  «H v W«] . 


cells  are  very  large  and  .sliari>ly  defined,  and  eontaiji  many  granules  of  glycijgeii, 
tlie  ccIIh  l>cing  .so  large  as  to  eoni press  the  capillaries.] 

[A.  J 11  frogs  the  appearance  of  tin?  liver-ecllH  vaiiti*  with  the  season  of  tlie  year.  Daring  tbe 
]M3riod  frorii  lltct.mlH'r  to  May— best  studied  in  Ajnil — the  evils  Jiiv  Hin.dl,  the  iiucU'i  Inrgr  ;  and 
tlio  eel  Is  Loiit'iia  very  little  or  no  glveogen.     In    the   peiiod  fruiu  Jaae  to  November — best 

are  mrge,  and  ^oataiij  many  giKnules  wliich  ait;  stained  l*y 

eo.siii  nod  iiigi-osiu.  They 
(contain  much  glyco>;en 
(most  ill  Deceaiberi,  and 
thcii  nuclei  are  Hiiudl] 

[The  cells  of  a  wiatiT 
frug*»  liver  contain  in  their 
pi tvtoplasiij  (1)  hyaline  grun- 
u]r&  of  glycogen,  usually 
arrQiiged  tf> wards  the  oultT 
|Mirt  ul  the  cell  neiir  tb«? 
l>li)od  -  veSM<!l ;  ( 2)  sen  1 1  e  re<l 
tlirougbout  tht'  prntoplftam 
of  the  lell  there  nmy  Iw  fine 
gmuuk"^  of  fat  or  oil  ;  tmd^ 
(3)  siuall  K'^^anlew  of  a  pro- 
teid  nature,  at  tht*  tuner 
jiart  of  the  cell  next  the  bij<* 
cttjiilUry,  The  laxt  named 
grant)lej^  ditoinii^h  during 
digestion,  and  new  ones 
a|i|>eiir  to  be  formed  in  the 
inteniila  of  digestion,  so 
that  there  ih  an  analogy 
luiiweeii  the  Hver-celb  in 
this  re^ittH;t  and  other 
ghiads,  e.g.^  imncreai*.  All 
these  stilnstQueea  tnay  lie 
recognised  eitlier  dirwtlv  or 
by  reagents  ;  the  glycogen  gives  a  ixsri-wine  colfiur  wilfi  ioiliiie,  and  the  fat  k  hlaekened  by 
mmk  acid,  while  the  proteid  granulej*  ttre  n^iit  alfHttd  by  osmie  acid,  b«t  disap^iear  in  caustic 
iKita-^h.  If  the  glycogen  U  diwinlvrd  out  hv  water  the  outer  ixntof  the  Cfll|U-otoplaam  ap|MNir« 
VACUO  late*!  If  a  nog  be  led  on  carhohydratea  tbe  cells  enlaige,  and  there  \b  a  great  accumula- 
tion of  glycogen  in  the  eel!,  ej*i>icially  at  iU  outer  junt,  so  a.H  lo  eoinprcRa  the  protoplai<ni.  The 
port-wine  reJM.'tioa  in  very  marked/    In  a  sinnnjer  frog,  or  a  starved  one,  the  cbtU  arc  vory 


Knelrci»  nf  a       Flneitt 
a  v**! -cell.     litli?-caiilll«r)-. 

Fig,  23  L 

Blood -capillaries  ;  finest  hilc-capi  Harks  or  canalicnli  tu  their 

relative  ]xwitioij  in  a  rahhit*a  liver. 
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siuan  and  tlevoirl  nf  *^lycogin.  In  one  M  011  iirotcids  there  is  little  or  no  glycogen^  and  the 
vAh  niT  HiiiaiU  r  arid  very  gramilur] 

[B.  MammalB. — Much  tlie  .saiiip  changes  oocur ;  but  in  one  f<Ml  on  earl>o-liydrftt4?s  the 
glycMjgetj  accumiilftto«  in  the  protoplasm  nronnd  the  nudeus,  and  spreada  out  towanls  tho 
penphery,  le:iviuj(  a  uonipressi^d  cru8t  uf  jiroto]>lasoi  mitside  it.  If  the  glveogeu  be  dissolved 
out,  wide  VHJt'Ur)liyi  boiiiided  by  ihit-adi*  of  protophisui  iwe  tv^an  in  tlie  eefls,  lu  the  starred 
uuLiniual  the  cf  Us  geiierally  are  like  tbone  of  tlie  hog  under  similar  coiaditions.  j 

[Action  of  Drugs  on  the  Liver-CellB.— .Sm^ie  substance*  excite  tlie  etdls  to  activity,  and 
cause  them  to  prejieut  the  iiiipearame  of  otdls  la  activity,  f.g.^  pih>r_'aridii,  !iiu,seaviu»  aloes  ;  leafl 
HO  Malieylatc  and  benxoate  of  soda  aud  rhubarb,  while  utro|un  and  lead  aectate  inhibit  tlie  mgnB 
of  activity.  Tbeso  rpsults  were  ohtaiiifd  iu  the  horjw  by  ElleubergC'r  nud  Baum.  [Stobiikow, 
by  using  the  tjuadniple-Htaiiiing  method  of  Gairle^  finds  that  the  hepatie  celk  of  the  frog 
undergo  remarkable  changes  in  poisoning  by  phosphorus.  It  is  well  known  that  this  dru^ 
]>Fodnce.s  fatty  degeneration  of  the  bvcv-f^ells,  but  a  dtTper  study  hIiowh  tbat  tbe  changes  are 
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Fig,  2a2. 

J  Vfir- eel  Is  of  frogs,     n,  early,  and  ft,  lute  stage  in  poisoning  liy  phosphorus;  *%  liver-eell  of 
frog  getting  water  only;  d,  getting  augai;  timl  i',  poptoue  {StirHmj  n/trr  Stolnikoic). 

Ixith  histological  and  cbemical.     Bejiide*  pmdming  remarkable  ehauges  iu  tlie  piotophksm  of 
dl,  the  piotopla«m  oi  the  naelcus,  in  the  fortn  of  small  masses  called  plasmoi^oma,  passes 


the 


out  into  the  celbbody,  perhaiN*  to  renew  the  lat  ter.  The  celln  are  increased  in  size,  both  after 
jKiisouing  with  j[>Ijo«phonis  and  after  exinion  of  the  fat  bodies  in  llic  frog  (fig,  *232).  The  fat 
nrcsent  in  tbe  lirer  in  phosjibonis-poisoning  is  not  i*reaent  fm  dro|tl('ts  of  oil,  but  jnoljably  in  a 
loose  combination,  i.g,y  lecithin,  und  as  a  matter  of  fact  the  ainount  of  liverdeidtbin  is 
extraordinarily  inereased.  There  is  also  an  inereai^e  of  tlie  nuclei ti  ;  while  glycogen  h  ahneut 
{A.  Louinnf}.     Antipyrin  nlso  provinces  ptrofouiKl  changes,  i»j>pecially  in  the  nuLdeiJ 

4,  The  Bile-Buctfi. — Tho  iim>Ht  liili^capillario.s,  cliftiuicdp,  or  canaliculi  arise  nt 
the  centre  of  tln^  hdaiks  ami  imleed  tl  11*0 iigho lit  tho  whole  lobolo  they  fonu  a 
regular  anastomosing  netwiuk  uf  very  fine  tuben  or  clianiiids,  Ea<  li  cell  la 
^urrountltMl  by  a  ]n »1  y gm nil— n snail y  hexagonal — me^h  (iigs,  233 ^  3,  234).  The 
liik'-c  apillaries  jilwayn  lie  in  the  middk  of  the  snrfaee 
between  two  adjoining  cells  (fig.  227  II,  («)»  where  they 
form  atjtnal  intercellular  passages  (fig.  231 ).  [Acconl- 
ing  to  some  tibwervers,  they  are  mciroly  excessively 
ntirraw  channels  (1  to  2  /a  wide)  in  the  cement 
>*nhHtiinc'e  between  the  cells,  while  ricconliiig  to  others 
they  have  a  distinct  dedicate  wall  The  liile-i'apillury 
network  is  much  closer  than  tbe  Idoodcapillary  net- 
work- Thns,  there  are  fhrefi  networks  within  each 
lobide*— 


Fig.  233. 

1,  liiver-cdl,  during  foisting; 
'2,  ctjutainiiig  massvH  of  gly- 
cogen ;  3,  a  liver-ecdl  sur- 
rounded with  hile-ehannela, 
from  which  fine  twigs  pm* 
ceed  into  tbe  cell-subatanc© 
to  end  in  vacuolus. 


{1)  A  network  of  hi ootl -capillaries  ; 

(2)  „  liver-celts ; 

(8)  ,,  bile-eapillanes  ;  {fig.  231). 

[Tbe  iutralobulat  bile  capillariei^  in  man  lie  between  two  ctdls,  but  in  the  frog  the  tdiannehi 
lie  at  the  junction  of  >*everal  hepatic  cells,  a  fact  best  seen  whert^  the  liile-cupillary  is  eut 
transvei-Hely.J 

Excessively  nimnte  intracelltUar  passages  an-  said  to  pass  from  the  bile- 
cajdliarieg  into  the  int-f^rior  of  the  lirercelLs,  where  they  conmuniicate  with 
certiun  smull  cavities  or  vacuoles  (jUp^  Knpfer)  (tig.  233,  3).  As  tbe  blood- 
cnpillariea  nui  along  the  edge  of  the  iiver-eells,  am!  the  bile -capillaries  between 
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ARRANGEMENT  OF  THE   BILE-DUCT«. 


[Sec.  17a 


tlio  oppoBcd  s^m-faces  of  adjacent  im?11s,  the  two  systeniB  of  CiiimU  uitluu  the  loliule 
are  kept  separate.  Some  l>ile-eii|)ilh\ric\s  run  along  the  etlges  uf  the  liver-celli?  in 
the  liuman  livefj  especially  during  embryonir  life.  Towanls  the  j>eripheral  part 
of  the  lobule,  the  liile-eapillanes  are  larger^  while  adjoining  ebantiek  anastoinoiJO, 
and  leave  the  loliuh%  where  they  1  teconie  interlobular  ducts  (lig,  227^),  which  join 
with  c»tlier  &«iniilar  diict^  U*  form  larger  interlobular  Inle-iluets.    Thej<e  accompany  the 
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fig.  231. 

Blood- veKstU  of  rabMt'^  livur  iriji'Cted  with  carniiao  (je^l).     The   bile-<itint,s  iiad  intralobuUr 
bile-i«|iilUnoa  are  blue,  beiug  tilled  with  a  iiutural  hyectiou  of  ssulph-iudigoUte  ofaoda, 

hejwtic  artery  and  portal  veinj  and  leave  the  liver  at  the  trjmsverso  fissure.     The 
finer  iiitmlobular  dueUn,  unlike  ducts  genendly,  fre<[tiently  anast*»iaose  in  CiHsstni's 
capsule,   postW!ss  a  i4tTticturele.s.s  banenient  mt^ndnane,  and  arc  linetl  by  a  singU? 
low   polyhedral  epitlielial   cells.     The  Innjer  interlobular  tlucUs  havo  a 
disiinet  wall,  cfmsistiug  of  connective  and  elastic 
tis^iiie,  mixed  with  circularly -dinp^kied  snifM>tli  mus- 
cular fibres  (%.  235).     Caidllaries   are   mipfdicd 
to  the  wall,  wddch  is  h'ned   by  a  swingle  layer  of 
columnar  epithelium.     A  Huh-nnicosit  occui*s  *>nly 
in   the  hirge**t  bih-Hluct^i  and  in  the  gall-bladder- 
Smooth  mnscidiU"  tibres,  arranged  in  single  handles, 
occur  in  the  largest  ductn,  and  as  longitndjttal  and 
circular  layers  in  the  gall  bladtler,  whose  nuicons 
niendmme   is  provided  with   nuiaerons  folds  ami 
ilejires^ions.     Tbt^  mucous  membrane  of  tlie  gall- 
bladder is  jnttcd  and  the  muccais  nu^nhrane  lining 
it     The  epithelium  lining  it  is  cyliridrical,  with  a 
distint;!    clear  disc,  ami    between   these    cells   arft 
gobletrcells.     Small  branched   tubular  mucoua  glsjids  lk  c  ur  in   the  larger  biles- 
ducts  and  in  tbe  gall-hlailder. 

Yuft  ftberrantia  are  iiJokted  bile-ducts  whioli  otcar  on  the  HUrfaoe  of  the  liver^  but  have  no 
rektioa  to  any  syatcni  of  liver  lobulpw.  They  tM:ciir  nt  the  »harp  nmr^a  :^i  tho  livir,  in  tho 
regioD  of  the  iufeVior  vena  c^iva»  of  th<»  calJ -bladder,  and  of  tht»  parts  near  the  i*oiUl  tla-iun!. 
It  »e«niB  that  the  liver  lobulen  to  whitli  they  origiimlly  belonged  have  atrophuul  ttiul  dii^ 
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Fig.  235. 
iDterlobalar  bile-*luct  [hamaa). 


Sec.  173.]      THE   LY.MPHATIC.S   AND   NERVES  OF  THE   LIVER. 
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5.  The  lymphatics  Iw^^iu  as  pi^nrapiUan/  tubes  aroimtl  tliu  capillaries  within 
the  loljides,  eiaerge  from  tlie  lol>u!e,  and  niii  mfhin  the  wall  of  the  hniiiches  of 
the  hepatic  and  portal  veiiis,  and  afterwaixls  surround  the  venous  trunks,  thua 
fnrnnug  the  udtrlubular  lymphaties.  These  unite  to  form  larger  trunks,  which 
leavi^  the  liver  i>artly  at  tlie  portal  fis.sure,  partly  along  witli  the  liepatic  veins, 
and  partly  at  ditfcrent  points  on  the  surfare  of  the  orgaiL  There  is  a  narrow 
superheial  mesh  work  of  lynl]^hiltic.^  under  tlie  peritoneum — sidt-pmtojieaf — ^which 
communicalf*  with  the  thonieie  lyniphatie-s  through  the  triiingnlar  ligament  and 

spensorium,  while  nn  the  nuder  surface  they  conmiunicute  with  the  lymphatics 
the  interlobular  eonnective  tissue. 

6.  The  nerves  consist  partly  of  medullated  hut  (diiefly  of  non-uiedullated  hlircs 
from  branches  of  the  .sympathetic,  the  t4?rminal  branches  of  the  ri^dit  vagus,  and 
some  hranches  of  the  left  vagua  to  the  hepatic  plexuiij  the  hepatic  plexus  being 
that  part  of  the  solar  plexus  which  embraces  the  [lortal  vein,  bile-duct,  an<l  hepatic 
artery,  as  these  i>ass  into  the  liver  at  the  portal  fissure.  They  acconrpauy  the 
hrauclie.s  of  the  hepatic  artery,  and  gawjlia  occur  on  their  bmnches  within  the 
Ever.  Home  of  the  nerve-fibres  are  vaso-motor  in  function,  and,  according  to 
Pfiiiger,  other  iierve-fibres  tt^rminate  directly  in  connection  with  liver-cells. 
[MiicCallum  describes  an  iutcrlubular  plexus  of  non-medullati^d  filjres  in  man  and 
Menohmnchiis,  fi-om  which  a  jx-ri vascular  and  intercellular  plexus  proceeds. 
From  the  latter,  fibrils  piiss  to  terminate  within  the  wUh  near  the  nucleus.] 

Patholoe:ical. — Tlit;  coniiL'titive  tissue  between  the  lobules  may  undergo  grmt  iiiL-rease  in 
aiiiouTtt,  especially  in  alcoliol  and  gin  driiikeiH,  auJ  thiLs  the  substAOce  of  the  lobules  omy  be 
gietttly  comprcHsed,  owing  to  the  cicatrieittl  contraction  of  the  iiowly-foniiud  couiiective  tisauo 
(eirrlioaia  of  the  liver),    lu  siwli  iiiUTlobular  coiitiective-timiue,  newly-forme<i  biie-dwclts  are  found, 

Ligatuje  of  the  ductus  clioledocliUB  [can^ieii  cuUrgeuK'ot  of  the  Hpleuii  (rabbit),  and  a 
dimiuutioii  in  the  ninuber  nf  the  blood -eoripu^scles],  and,  after  a  time,  interstitial  infljimmfttion 
of  the  liver.  In  rabbita  and  guinea-iugs  the  liver  [lareuchyma  thHa|)|iea.rh,  and  iU  pkce  is 
taken  by  newly -fornied  eonnective  ti^iane  and  bile-duets  {Cltan-of  and  OtmiiMitdl).  In  all  theso 
cMses  of  int^erstitial  inflmnniation,  there  in  proliferation  of  the  ejutheliom  of  the  hile-dnct«. 

[Regeneration  of  the  liver— Tizzoni  linds  tliat  there  may  be  partial  regeneration  and  new 
formariou  of  UverdobuleK  in  the  dog,  the  nrocesa  tiding  the  ijanie  a»  that  which  oeeur»  in  the 
embryonic  devtilojuntjnt  of  the  organ,  i.e.,  the  growth  of  m.3lid  cylinder?*  of  Iiver-cellH,  formed  by 
the  pre-existing  liver-eelU,  which  penetrate  int*j  the  conneetive  tissue  uniting  the  edges  of  the 
wound.  These  cells  ultinnitijly  diiferentiate  into  hepatic  clIIs  and  bile-duets.  Other  obst-rversi 
attribute  the  new  forniation  to  outgrowths  of  the  epithelial  et-lls  of  the  bile-celisd 

[Excwiou  of  Part  of  Liver. — Nearly  three-Jbiirths  of  a  rabbit\s  liver  may  l>e  exciiied,  and  stiJl 
the  animal  may  live  in  apjiarent  health  for  niontba  or  even  a  year.  Thin  is  due  to  the  enor- 
mous regeneration  of  liver-tiaHue  which  takes  place.  Nearly  the  whole  bulk  of  the  organ  reniovei 
may  bt»  reprr>duced,  even  if  tbree-<]niirleis  of  the  liver  bt»  renjoved  iPoitJick).] 

174.  CHEMICAL  COMPOSITION  OF  THE  LWEBrCELLS. -( 1 )  Proteids. 
- — The  fre^h,  soft,  parencliynia  af  the  liver  13  aUiaiine  in  n?action ;  after  deaths 
coagidation  oecurs,  the  celhcoDtcnts  appear  turbid,  the  tissiie  becomes  frii^ble,  and 
graduall)^  an  acid  reaction  is  developed.  Thi.s  i>i*<»cess  ( losely  resembles  what  occurs 
in  muscle,  and  is  due  to  the  eoagiihition  of  a  myasin  like  body,  which  is  soluble 
during  life,  but  after  death  undei^ejes  spontaneous!  coagulation  (PioJtz).  The  liver 
contains  other  proteids;  globulinB  coagulating  at  45 \  .56"*,  ami  at  70*  C,  and  mere 
traces  of  a  cell-albumin  coagulating  at70  -7  3"  C.  Xueleo-album ins  aj » jiear  to  be  absent 
{Halfilmrfon).     The  nuclei  contain  nuelein.    The  connective-tissue  yields  gelatin, 

(2)  Glycogen  or  Animal  Starch.— 12  to  2*6  i>ev  cent—is  a  true  carbohydrate 
most  closely  relatetl  to  inulin,  a[>iK4rentIy  soluble  in  cold  wati^r,  but  |wrhap4i  oidy 
swelhng  up  in  water  y lidding  an  opalescent  sohitioti,  which  diftuses  with  dilfiiulty. 
It  his  the  fimnula  6(C^^Hj<^0^)  +  1I.>( »  [and  maybe  regarded  as  a  eoUoid-carbo- 
hydnitc]  It  is  stored  up  in  the  livto'-ceUs  in  amorf>hons  granulevS  around  t!ie 
luiclei  (fig.  233,  2)^  and  is  uniformly  distributed  in  all  jmrts  of  the  liver.  Like 
inulin,  it  gives  a  dec^p  red  or  iM/rt-whie  colotu'  with  solution  of  iodine  in  ioilide  of 
potassiuEi.     It  is  chatiged  into  de.xtrin  and  sugar  by  diastatic  ferments,  and  when 
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GLYCOGEN    IN   THK    LIVEH. 


[Sec.  174. 


ixiiletl  with  dilute  iiimei-al  acids  it  yields  grai>c  sugar  (4^  14H,  L;  §  170,  L;  §  252, 
IIL).  [It  apj^eai's  ttj  play  the  waiiie  [>art  in  aiiinial  mftiilx*li>^m  that  sUiruh  does  in 
the  iiietiibolifiiii  of  pluiit**.  Jt  repre,st!uts  a  aUii't  of  the  exce*i8  of  earhohvd rates 
stored  up  in  the  oi-giiiiisni  for  future  use.] 

Preparatloii  of  Glycogen.— [Feird  a  mhbit  oa  (viiTots  or  boHed  vkc  and  kill  it  t)^^!'  or  ut\\r 
boms  thcrtuii'tcT.  Ih^iaovt'  the  liven  imtnetiiately  altfr  licutii,  rat  it  into  fiin'  i>ii'cej*»  nnd  pliico 
these  in  boHimj  water,  aiitl  boil  it  for  some  tiaie  ia  order  t<i  obtnia  a  watery  t'xtmct  of  I  he  liver. 
Thf  botliag  water  destroys  the  ferTneiit  sapiiosed  to  be  pre.seat  in  the  liver,  which  woahl  traiis- 
foriii  the  glyco^i^ii  into  grajwi-.sa^r.  T*i  th«  fold  filtinte  me  added  alternatrly  dibit*  h}dh> 
cbloric  acid  and  potasaic-tiiercarie  iodide,  which  |>iec"i[titatf  the  proteids.  Filter,  whtni  a  elear 
Opalescent  fluid,  cmitaiiiia^  tlie  glycogen  ia  sobition,  in  obtained.  The  glycojjjen  i«  prtvipitate*! 
from  the  filtrate,  a^  a  white  amorphous  powder,  on  adding  aa  excvHs  of  70  to  80  p>'r  e^^iit, 
aleolioK  The  |ireeipitate  Ls  Wiwhed  with  60  per  e^iit.  mid  afterwards  with  95  percent,  akohol, 
thea  witli  c-therj  and  lastly,  with  absolute  alcohol  ;  it  is  flriwl  over  fiulphune  ncid  and  weigbecl 
{Brikkt).  Kiilz  iiuulitieH  the  aiethorl  somewhat,  Aft^^r  htaliiig  the  liver  for  ball  aa  hour,  it  Is 
rubbed  up  witb  Uquor  jKita*«ie  (100  gnu.  liver,  4  gitu.  KHO).  Evaporate  on  a  water  batb 
uutil  all  is  disi^olvcd,  which  occurs  in  about  3  hours.  After  cooling,  nt-atraHac  with  HCl  aial 
piecipitate  the  itroteids  .is  above.  The  glycogen  is  preci  j>itated  with  &6  pr  cent,  alcohol^  i.e. ,  tin  til 
the  8olutioa  coataias  60  per  t'^iit.  of  akolii»l.  F.  Eves  UHsert^i  that  tbi*  pmi-mm-trm  c<ia version  of 
sugar  in  the  liver  is  not  attributable  to  a  ferment  action,  and  the  rapid  appearance  of  angar  in 
the  liver  after  death  is  due  to  the  spedfic  laetalKdic  .letivity  of  the  dying  cells  (p.  31&).] 

Sources, — Those  havr*  been  variously  .ntiited  by  different  oWrvers  to  be  the 
Cfirlaihydrates  of  the  f<M:nl  {Part/) ;  glycerin^  tauriii,  and  glycin  (the  latter  spHttin^^ 
into  glycogen  ami  urea),  the  proteids  {CL  lietmwd)  ;  find  gelatiii  (Sctlomon).  If 
glycogen  h  derived  fn^ni  the  alhuiuins^  it  must  lie  formed  from  a  non-nitrogenoim 
derivativi^  thereof. 

Rohnmnii  found  that  the  uae  of  aiaiiit>tita  carbonate  and  nnpAi'sgin  or  glyciii,  along  witli  a 
carbohydrate  diet,  in  rabbits  conaidcmbly  increased  the  foruiation  of  glycogen.  The  acid  formeti 
in  excessive  amount,  ohnta-ved  by  Staiielaiaim  in  dialtetes^  aniteu  wita  the  amiaoniA  and 
diminishes  considerably  tho  fonnatian  of  glycogen. 

EffectB  of  Food.— Rabbits,  who.se  livew  have  been  rendered  free  from  glycogen 
by  stin viitioii,  yield  iww  glycogen  from  tlteir  livers  when  tliey  av^  fed  with  t-ane- 
ftiigar,  grape-sugarj  inaltosij,  or  ytamli.  Active  nuiscnlar  movenienti*  80on  make 
the  liver  of  dogs  free  from  glycogen ;  oxfioHure  to  rold  diminishes  its  amotint. 
Dextrin  and  gmpesngar  ot'ctu'  in  the  dcnal  liver,  but,  in  addition,  soirn^  glycogen 
is  fonml  for  a  considerable  time  after  death  in  tlie  liver  and  in  the  muscles. 

[Pfltiger  regards  the  fornmtioii  of  glycogen  from  jiroleids  as  a  »yutht^tic  process.  Th«?  mole- 
cular gl'onp  (CHg),  pre^ait  beth  in  albumin  and  the  fatty  acids*,  mast  be  changed  into  CH.OH 
by  oxiciation.  Thip  tells  which  cause  this  fornmtioii  can  also  make  une  of  these  groups  C'H.OH, 
where  they  tiud  tbfcni  already  present,  as  in  sugar  and  glyceriu.  In  tbia  way  the  formation  of 
glycogen  from  moleculwa  derivtd  from  various  aonrces  is  jmalogous  to  tbc  tbiinatiou  of  l^it  from 
carbohydrates  or  from  proteids  (§  241).] 

If  glycogen  is  injected  into  tbe  bkxMl,  aehr<^»odextHn  appears  in  the  urine,  and  iil»o  h»emO' 
globin,  as  glycogen  dissolves  red  blootbcorpuscles.  Ligature  of  the  bile-duct  eaunes  decrease  of 
the  glyeogcn  In  the  liver, 

Omer  SitoationB.— Glycogen  la  not  confined  to  the  liver-cells  ;  it  cx^eiira  during  fcetal  life  in 
All  the  tissues  of  tbe  body  of  the  embryo  finchiding  tbe  endjryonic  skeleton],  ia  young  animals 
{Kahnc)^  the  placenta  [in  the  epitbehal  cells  between  the  fci*tal  and  materDal  tisAues]  [Binrttard), 
It  occura  tu  large  amount  in  the  Hver  duriog  intra-uterine  life,]  In  the  a<iult  it  occurs  in  the 
j  tfaticle,  in  the  inuiscles  [MacDmind,  0,  Nasse)^  iu  numerous  ]:iathological  f products,  in  inflrinie<l 
lungs  (Kuhm),  and  also  in  the  corresponding  tissues  of  the  lower  aiiiuials.  [It  also  occurs  in 
the  chorionic  villi,  in  colourless  blood'Corpusclca,  ia  fresh  pus  cells  which  still  exhibit  ania^boid 
TOoveraenLs,  and  in  fact  ia  all  developing  unimal  cells,  with  annreboid  movement  ;  the  outer  root- 
tbe^th  of  a  hair-folhele  (iVrfT.-wr)  ;  it  is  a  ncver-failing  constituent  in  c?artilage,  and  in  the 
iauscle«  and  liver  of  invertehrata,  such  as  tbe  oyster.  Then^  ia  none  iu  the  fi'esh  brain  of  tl»*' 
dog  or  rabbit,  but  It  \h  found  in  tlie  braia  in  diauetic  coma  {AhtJc^),] 

Modifying  Conditions. — If  to  a  diet  of  proteids  thert?  Ix*  a<.hled  large  qtmntitiea 
of  Htiireh,  milk-,  fniit-,  or  cane  wugar,  or  glycerin,  tho  union nt  of  glycogen  in  the 
liver  is  very  gnratly  increased  {U>  12  per  cent,  in  the  fowl),  with  a  pnix?ly  albununoua 
diet  tliere  is  loss  glycogen,  wliile  a  purely  fatty  diet  diminishes  it  enormously. 
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During  liunger  it  may  disappear  entirely.  The  injection  of  sugar  or  glycerin  into  a 
mesenteric  vein  of  a  starving  rabbit  causes  the  liver,  previously  free  from  glycogen, 
to  contain  glycogen  (Naunfpi),  [It  rapidly  disappears  from  the  liver  of  a  rabbit  by 
the  action  of  cold,  e,ff,,  cold  baths  and  cold  air.  It  would  seem,  therefore,  to  be  a 
source  of  heat.  Glycerin  increases  it,  and  also  prevents  the  post-mortem  change  of 
glycogen  into  grape-sugar.] 

[Effect  of  DmgB  on  Glycogen. — Arsenic,  phosphorus,  and  antimony  destroy  the  glycogenic 
function  of  the  liver,  no  glycogen  being  present  in  the  liver  in  animals  poisoned  with  these 
diiigs,  so  that  puncture  of  the  noor  of  the  fourth  ventricle  no  longer  causes  glycosuria  in  them. 
In  animals  poisoned  by  strychnia  or  curare,  it  is  greatly  diminished,  both  in  the  liver  and  in 
the  muscles.     Sugar  is  always  present  in  the  urine  in  the  latter  case  but  not  in  the  former.] 

During  life,  in  the  intervals  of  digestion  luider  normal  conditions,  the  glycogen 
is  slowly  and  gradually  transformed  into  grape-sugar,  and  the  latter  passes 
into  the  hepatic  vein.  The  normal  amount  pi  sugar  in  blood  is  0*5  to  1  per  1000, 
although  the  blood  of  the  hepatic  vein  contains  somewhat  more  [•2-*28  per  cent.]. 
A  considerable  amount  is  transformed  into  sugar  only  when  there  is  a  decided 
derangement  of  the  hepatic  circulation,  and  in  these  circimistances  the  blood  of  the 
hepatic  vein  contains  more  sugar.  The  glycogen  imdergoes  this  change  very  rapidly 
after  death,  so  that  a  liver  which  has  been  dead  for  some  time  always  contains  more 
sugar  and  less  glycogen,  the  grape-sugar  formed  corresponding  to  the  glycogen 
which  di8api)ears. 

[Glycogeny  or  Glycogenic  Function  of  the  Liver.— -The  fonnation  of  glycogen 
in  the  liver  is  intimately  related  to  the  general  metabolic  phenomena  in  the 
body.  In  1848  Bernard  found  that  a  considerable  quantity  of  a  reducing  sugar 
was  obtainable  from  the  liver  after  death.  In  1857,  however,  he  found  that  if 
a  liver  be  taken  out  of  the  boily  of  a  well-fed  animal  immediately  after  death  and 
analysed,  it  did  not  contain  sugar,  but  from  it  he  obtained  the  body  glycogen, 
the  explanation  of  liis  first  observation  being  that  the  glycogen  normally  existing 
in  the  cells  of  the  living  liver  was  rapidly  converted  into  sugar  after  death. 
Pavy  also  showed  that  if  the  liver  be  examined  as  quickly  as  possible  after  death 
it  contained  only  glycogen,  with  occasionally  traces  of  sugar. 

An  extract  of  a  liver  rapidly  removed  from  a  "  well-fed  "  animal  after  death 
always  presents  an  opalescent  appearance,  due  to  glycogen,  and  it  gives  all  the 
reactions  of  glycogen.  If,  however,  an  extract  be  made  of  a  liver  that  has  been 
removed  several  hours  previously,  and  especially  if  the  liver  has  been  kept  in  a 
warm  place,  a  decoction  of  such  a  liver  is  always  clear  and  contains  no  glycogen, 
but  much  sugar.  The  glycogen  has  after  death  by  some  action  or  other  been 
converted  into  sugar ;  the  agency,  whatever  it  is,  is  destroyed  by  the  temperature 
of  boiling  water.  It  was  suggestetl  that  the  conversion  was  due  to  the  action  of  a 
diastatic  ferment,  but  this  is  highly  doubtful.  Diastatic  ferments,  e.r/,,  ptyalin, 
when  they  act  on  glycogen,  convert  it  into  maltose.  Now,  the  sugar  which  is 
formed  in  the  liver  post-mortem  is  glucose.  More  probably  it  is  due  to  the  action 
of  the  living  protoplasm  of  the  hepatic  cell,  a  view  confirmed  by  Dastre  (p.  321).] 

[The  quantity  of  glycogen  in  tlie  liver  varies  in  different  spcies  of  animals,  even  under  the 
same  conditions  of  feeding,  kc.     MacDonnell  gives  the  following : — 

Ratio  of  weight  of  body  Percentage  of 

to  weight  of  liver.  glycogen. 

Dog,      .....            301  4-5 

Cat,       ....            .            19-1  1-5 

Rabbit,.            ....            36-1  37 

Guinea-pig,        ....            21*1  1*4 

Rat 26-1  2-6 

Pigeon, 44-1  2  5] 

[That  the  amoant  of  glycogen  present  in  the  liver  is  very  variable,  and  is 
especially  dependent  on  the  nature  and  amoant  of  the  food,  has  already  been 
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?*tateii  Prolonge4l  fasting  causes  it  Uj  Jisiipp*!ar  from  the  liver  entirely  in  clogs 
ill  fifteen  or  sixteen  dayd,  and  in  ra])l>its  in  five  iLiy^.  FeediJig  with  carbo- 
hydrates eausesi  the  gre4it<?8t  accvinmlation  of  glycogen  in  the  liver,  or  ratiier  a 
mixed  diet  conta^ining  sr»me  i>roteiili<,  but  witli  a  large  excess  of  Ci^rlxtliyilmtcs.  If 
!i  dog  or  fox  be  nUirved  nntil  all  glycogen  disa|i|jeiira  from  Its  liver,  and  tlK*n  be 
fed  on  flesh,  !.<•.,  proteidfi,  glycogen  ncennudates  in  the  liver ;  but  not  to  siich  an 
extent  m  occur?*  after  feeding  with  carhoiiyilratea.  The  glycogen  in  the  liver 
cannot  be  accounted  for  liy  tlie  Hmall  quantities  of  glycogen  that  are  present  in 
the  flei?h,  for  8mall  quantities  of  glycogen  are  formed  in  the  liver  even  on  a  diet  of 
fibrin,  or  gelatin.  It  seems,  therefore,  that  some  glycogen  may  Ix^  formed  from 
proteiils,  ami  we  know  that  when  proteids  are  syAli  up  under  certiiiii  conditions 
tlit-y  yield  a  nitrt»genous  iMxly  and  a  carbonHi-ont^iiiiing  non-nitrogenous  residue  ; 
the  latt*M'  may  probably  be  the  .source  of  the  glycogen  in  thiB  case,  FatB  are  in 
no  way  concerned  in  the  storing  up  *if  ^dycogcn  in  tlu^  liver.] 

[The  storing  iip  of  glycogen  in  al-^o  iiiflueiiueil  ]ty  tl^e  aeaaon  of  the  year  apart  from  the 
taking  of  foot!.  This  in  the  caae  in  the  frog.  Thcit"  h  a  coiiHi^iei  iible  stoiage  of  glycogvu  in  the 
liver  of  the  frog  ill  winter,  cv^eii  though  no  foml  haa  hceti  tdki*n  for  some  months;  ivhile  in 
suniKjer  the  liver  eoataiiis  very  little  ip.  U14).  The  storage  and  disapfMf'arance  of  glycogen  in 
the  frog'**  liver  are  nltiinately  dependent  on  trnipt-rature.  If  a  vviut<*r  fitig  In?  kept  wurni  for 
some  days,  its  litupat  it"  glvtio^c"  rapidly  diyjippears.  Froin  the  ahove  it  would  i*ef  in  that  glycogen 
may  >»  fornietl  indo[iondentl_v  of  matter  ohtainwl  from  the  lilimeptary  eanal.  The  material 
for  it-i  formation  muj^t  have  been  famished  from  some  juirt  of  the  frog  other  tlian  the  inte^ttn&l 
tJ-aet.] 

[It  18  obvious  that  the  liver  in  some  way  or  other  manufactures  glycogen  either 
from  the  carbuhydrates  or  pr<jteids  or  frum  buth  8Uiq>lied  to  it.  One  t!ieory 
miggevSts  that  the  sugar  carried  by  the  porUxl  vein  to  the  liver  is  dehydrated  or 
loses  water  and  is  convert«?d  iiit^>  glycogen,  which  is  stored  up  in  the  hejatic  cella. 
This  view  receives  a  certain  amount  of  confirmation  from  Bernard  a  experiment  of 
injecting  gnipc-sugar  into  the  jugular  vein,  when  the  sugar  wwn  excreted  in  the 
urini\  If,  however,  the  sugar  was  slowly  injecU^d  into  a  rectal  vein,  a  tributary 
of  the  i>ortal  vein — /.«.,  the  sugar  lunl  to  traverse  the  liver  before  it  njached  the 
general  circulation^ — none  of  the  sugar  apjieared  in  the  urine  ;  at  the  simie  time 
there  was  an  increase  of  glycogen  in  the  liver.  If  this  be  the  true  view,  then  the 
liver-cells  form  a  great  BtorehouBe  for  the  carbohydrates  during  dig<\stion,  while 
the  liver  regulates  the  amount  of  sugar  in  the  blcKKl.  It  is  known  that  if  the  »ug;ir 
in  the  blood  rises  above  a  certiiin  percentage  (more  than  0*5  jx'r  cent,  iu»nnal 
amount  005-01 5),  that  it  is  excreted  by  the  urine.  Considering,  then,  the  rapid 
absorption  of  sugar  from  the  intestine  during  digestion,  it  seems  necessary  that  so 
much  sugar  shouhl  nut  be  tlirown  continuously  into  the  general  circidation.  The 
liver,  on  tliis  theory,  catches  and  secures  the  sugar,  and  stores  it  up  as  glycogen* 
The  blcHjd  of  the  portal  vein  during  digestiiin  contidns  more  sugar  tlian  the  bei>titic 
vein,  but  the  hepatic  vein  in  the  intervals  of  digestion  contains  more  sugar — aliout 
twi(x'  as  much — than  the  ported  vein.  This  has  been  aseertiiined  for  the  hei^atic 
vein  ljy  eatheterisation  of  the  hepatic  veim  A  long  rtcxil>le  catheter  is  introduced 
through  the  jugular  vein  into  the  superior  vena  cava,  and  thence  into  the  inferior 
vena  cava ;  and  it  is  so  aiTanged  that  the  inferior  cava  can  be  occluded  below  the 
hepatic  vein,  and  from  tlic  latter  lilood  can  be  drawn  ofl'  and  analysetl] 

[This  increase  of  the  sugar  in  tlie  hepatic  vein  is  int^*r| *reted  to  mean  that  in  the 
intervals  of  digestion  the  liver  slo^vly  mid  steadily  re-converts  the  glycogen  into 
sugar,  and  disi  barges  the  lattt^r  into  the  hepatic  vein,  in  this  way  supplying  the 
neeila  of  the  economy  for  tliis  substance^  yet  preventing  the  i)ereentage  of  sugar 
in  the  bltKRl  rising  so  high  that  it  wouhl  be  excreted  by  the  urine.] 

[U  has  Tk-cu  suggesteil  that  th*_"  glycogen  in  the  liver  is  a  juelimiiiary  phase  in 
the  constructive  metal  *olisiii  oi  fat.  There  are  no  gooil  grounds  of  support  for  thia 
I'iewJ 
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[Muscle-glycogen.— Xext  lo  the  liver  itoccm'8  in  largest  an kjuj it  iii  the  musele8^ 
atifl  it  (lisui^tpeiii^  fruni  i^oiue  niiip^cles,  at  least  fhiring  starvation,  Kven  admitting 
that  it  isiliniinished  ihiring  the  working  of  a  nm8ch\  a  nuwcle  remains  cuutraetile 
without  glvf  <>j^*m  {S2B4).] 

The  diastatic  ferment  in  the  liver  is  snmll  in  ajmtnnt,  anil  win  \h}  oT^tained 
from  thf  i/xtmetof  the  li\'er-rells  hy  the  sajiie  means  as  are  ap|ilieahle  for  olttaining 
other  similar  fermentvS,  .s«eh  as  ptyalin  ;  it  do<?8  not  Hoem  to  he  formed  within  the 
iiverH'ells,  bxit  only  [trusses  very  rapidly  from  the  bhiod  into  them.  The  ferment 
seems  to  he  ra[)idly  formed  when  the  Itlood-stream  midergees  considerable  derange- 
in  out.  A  s^iinHlar  ferment  i.s  formed  wlien  red  blood-^-orpiLsele.^  are  dissolved 
(?fe/e/),  and^  as  red  blcKMl-eorpuseles  are  continually  deHtrii^eil  witliin  the  liver, 
there  is  on<^  source  fmiii  which  tlie  ferment  may  be  formed,  wlierel^y  minute 
quantities  of  sugar  would  bt^  continually  formed  ia  the  liver, 

[Dastre,  like  Eves,  whs  iioablo  to  find  a  tliiLstutic  formont  in  the  hver  capable  of  converting 
glycogt'ii  into  ^rane-sugar,  never tbeless,  he  a4lmit»  that  glycogen  h  convcrte<I  into  ghii'ose  m 
the  liver.  This,  ne  say^i,  h  ilue  to  the  activity  of  the  protopl^m  of  the  living  heimtic  celU, 
He  hua  found  an  mvert  ferment  in  tin?  liver.]  ' 

Aciioitling  to  Seegen,  the  blood  of  the  hef^tic  vein  contains  twice  aa  much  sngar  (0*23  |ier 
cent.)  as  that  in  the  jiortd  vt'iu  (0"11&  per  cent.)  ;  observations  on  tlogs  showed  that  the  blood 
fluwiog  through  the  liver  givea  up  over  400  grtna.  sngar  in  24  hrs.  Hence,  in  euraivom,  the 
great uiit  part  of  the  C  of  the  animal  food  must  |>iissi  into  su^far,  so  that  the  formation  of  sugar 
in  the  liver,  an^l  its  decoin]K)Hition  in  ths  blood,  or  in  the  orgJinH  traversed  by  the  blood,  nmst 
be  a  Viiry  ini|»ortaut  function  of  the  metabolism.  Seegen  is  iibo  of  opinioa  tbat  the  liver-glyio- 
gen  take^^  no  part  in  the  formation  of  BUgai-  in  the  Hver, 

[Blood  when  perfused  through  a  freshly  excised  liver  (or  through  the  kidneys,  langs,  or 
muftele.H,)  gains  lactic  neid  {Gaglw)^  Lactic  acid  seems  to  be  a  normal  constituent  of  thf  liver; 
at  leant  when  arterial  blood  or  sernni  is  perfused  tlirough  the  liver,,  the  outflowing  fluid 
Contains  lactic  acid  (t?rt(/^to).] 

(3)  Fatflj^n  the  fL»rm  of  highly  refractive  granidea,  occur  in  the  liver-cells,  as 
well  lis  frv'e  in  the  hile-dncts  ;  wmetimes,  when  the  footl  eentain^  much  fat  {m*ire 
alnindimt  in  drunkards  and  the  phthisical),  olein^  pahnitin,  stearin,  Mdatile  futty 
acids,  and  Rareobictic  acid  arc  foimd. 

There  are  also  found  traces  of  cholesterin,  minute  quantitieH  of  tn'ea,  uric  acid,  and  the  little* 
known  body  jecorin,  Cn^^^Hr^NsSP^O^u,  disicovt^red  by  Drechsel,  contains  S  and  P,  and  reduces 
alkaliue  solutions  of  co]ii>er  like  grHj>e'SUj^ar.  Its  function  ia  unknown,  but  its  reducing  action 
iDU«t  lie  homo  in  mind  in  couuection  witb  reducing  subatJinces  in  the  liver.  It  is  also  found  ia 
the  spltHen,  muscles,  and  blood  {Baidi).  The  liver  of  biiYla  contains  a  relatively  large  amount  of 
ttric  acid,  even  6  to  II  tiinea  as  much  as  the  hlood  {v.  tSchrmkr).  Loucin  (1  guauin)^  aarkin^ 
xatithin,  cystiu  and  tyrosin  occur  pathologically  in  certain  dis«asca  where  marked  uhemical 
decf fUi  pos  i  tion  s  occu  t'. 

[Fatty  degeneration  and  Infiltration, — Fatty  gianules  are  of  common  occurrence  within  the 
cells  of  tlie  liver,  constituting  fatty  infiltration,  and  when  not  too  numerous  do  not  seem  to 
interfere  greatly  with  the  fanctiona  of  the  liver-cells.  Fatty  iiartichs  occur  if  too  much  fatty 
footl  lie  ttikeuj  and  they  are  oommonly  found  in  the  liver.s  of  stalhfed  auiinals ;  the  welbkrjown 
jhUf^k-/oie  gfitm  h  largely  composed  of  the  livers  of  gees^,  which  have  been  fed  on  large 
amouuta  of  farinaceous  food,  ana  which  have  been  subjected  to  other  unfavourable  hygienic 
conditions*  Futty  granules  are  recognised  by  their  highly  refractive  apparance,  hy  tlieir 
solubility  in  ether^  and  hy  being  blackened  by  osmic  acid.  Even  in  heahdi  fatty  granule*  are 
freijuently  present  in  the  hepatic  ccU«,  especially  those  near  the  portal  vein.  During  lactation 
aiso  the  liver  contains  much  fat.  In  fishes  the  livor  always  contaiua  much  oil,  and  there 
seems  to  be  some  relation  between  the  activity  of  the  respirator}*  organs  and  the  size  of  the 
liver  ;  at  any  rate  in  fishes,  where  the  respiration  ia  less  active — and  the  same  ia  the  case  in 
flmbryos — the  liver  is  always  large,  while  birds  witli  very  active  reapiration  have  small  livers. 
If  a  dog  be  fed  on  oil  its  hep.itic  cells  readily  become  fatty,] 

(4)  The  inorganic  substances  in  the  hunmn  liver  are — pyta,^siniUj  srnlintn, 
cab'iura,  magnesium^  iron,  manganese^  1  Idoriin^  ond  i»h(>sphorie,  Hulphuric^  r  arhonic, 
and  wilieie  acids  ;  while  copjicr,  jtiiic,  lead,  mercury,  and  arsenic  may  he  accidentally 
deiHxsitod  iti  the  hepatic  tissue. 

[Timoni'tEeaction  for  Iron.— If  a  section  of  a  liver  (especially  of  a  young  animal)  hardened  in 
alcohol  be  treated  with  a  solution  of  jK>tassic  ferrtx-'yanide,  and  then  with  dilute   hydrocblorio 
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acid^  as  a  general  rnle  the  prepamtmn  becomes  bltifl^  even  to  the  uaked  eye  ;  but  failing 
that,  one  can  usually  see  with  tKe  mkroscope  granules  of  Pniftaian  blue  iu  tli«  protoplasm  of 
the  cells,  iudicatiugthe  pnuence  of  free  iron  oxide.]  {If,  as  is  very  ]»robabk,  the  oilc  pij^menta 
are  derived  from  a  derivative  of  Ivtefiioglobiii,  what  becomes  of  Ihe  iron  ?  There  are  numerotiji 
combiuRtious  of  iroij  in  the  liver,  soniif^  Mimplp,  c.g,^  oxidt-  uiid  phoapliate,  nntl  some  more  utable 
organic  combinations,  <\</,,  condnned  with  nudein,  (isan  iron-iniclein  called  hepatin  (g  247,  V,).] 

175.  BIABETES  MELLIT0S  AND  GLYCOSUBI A. —[Glycosuria  i^  cliar- 
aett'rised  by  the  presence  of  grape-sugar  in  the  urine.  According  to  Briicke  a 
trace  of  8ugar  exists  normally  in  nrine,  and  when  this  amount  is  vnereiised  we 
have  glycosuria.  When  the  normal  amonnt  of  grape-sngiir  in  the  blood  is 
mcreased,  grape-sugar  appears  in  the  urine.  The  blcwl  normally  contains 
0*05-0' 15  per  cent,  of  sugar,  that  of  diabetiCxH  0-22-0  44  |>er  cent  When  the 
l>creentage  of  sugar  is  artifieially  inereiLsed  to  0*3  |)er  cent.,  sugar  passes  into  the 
nrine,  Iu  diabetes  mellitufl,  grape-sugar  also  appears  m  the  urine,  hut  this  is 
really  a  serious  disease,  invi^lving  the  alteration  of  many  tissues,  and  distinguished 
by  profouuil  disturbance  of  the  whole  metalxilic  activity,  wliich  leails  Ui  numerous 
pathological  changes  and  ofteii  to  death.  The  apjiearatice  of  gmpe-siigar  in  urine 
does  nut  necessarily  mean  that  a  person  is  suftering  from  tliis  disease.  The 
abnormal  increase  of  sugar  iu  the  bloixl  is  tlic  cause  of  the  ap|>earance  of  sugar  in 
the  urine.  The  increase  of  sugar  iu  tlie  blood  in  diabetics  scema  to  be  due  to  the 
diminution  in  tlie  amonut  of  sugar  decomposed.] 

Temporary  Glycosuria. — The  form nt ion  of  large  (piau titles  of  grape-sugar  by 
ihe  liver,  and  it^  ptissage  intf*  the  blood,  and  from  the  blood  into  the  urine,  con- 
stitute glycosuria.  Extirpation  of  the  liver  in  frogs^  or  destruction  of  the  hepatic 
cells,  as  by  fatty  degeneration  from  pjisotiing  with  phos|>horus  or  arsenic,  does  not 
cause  this  condition.  It  occurs  after  the  injury  of  a  certain  part — the  centre  for 
the  hepatic  vaso-motor  nerves,  "  diabetic  centre  " — of  the  ftoor  of  the  lowtrt  fmrt  of 
f /if;  fourth  vnttrirU  at  the  level  of  tlie  origin  of  the  vagi  {CL  BernanVs  "piqilre  "). 
[The  animal  must  be  well  fed  previously,  and  the  urine  in  a  few  hours  wUl  not 
only  l)e  ioercJised  in  quantity,  but  contiiin  sugar.  The  amount  of  sugar  reAches  a 
maximum  and  then  decHnes  ;  tlie  urine  becomes  non  saccharine  in  a  day  or  two,  so 
that  the  glycosuria  is  only  teniporary.  In  a  starved  animal  the  urine  will  contain 
little  or  no  grape-sugar.  Glycosuria  also  occurs  after  section  of  the  vagi,  so  that  the 
vagi  are  not  tlie  cinmnels  through  which  the  influences  are  conveyed  to  the  liver 
to  excite  glycosuria,  Tlie  piijftre  is  effective  even  after  section  of  the  vagi.]  It  also 
occurs  after  sectioii  of  the  vaso-mofcor  channels  in  the  spinal  cortl,  from  above  down, 
as  far  m  the  exit  of  the  nerves  for  the  liver,  viz.,  to  the  hmihar  region,  and  in  the 
frog  to  the  fotnth  vertebra  {Schlff).  When  the  vaso-motor  jierves,  which  proceed 
from  this  centre  to  the  liver,  are  cut  or  paralysed  in  any  jmrt  of  their  course,  melli- 
turia  or  glycosuria  is  produced.  All  the  nerve-channels  do  not  run  thn^ugb  the 
spinal  conl  alone,  A  number  of  vaso-motor  nerves  leave  the  spinal  cord  higher  up, 
pass  into  the  symj^ii  tlie  tic,  and  thus  reach  the  liver ;  so  that  destruction  of  the 
superior  {Pavy}^  as  well  as  of  the  inferior  cervical  syni|iathetic  giinglion,  and 
the  first  thoracic  ganglion  (Erfiii/trfi)^  the  alxlominal  gangHa,  and  often  of  the 
splanchnic  itself,  {)roduccs  it.  The  paralysis  of  the  IjIoimI- vessels  caust^s  the  liver 
to  contain  much  blood,  and  tlie  intrahepatic  bloodstream  is  slowed.  The  disturb- 
ance of  the  circulation  causes  a  gre^it  accumulation  of  sugar  in  the  liver,  as  the 
blood-ferment  has  time  to  act  upon  the  glycogen  and  transform  it  into  sugar.  By 
stimulation  of  the  symiuithetie  at  the  lowest  cervicjil  and  first  thoracic  gangHon^  the 
hepatic  vessels  at  the  periphery  of  the  liyerdohules  liecome  contracted  and  pale 
(Ctfoti).  It  is  reniarkalde  that  glycosuria  when  jireseiit  may  bo  set  aside  by  section 
of  the  splanchnic  nerves.  This  is  explained  by  supposing  that  the'enormous  dilata- 
tion and  congestion,  or  the  hyperiiemia  of  the  abdominal  hlood-vessels  tlierehy  pro- 
duced, renders  tlie  Uver  auBemic.     The  vasculaiity  of  the  liver  produced  by  the 


Sec.  175.] 


CAUSES   OF   GLYCOSURIA. 


injury  to  the  fourth  ventricle  may  beilue,  liot  to  jMiralyi^i:*  of  vajso-coiistricti>r  nerves, 
Init  to  -stiiiuikitiuti  tif  viLsoHlilntor  tibrtvs.     Tlii.s^  liowcver,  lias  not  lM"i>n  proved* 

[A^  U>  the  path  of  the  nervous  impulses  fr^>iu  the  nieflulla  ohhjugata  to  tlit* 
liver  tht^re  is  ^^reat  uriuertiiiiity.  A.s  already  stated,  they  do  not  pa.ss  through  the 
vagi.  They  certainly  pass  down  tite  tervioal  spinal  cord,  then  leave  thti  conl  to  j^asa 
into  tlie  synipathetie,  Cyoii  .stalled  that  they  enter  the  lowest  cervieal  ganglion,  and 
pass  through  the  annulns  of  VieiLssenj^  to  thetir.st  dorsal  ganglion  imd  then  throtigh 
the  synipathetie  to  theradiae  |dexuSj  and  hy  the  hepatic  plexus  Ui  the  liver.  As 
we  have  seen,  sc<  tion  of  certain  of  these  nerves  producer  diabete.*?,  but  seetion  of 
the  s[»lauLdinic  nerve  doe«  not  alwaya  do  di>,  although  it  give.s  ri.se  to  vaso-niotor 
panilysis  f>f  the  heiwitic  vessids.  It  i«  to  lie  renieinber»}d,  however,  that  seetit^n  uf 
tlie  8planchnics  paralyses  the  alnlon dual  blood-vessels,  and  it  may  be  that  the  gi^eat 
sUfluunt  of  vaso-motor  paralysis  thereby  produced  interferes  witfi  the  vehndty  of  the 
blocHl-atreani  through  the  liver.  It  is  also  to  be  remenibered  that  the  Viuso-motor 
theory  ol  glycosuria  is  by  no  meana  proved.  The  supposition  that  the  nerves  act 
directly  on  the  hejiatic  cell  protoplasm  is  by  no  means  excludecL] 

[Eeflei  Production  of  Glycosuria. — Couliaued  Btitji illation  of  perifilieral  nerves  may  act 
irjttj'hf  upon  thi*  centre  tor  the  vasomotor  nerves  of  thii  liver.  Diaoott^s  has  iicen  observed  to 
ocA^uT  alter  atimulatioii  of  the  central  end  of  the  vagu-s  {CI.  Bicnutrd)^  and  also  after  sti inula 
tion  of  the  central  eml  of  the  (lej'ressor  nervo  {Fikhn^').  [Neuritis  of  the  vagus,  pnnhiced  by 
injection  of  lycojiodiuni  or  eryton  oil,  into  the  nerve  trunk  or  by  tbe  actiou  of  a  lij^^ature  is 
followed  by  glyciAsaria,  which  Tiiay  Inst  with  intennissioua  for  a  TQoath  {Jrifntud  nud  BuUe),} 
Even  Hcction  and  subspcpient  attniulation  of  the  central  end  of  the  sciatic  nerve  cau^ses  diabetes. 
This  may  explain  the  occurrence  of  dia betels  in  |ioople  wbo  sulfer  from  sciatica,  [It  may  occur 
also  after  |>ervert«d  nervoius  activity,  as  |i(ivchical  excitement,  neuralgias  (sciatica,  tri-^eminal  or 
occipital),  concuission  of  the  brain,  a^  well  as  after  certain  injuries  tn  the  skull  and  vertebral 
column  and  some  cerebral  iliseai^es-} 

Other  Cauflea  of  G^lycoauria.  —  Actio rding  to  SchilF,  the  atagnntion  of  blood  in  other  vascular 
regions  of  tlie  Itoily  may  c^u^e  the  ferment  to  iiccutnulatt}  in  the  blood  to  sucb  an  extent  that  diabetes 
occurif.  Tlic  glycosuria  that  occurs  after  compression  of  tbe  aorta  or  |M>rtal  vein  may  i>erhai)a  he 
ftBeribcd  to  this  cause,  hut  perhaps  tbe  pressure  caused  hy  tbese  i>rcH"t'durca  may  paralyse  certain 
nerves.  According  to  Eckhanl,  injury  txj  tbe  vermiform  process  of  tbe  c^'reliellum  of  the  rabbit 
tauses  diabete»»  [nnd  m  iloea  injury  to  tbe  c«r«bral  peduncles  and  jxais  Varolii].  In  man,  aflbc- 
tionn  of  the  abova-umned  nervous  refjioas  cause  diabetes.  [Coniplete^  extir|»ation  of  the  pancrcau 
in  doga  causea  ^l^coaurk  {v.  Mcrinij),] 

[In  mont  individtmk  the  u»e  of  a  large  cptantity  of  sugar  In  the  food  h  not  followed  hy  the 
appi'arance  of  sugar  in  the  urine  ;  hut  in  Home  exceptional  cases  tt  is  often  present,  e.g.,  in 
l>er8onsi  .suffering  from  gastric  CJitarrh,  especially  if  they  are  gouty.] 

A  number  of  poiBOns  wbicli  jiaralyse  the  he[iatfc  vaso-motor  nervejs  prmhice  diabetes  ;  curare, 
CO,  amyl  nitrite,  ortho-nitro-propionic  aciiJ,  and  metbyl-delphinin  [phloridzin  {v.  Mcnng}] ; 
le86  certainly  morpbia*  chloral  hydrate,  HCN,  and  some  other  drugs  ;  and  some  infectiouii 
diacAaefl.  But  congc8ti*>ii  of  tbe  liver  produce<l  in  other  way*  a[ijH^r»  to  cause  diabetes,  e.g., 
after  raech an ieal  stitiuiktion  of  the  Hver.  To  tbia  ela^ts  belotigs  tbe  injection  of  dilute  ^ahtie 
solutions  into  the  blood  {Bock  Ilfifntaim)^  whereby  either  change  in  form  or  the  sohition  of  tbe 
coloitred  hlomPcorpuitcle^  causies  the  con^eation.  Tbe  circumstance  that  repeate<l  blood detting 
makes  tbe  blood  richer  in  sugar  may  perba|»s  lie  explained  by  tbe  slowing  of  the  circulation. 

[Curare- poisoning  causes  glycofturia.  This  is  not  due  to  the  artiticial  respiration  necessary  to 
keep  curariMed  animals  alive.  It  also  occurs  in  frogs,  and  in  these  animals  aeration  of  the 
hlooii  can  take  place  without  tbe  respiratory  uiovenientjj.  PMoridziii  is  a  glucoside,  and  it 
might  be  argued  that  the  sugar  rornie^i  under  it^  iiiHueuce  waa  derived  from  tlie  phloridzin  itjielf, 
but  the  same  effect  is  produced  by  phloretiOj  which  is  not  a  glucoside.J 

[Fhloridzin-glycoflurta. — Most  of  the  means  vvbich  produce  glycosuria  tn  other  animals  fail 
to  do  m  in  bii'ds  ;  even  the  pi»iure  rarely  produ^i^es  it  This  Tbiel  and  Minkowski  attribute 
to  the  intensely  active  oatidalion- processes  in  birds.  Phloridzin,  a  glucoside  found  in  the  root 
i!urtex  of  ap[deatid  cberry  trees,  causes  glycosuria,  even  after  extiipation  of  the  liver,  which  shows 
that  in  these  cases  there  are  other  causes  at  work  than  obtain  in  tbe  other  forms  of  glycosuria. 
rbIori<kin  makes  animals,  which  are  free  from  carbohydrat-t'S,  diabetic.  In  this  case  the  sugar 
must  be  dfrive<i  from  proteids  [v.  Mcrimj).  Fhloridzui  makc-s  dogs  diabetic  within  a  few  hours, 
hut  after  two  or  three  days  the  glycosuria  disap|jeam,  hut  then  tbe  liver  and  musclos  are  frtse 
from  glycogen,  Tbe  administration  of  more  plilorididn  caiuses  atill  more  sugar  to  be  excreted. 
This  must  proceed  from  proteid,] 

Xh&oretJcaL— hi  order  to  eicplain  the  more  immediate  cause  of  these  phenomena  several 
hyjMjtbcsca  have  been  advanced  :  — 
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(a)  The  liver-glycogen  may  be  transformed  unhindered  into  sugar,  as  the  blood  in  its  passage 
through  the  liver  deposits  or  gives  up  the  ferment  to  the  liver-cells.  So  that  the  normal 
function  of  the  vaso-motor  system  of  the  liver,  and  its  centre  in  the  floor  of  the  fourth 
ventricle,  may  be  regarded  as,  in  a  certain  sense,  an  "  inhibitory  system"  for  the  formation  of 
sugar. 

(b)  If  we  assume  that  normally  there  is  continually  a  small  quantity  of  sugar  passing  from 
the  liver  into  the  hepatic  vein,  we  might  explain  the  diabetes  as  due  to  the  disappearance  of 
those  decompositions — diminished  buming*up  of  the  sugar  in  the  blood,  which  are  constantly 
removing  the  sugar  from  the  blood.  In  fact,  diabetic  persons  have  been  found  to  consume  less 
O  and  to  have  aii  increased  formation  of  urea. 

Persons  suffering  from  diabetes  require  a  large  amount  of  food ;  they  suffer  greatly  from 
thirst,  and  drink  much  fluid.  They  exhibit  signs  of  marked  emaciation,  when  the  loss  of  the 
body  is  greater  than  the  supply.  [In  advanced  diabetes  the  glycogenic  function  of  the  liver  is 
almost  abolished,  as  was  proved  by  removing  with  a  trocar  a  small  part  of  the  liver  from  man, 
when  almost  no  glycogen  was  found  {Ehrlich).  The  absorbed  sugar  in  the  portal  vein  passes 
directly  into  the  general  circulation  without  being  submitted  to  the  action  of  the  liver  (r. 
Frerichs).^  In  severe  cases,  towards  death,  not  unfrequently  a  peculiar  comatose  condition — 
diabetic  ooma — occurs,  when  the  breath  often  has  the  odour  of  aoeton,  which  is  also  found  in 
the  urine.  But  neither  aceton  nor  its  precursor,  aceto-acetic  acid,  nor  fetfayl-diacetic  acid,  nor 
the  unknown  substance,  in  diabetic  urine,  which  gives  the  red  colour  with  ferric  chloride  (r. 
Jak8ch\  is  the  cause  of  the  coira  {Frerichs  and  Brieger). 

[Injection  of  Grape-Sugar  into  the  Blood. — When  ^rape-sugar  is  injected  into  the  jugular 
vein  of  a  dog,  only  33  per  cent,  at  most  is  given  off  m  the  urine ;  within  2  to  5  hours  the 
urine  is  free  from  sugar.  Even  within  a  few  minutes  after  the  injection,  only  a  certain  propor- 
tion (i-|)  of  the  sugar  is  found  in  the  blood  ;  part  of  the  sugar  has  been  detected  in  the  muscles 
liver,  and  kidneys,  but  the  fate  of  the  remainder  is  not  known.  Immediately  after  the  injec- 
tion, the  amount  of  hremoglobin  and  also  of  serum-albumin  is  diminished  (60  per  cent.),  which 
is  due  to  increase  of  the  quantity  of  water  within  the  vessels  ;  but  within  two  hours  the  normal 
state  is  restored  (Brasol).  In  a  curarised  dog  the  injection  of  grape-sugar  into  a  vein  increases 
the  blood -pressure,  but  this  eflect  is  not  observed  after  the  injection  of  morphia  and  chloral.] 

176.  THE  FUNCTIONS  OF  THE  LIVEE.— [To  understand  the  functions 
of  the  liver,  we  must  remenil)er  its  unique  relation  to  the  vascular  and  digestive 
systems,  whereby  many  of  the  products  of  gastric  and  intestinal  digestion  have  to 
traverse  it  before  they  reach  the  blood,  and  some  of  them  as  they  traverse  the 
liver  are  altered.  We  have  still  much  to  learn  regarding  the  liver.  It  has  several 
distinct  functicms — some  obvious,  others  not  (1)  The  liver  secretes  bile,  which  is 
formed  by  the  hej)atic  cells,  and  leaves  the  organ  by  the  bile-ducts,  to  pass  into 
the  duodenum.  (2)  The  liver-cells  also  form  glyco^g;en,  which  doe«  not  pass  into 
the  ducts,  but  in  some  altered  and  diffusible  form  passes  into  the  blood-stream, 
and  leaves  the  liver  by  the  hepatic  veins.  Hence,  the  study  of  the  liver  materially 
influences  our  conception  of  a  secreting  organ.  In  this  case,  we  have  the  products 
of  its  secretory  activity  leaving  it  by  two  different  channels — the  one  by  the  ducts, 
and  the  other  by  the  blood-stream.  The  liver,  therefore,  is  a  great  storehouse  of 
carbohydrate's,  and  it  serves  them  out  to  the  economy  as  they  are  required.  It 
prevents  the  blood  from  being  overwhelmed  with  sugar,  and  on  the  other 
hand  it  prevents  a  deficiency  of  this  impoitant  body  in  the  blood  (Bunge),  All 
this  j)oints  to  the  liver  as  being  an  organ  intimately  related  to  the  general 
metabolism  of  the  body.  (3)  In  a  certain  period  of  development  it  is  concerned 
in  the  fonnation  of  blood-corpuscles  (§  7).  (4)  It  has  some  relation  to  the 
breaking  u[)  of  blood-corpuscles  and  the  formation  of  urea  and  other  metabolic 
products  (§  20,  g  177,  3).  (5)  Some  imjwrtanco  is  attributetl  to  the  liver  in 
connection  with  the  arrest  of  certain  substances  absorbed  from  the  alimentary 
canal,  whereby  they  are  either  destroyed,  stored  up  in  the  liver,  or,  it  may  be, 
j)revented  from  entering  the  general  circulation  in  too  large  amount  It  is  possible 
that  ptomaines  may  be  arrested  in  this  way  (§  166).  [It  converts  the  poisonous 
aromatic  products  of  putrefaction,  e.g.^  phenol,  derived  from  proteids  in  the 
intestine,  into  harmless  comix)mids  by  conjugation  ^vith  sulphates  (§  262).] 

[The  liver  has  no  8]:>ecial  action  on  certain  mineral  substances  which  traverse- it  in  the  blood, 
e.g.,  potasisic  chloride,  hut  it  retains  the  vegetable  alkaloids,  provided  they  are  not  present  iu 
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too  large  an  amount  in  the  bloocl.     The  ptomaines  ai*e  similarly  retained  in  the  liver.     The 
liver  is  said  to  possess  this  property  only  as  long  as  it  contains  glycogen  {H,  Hogera).] 

[Heger,  in  his  experiments  on  the  artificial  circulation  of  blood  through  an  excised  liver,  found 
that  blood  to  which  an  alkaloid  (nicotin)  was  added,  after  being  pcifnwd  through  the  liver  lost 
some  of  its  nicotin.  Again,  a  dose  of  nicotin  or  hyoscyamine  that  proves  fatal  when  injected 
subcutancously,  does  not  do  so  when  it  is  injected  into  a  branch  of  the  portal  vein  {Schiff  and 
Laute)ibach).] 

177.  CONSTITUENTS  OF  THE  BILE.— [The  bile,  although  it  is  secreted 
continuously,  and  passes  along  the  heimtic  duct  in  most  animals,  is  only  ^wured  into 
the  intestine  at  certain  times.  In  the  intervals  it  is  carried  along  the  cystic  duct 
and  stored  up  in  the  gall-bladder.  At  certain  times  it  is  poured  out  by  the  common 
hile-duct  into  the  duodenum.] 

[Bile  is  a  yellowish-brown  or  dark-green  coloured  transparent  fluid,  with  a 
sweetish,  strongly  bitter  taste,  feeble  musk-like  odour,  and  neutral  reaction.  The 
.si)ecific  gravity  of  human  bile  from  the  gall-bladder  =1026  to  1032,  while  that 
from  a  fistula  =  1020  to  1011.     It  contains  no  proteids. 

The  following  table  gives  its  com[>osition  in  different  animals — 


100  part*  Bile  of- 


Pip. 


Water 
Solids' 


Bile,  salts,  lecithin, 
diolesterin,  fats, 
soaps,   . 

^lucus  and  pigment, 

Inorganic  salts. 


= 


86-3 

90-4      I 

88-8 

137 

9-6       ' 

11-2 

8-2   " 

8-0 

7-3 

2-5       ' 

2-2 

2-2 

0-3 

0-6 

0-8 

1-3 

ri 

Dog. 

Fmh 

Gall-blwldcr. 

Secreted. 

85-2 

95-3 

14-8 

4-7 

12-6 

3-4 

1-3 

0-5 

0-3 

0-2 

0-6 

0-6 

It  contains  — 

(1)  Mucus,  which  gives  bile  its  sticky  character,  and  not  unfrequently  makes 
it  alkaline :  it  is  the  i)roduct  of  the  mucous  glands  and  the  goblet-cells  of  the 
nuK'ous  membrane  of  the  larger  bile-ducts.  When  bile  is  expOvSed  to  tlie  air,  the 
mucus  causes  it  to  putrefy  nipidly.     It  is  precipitated  l^y  acetic  acid,  or  alcohol. 

[The  bile  formed  in  the  ultimate  bile-ducts  does  not  seem  to  contain  mucin  or  mucus,  but  bile 
from  the  gall-bladder  always  does,  the  difference  in  connx>8ition  of  bile  from  the  gall-bladder  and 
bile  from  the  liver-duct  being  shown  in  the  above  table.  The  bile  in  the  gall-bladder  is  more 
concentrated,  so  that  absorption  of  water  occura  in  the  gall-bladder.  The  mucus  is  partly  formed 
by  the  mucous  glands  in  the  larger  bile-ducts,  and  partly  by  the  cells  lining  the  gall-bladder 
(§  173).     It  is  not  a  true  mucin,  but  rather  a  nucleo-albumin.] 

(2)  The  Bile-Acids. — Glycocholic  and  taurochoUc  acids,  so-called  conjugate- 
acids,  are  united  with  soda  (in  tnices  with  potash)  to  form  glycocholate  and 
taurocholate  of  soihi,  which  have  a  bitter  taste,  and  rotate  the  plane  of  polarised 
light  to  the  right.  In  human  bile  (as  well  as  in  that  of  birds,  many  mammals,  and 
amphibians)  taurocholic  acid  is  most  abundant ;  in  other  animals  (pig,  ox)  glyco- 
cholic acid  is  most  abundant  but  is  al)sent  in  sucklings. 

(a)  Glycocholic  acid,  €.231143X0^,  when  boiled  with  caustic  potash,  or  baryta 
water,  or  vnth  dilute  mineral  acids,  takes  up  HoO  and  splits  into — 

Glycin  ( -  Glycocoll  -=  Gelatin  Sugar -=  Amido-acetic  acid)  -  CjHgNOj. 
-f  CholaUc  acid  (alsocalled  Cholic  acid)        .        .  ^Cg^H^oOs. 

-OlyoochoUc  acid  +  Water    •    .        .  .  -  CacH^aNOg  +  H^O. 

(b)  TaurochoUc  acid,  C^^H^^NSOp  wlien  similarly  tn^ated,  takes  up  water  and 
splits  into — 

Tanrin  ( -  Amido«»thyl-Sulphuric  acid)       -  CaH^NSO^ 

+  Oh^alic  acid . ,_ . -^Cu^tiPs- 

-Taurocholic  acid -I- Water.  ....        ''C^U^^^SOj  +  njJ  iSirtdMx\ 
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[Solatioiiit  of  taarocholic  acid  are  aDtiseptic,  and  if  soffidentlj  strong  inteiicre  witb  the  de- 
velopment of  bacteria,  and  prevent  the  alcoholic  and  lactic  fermentatioiis,  as  well  as  the  trjptic 
and  diastatic  action  of  the  pancreas  {Emiehy] 

Piepumtum  of  the  IKle-AddL— Erafjorate  bUe  to  |  of  ito  rolonie,  nib  it  up  into  a  psste  vith 
excess  of  animal  charcoal,  and  dry  at  100'  C.  Extract  the  black  mass  with  absoliite  alcohol, 
and  filter.  After  a  j«rt  of  the  alcohol  has  been  remored  bj  distillation,  the  bile-salts  are  pre- 
cipitated in  a  resinoos  form,  and  on  the  addition  of  excess  of  ether,  there  is  formed  immedlatelT  a 
crystalline  msfs  of  glancing  needles  (Plattiiei's  "  OTStalliMd  bile  ").  The  alkaline  nits  of  the 
bile-acids  are  freelj  soluble  in  water  or  alcohol,  and  insolable  in  ether.  Netiiral  lead  aeetate 
precipitates  the  el jcocholic  scid — as  lead  glycocholate — from  the  solution  of  both  aalta;  the 
precipitate  is  collected  on  a  filter,  dissolved  in  hot  alcohol,  and  the  lead  is  precipitated  as  lead 
solphide  by  H^S ;  after  removal  of  the  lead  sulphide,  the  addition  of  water  precipitates  the 
isolated  irlycocholic  acid.  If,  after  jirecipitating  the  lead  glvcocholate,  the  filtr^ite  be  treated 
with  l<isic  lend  acetate,  a  firecipitate  of  lead  taorocholate  is  lormed,  from  which  the  acid  may 
be  obtained  in  the  same  way  as  described  above  {Streel-rr). 

With  regard  Uj  the  decompositioii  products  of  the  bile-acids,  g^ycm,  as  such, 
does  not  occur  in  the  body,  but  only  in  the  bile  in  combination  with  cbolic  acid, 
in  urine  in  combination  with  benzoic  acid,  as  hippuric  acid,  and  lasUj,  in  gelatin 
in  complex  combination.  FThe  constitution  of  glycin  is  known.  It  is  the  same 
as  amido-acetic  acid  CH2(N'H2)COOH.  In  the  bodv  it  originates  from  proteid 
(Bunof).] 

Cholalic  add  rotates  the  ray  of  polarised  light  to  the  right,  and  its  chemical 
constitution  is  imknown.  It  is  insoluble  in  water,  soluble  in  ^cohol,  but  soluble 
with  difficulty  in  ether,  from  which  it  separates  in  prisms.  Its  crystalline  alkaline 
salts  are  readily  soluble  in  water.  It  is  coloured  blue  by  iodine,  and  occurs  free 
only  in  the  intestine. 

Cholalic  acid  is  replaced  in  the  bile  of  many  animals  by  a  nearly  related  add,  eg..,  in  pig*s 
bile,  by  hyo-cholalic  acid  {Sireeker) ;  in  the  bile  of  the  goose,  cbcno-cholalic  add  is  present 
{Jfarsson,  OUo).  [Cholalic  acid  obtained  from  the  bUe-acids  of  various  animals  differs  in  its 
compOMitioD.  The  formula  of  cholalic  add  from  human  bile  is  Ci8Hjg04,  while  that  from  ox 
bile  is  Cj^H^^Oj]. 

'NMien  cholalic  acid  is  boiled  with  concentrated  HCl,  or  heated  dry  at  200"  C, 
it  becomes  an  anhydride,  thus  : — 

Cholalic  acid        .         -=  C^^O^^  produces 

Choloidinic  acid  .         -^C^HsgO^  +  HtO,  and  this  again  yields 

Dyslysin  -C^H„0,+  H,0. 

Choloidinic  acid  is,  however,  not  improbably  a  mixture  of  cholalic  acid  and  dyslysin  ;  dys- 
lysin,  when  fu»ed  with  caustic  ix>ta8h,  is  changed  into  cholalate  of  potash,  of  oxidation 
cholalic  acid  yields  a  tribasic  acid,  as  yet  uninvestigated,  and  a  fair  amount  of  oxalic  add,  but 
no  fatty  acids  {CUvt). 

[Tanrin  is  derived  from  proteids,  as  shown  by  its  composition  and  by  the  sul^fhur  it  contains.] 

Pettenkofer's  Test. — The  bile-acids,  cholic  acid,  and  their  anhydrides,  when 
dissolved  in  water,  yiehl  on  the  addition  of  J  concentrated  sulphuric  acid  (added  in 
droi>8  so  as  not  to  heat  the  fluid  above  70*  C),  and  several  drops  of  a  10  per  cent. 
solution  of  cane-sugar,  a  reddish-purple  transi>arent  fluid,  which  shows  two  abeorp- 
tion-l^iinds  at  E  and  F  {Schenk).  [A  verj'  good  method  is  to  mix  a  few  drojw  of 
the  cane-sugar  solution  with  the  bile,  and  to  shake  the  mixture  until  a  copious 
froth  is  obtiiined.  Pour  the  sulphuric  acid  down  the  side  of  the  test-tube,  and  then 
the  characteristic  colour  is  seen  in  the  froth.  Any  albumin  present  must  be  re- 
moved before  applying  the  test.] 

Accorrling  to  Drcchsel,  it  is  better  to  add  phosphoric  acid,  instead  of  sulphuric  acid,  until  the 
fluid  is  Mynijiy,  then  add  the  cane-sugar,  and  aftem'ards  place  the  whole  in  boiling  water. 
When  investigating  the  amount  of  bile-acids  in  a  liquid,  the  albumin  must  be  removed  before- 
hand, as  it  gives  a  reaction  similar  to  the  bile-acids,  but  in  that  case  the  red  fluid  has  only  one 
absorption-band.  If  only  small  quantities  of  bile-acids  are  present,  the  fluid  must  in  the  first 
place  be  coiicentrate<l  by  cvai>oration.  Pettenkofer's  test  dei)ends  on  the  formation  of  furfnrol 
from  the  sn^ar  and  H2SO4,  furfural  giving  a  red  uith  the  bile-acids  {Mylius).  In  place  of  sugar 
a  1  per  cent,  watery  solution  of  furfural  may  be  used. 

/Hay's  Teat.— The  bile-acids  or  their  soluble  salts  lourcr  the  9U)faee4eHsioH  of  JiMids  In  which 
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they  are  dissolved.  Tlirow  a  small  quantity  of  salphnr  (sublimed  or  precipitated)  on  the  surface 
of  the  fluid  containing  bile-acids,  and  if  the  bile-acids  be  present,  the  sulpnur  will  at  once  begin 
to  sink,  and  will  be  wholly  precipitated  within  a  few  minutes.     {Privately  communieaUd.)'] 

The  bile-acids  are  formed  in  the  liver.  After  its  extirpation,  there  is  no  ac- 
cumulation of  biliary  matters  in  the  blood. 

How  the  formation  of  the  nitrogenous  bile-acids  is  effected  is  quite  unknown.  They  must  be 
obtained  from  the  decomposition  of  albuminous  materials,  and  it  is  important  to  note  that  the 
amount  of  bile-acids  is  increased  by  albuminous  food.  Taurin  coutains  part  of  the  sulphur  of 
albumin  ;  bile-salts  contain  4  to  4*6  per  cent,  which  may  perhaps  be  derived  from  dissolved 
red  blood -corpuscles. 

(3)  The  Bile-Pigments. — The  freshly  secreted  bile  of  man  and  many  animals 
has  a  yellowish-brown  colour,  due  to  the  presence  of  bilirubin.  [In  cases  of  human 
biliary  fistula  Robson  found  that  in  fresh  human  bile  the  pigment  is  biliverdin.] 
When  it  remains  for  a  considerable  time  in  the  gall-bladder,  or  when  alkahne  bile 
is  exposed  to  the  air,  the  bilirubin  absorbs  0,  and  becomes  changed  into  a  green 
pigment,  biliverdin.  This  substance  is  present  naturally,  and  is  the  chief  pig- 
ment in  the  bile  of  herbivora  and  cold-blooded  animals.  [Both  pigments  behave 
like  acids  ;  they  form  soluble  compounds  with  the  potassium  group,  and  insoluble 
ones  with  the  calcium  group  (Bunr/e).  The  actual  amount  of  colouring  matter  in 
bile  is  always  very  small.] 

Anthen  finds  that  living  hepatic  cells  when  brought  into  contact  with  a  solution 
of  hsemoglobin  outside  the  body  take  up  heemoglobin,  and  (glycogen  being  present 
in  them)  convert  it  into  a  pigment  closely  related  to  the  bile-pigment. 

The  bile-pigments  are  : — 

(a)  Bilirubin  (CggHg^N^Og)  is  perhaps  united  with  an  alkali ;  it  crystallises  in 
transparent  fox-red  clinorhombic  prisms.  It  is  insoluble  in  water,  soluble  in  chlora- 
fonn,  by  which  substance  it  may  be  separated  from  biliverdin,  which  is  insoluble 
in  chloroform.  It  unites  as  a  monobasic  acid  with  alkalies,  and  as  such  is  soluble. 
It  is  identical  with  Virchow's  heematoidin  (§  20). 

Preparation. — It  is  most  easily  prepared  from  the  red  (bilirubin-chalk)  gall«stones  of  man  or 
the  ox.  The  stones  are  pounded,  and  their  chalk  dissolved  by  hydrochloric  acid  ;  the  pigment 
is  then  extracted  with  chloroform.  That  bilirubin  is  derived  from  hsemoglobin  is  very  probable, 
considering  its  identity  with  hematoidin.  Very  probably  red  blood-corpuscles  are  dissolved  iu 
the  liver,  and  their  hsemoglobin  changed  into  bilinibin. 

{b)  Biliverdin  (CggHg^N^Og)  is  an  oxidised  derivative  of  the  fonner,  from  which 
it  can  be  obtained  by  varioiLs  oxidation- processes.  It  is  readily  soluble  in  alcohol, 
very  slightly  so  in  ether,  and  not  at  all  soluble  in  chlorofonn.  It  occurs  in  the 
placenta  of  the  bitch.  As  yet  it  has  not  been  retransformed  by  reducing  agents 
into  bilirubin. 

Tests  for  Bile-Pigments. — Bilirubin  and  biliverdin  may  occur  in  other  fluids, 
e.</.,  the  urine,  and  are  detected  by  the  Gmelin-Heintz'  reaction.  When  nitric 
acid  coTitaining  some  nitrous  acid  is  added  to  a  liquid  containing  these  pigments,  a 
play  of  colours  is  obtained,  beginning  with  (jreen  (biliverdin),  blue — violet — red, 
ending  with  yellow.  [This  reaction  is  best  done  by  placing  a  drop  of  the  liquid  on  a 
white  porcelain  plate,  and  adding  a  drop  of  the  impure  nitric  acid.] 

(c)  If,  when  the  blue  colour  is  reached,  the  oxidation  process  is  arrested,  bilioyanin  {HeynsiuSt 
Campbell),  in  acid  solution  blue  (in  alkaline  violet),  is  obtainetl,  which  shows  two  ill-defined 
absorption-bands  near  D  {Jaffi), 

{d)  Bilifiuoin  occurs  in  small  amount  in  decomposing  bile  and  in  gall-stones  ~  bilirubin 
-f  H2O. 

(e)  Biliproiiii  {Stadler)  also  occurs  -  bilirubin  -f  H, -f  O. 

(/)  The  yellow  pigment,  which  ultimatelv  results  from  the  prolonged  action  of  the  oxidising 
reagent,  is  the  eholetelin  (CieHuNsO^)  of  Maly  ;  it  is  amorphous,  and  soluble  in  water,  alcohol 
acids,  and  alkalies. 

[Spectram  of  Bile. — ^The  bile  of  carnivorous  animals  is  generally  free  from  absorption -bands, 
except  when  acids  are  added  to  it,  in  which  case  the  band  of  bilirubin  is  revealed.  Bilirubin 
and  oiliverdin  yield  characteristic  spectra  only  when  they  are  treated  with  nitric  acid.    The 
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bile  of  some  anituikls  yiiilda  biindi},  Imt  when  this  is  the  ease  they  are  clue  to  the  priw«ucf  of  • 
<U"rivative  of  hittmatiii,  and  ^[acMumi  ealls  this  body  cliolohiBmatin,  which  givua  ft  three- or 
Jburdmiidfd  spectram  (ox,  eheep)*] 

ifi)  Biliniliiii  absorbs  H  + 11.^0  {by  putvefaLtitiii,  ov  by  tlie  treatment  of  nlkaliiie 
waU^ry  Holiitioiia  with  tbi^  powt'ifiilly  rediu'ing  srxlimu  amiilgiim),  ami  becomt*^  con- 
verted into  ilalys  hydrobilirubin  (CutoH^oN^iX),  wliich  i.s  sli^jhtly  soluble  iu  wat4?r, 
nnd  more  cjusily  8nliii)le  in  .stdiitions  of  ^alks^  or  alknlieH,  aleidiol,  ether,  cbluToforni, 
mikI  shows  an  al>8orption-ban<l  at  /?,  F,  This  .substauf  e,  >vhich,  uceording  to  Haniiiiar- 
Kti^n,  nrriirs  111  iiorinal  liile,  is  n  constant  tolonring mntter  of  fii^ceH,  and  wtus  culled 
StercobHili  l>y  Vunlair  and  Masiiis,  but  is  iik^ntiial  with  hydroliiJirubiii  (Malt/). 
It  is,  however,  ]irolmldy  identical  with  tln^  urinary  pigment  urobilin  of  Jaffe  {Stitki^ 
§  20). 

[Accordin*?  to  Mftcllinin,  hydro-bilirahin  dilTers  from  in-obiliQ.  There  i«  a  do«e  reaemblance 
Vietwe^n  pathological  bilirahio  and  stereobilin.  The  bile  of  invertebratea  contAins  none  ot  the 
bile-pignkLMit»  pivsent  in  vpttebrtites,  altboujrh  hjviaochroinogtn  is  found  in  thw  cra^'^-fish 
an«l  palfiionate  niollascH.  In  some  organs,  and  ia  bile,  a  [tiginent-like  vegetable  t'hlort>ph>'H^ 
entire  chlorophyll — is  found,  bat  whether  it  is  derived  from  without,  or  fonned  within  the 
oi'irunisni,  is  not  L-erUiin  {Mfi^Jlumi).] 

[EldctroljBiB  of  bile. —When  ox-bile  is  electi-olyaed  in  a  IJ-tabe,  oxidation  of  the  pfgiiient 
takes  place  at  the  positive  electroile,  bilinibin  being  chaoged  into  hiliverfin,  and  with  a  stiong 
or  long-continued  current  tht*  biliverdin  may  in  its  turn  give  phice  to  higher  oxiiliition  jjrfuhicti 
Reversal  of  tlie  cnri'eut  will  now  eaiise  the  [troress  to  retmce  it^  steps^  and  the  bile-pigitient  wiU 
pa*8  thiiongh  bilirubin  to  a  more  rtdiit'ed  stage  wheiie  the  colour  is  y el  hm-  {Hat/i'm/l  and  Sc^tjiclti] 
The  s]»€ctriim  of  the  bile,  however,  reaiaina  practically  uactianged  anndst  the  pffl}'  of  oxidjitio 
and  rtiductiou.  The  substanctt  which  eauseti  the  alisorptiou  band^  do*iH  not  therefore  betoug  f 
the  bilirubin  seiies*  Tiie  changi^-s  produced  in  the  nigaient  by  eleetrolysis  »re  not  due  to  the  dir 
action  of  the  current,  but  to  the  action  of  the  products  net  free  at  the  elect  roiles.  Tlie  bib-sal 
on  the  other  hand,  are  electrolytes  {G.  N',  Stewart).} 

(4)  CholeBteriB,  C^^^H^^^J  +  HgO,  is  a  inonatomic  aliobid  which  rotates  the  my  of 
|johirised  light  to  the  left;  it  iccurs  also  in  Idood,  yelk,  iiervous  matter  [and  pill- 
stones].  It  forms  tnnisparent  rhomhic  plates,  which 
usually  have  a  small  oldon^^  piece  cut  out  of  tlie  C4>rner 
(tig.  230).  It  is  insoluble  in  water,  soluble  iu  hot 
alcolioh  ether,  or  chh>roform.  Jt  i^i  kept  in  solution 
in  the  Idle  !»y  the  bile  saU^i.  [The  quantity  is  consicler- 
alde.     It  niay  reach  2  |ier  cent.] 

Preparation.  =  It  h  niost  easily  prepiircil  from  iio-cahed  whit« 
gall  stiUie.H,  which  not  uiifreipiently  consist  entirely  of  ebolestenn, 
by  extracting  them  with  hot  alcohol  after  they  are  pulvensei. 
Ciystals  fire  excreted  after  evaporation  of  the  alcohol.  Testa. — . 
Tbey  give  a  red  colour  with  «ul[d]arie  acid  (5  vol.  to  1  vol  HjO), 
while  they  give  n  blue— as  cellulose  *loes — with  iiulidinric  acid 


Fig.   236. 
Crystal H  of  tholeaterin. 


and  itHlinc.     Wien  dissolved  in  chloroform,  one  drop  of  concentrated  sulphuric  at  id  cau«o«  ' 
a  deeji  rt-tl  colour  (//,  .V/i(//).     Moistened  with  an  alcoholic  solution  of  alcohol,  on  adding] 
Hj'^^Oj,  tlie  crystals  exhibit  a  green,  blue,  and  red  colouration*     Dissolved  in  glacial  acetic  acid, 
Hj.SO^-red,  and  then  a  blue  colour  {Liebcnnann), 

(s)  Amon^'st  the  <dber  or^'sinic  constituents  : — Lecitliin  (Ji  2;^)>  *ir  its  ilecompoai- 
tion-pi'oduct,  nenrin  {rholin),  and  glycero-phosphoric  acid  {into  which  lecithin  may 
lie  artilicially  tn*n.HfMniu  d  by  hoilin^^  with  bjuytii) ;  palmitin,  stearin,  olein,  as 
well  as  their  soila  Boaps ;  diastatic  ferment;  tnu<-s  of  urea;  (in  ox-bOcj  acetic 
acid  and  propionic  arid,  united  with  glycrrin,  ami  metals,  Dotjief), 

(6)  Inorganic  constituexita  of  bile  (0  6  U>  1  i>er  cent) :—  * 

They  are — aodic  and  jiotasaic  chloride,  calcic  and  inagne«lc  phoapbatr,  and  much  iron,  which 
ia  fri*«h  bile  gives  the  ordinary  rtActions  for  iron,  so  that  iron  must  occur  iu  one  of  it;*  oxidiisetl  i 
coni|iound»  iu  bile  ;  manganese  and  silica,     Oa*e«.— Fresh ly^afcreted  bile  contains  in  the  do^  1 
more  than  50  vol.,  and  iu  the  rabbit  109  vol.  [rt  cent.  00a,  I^ai'tly  united  to  alkalies,  |Mirtly 
abaorbed,  the  latter,  however,  being  almost  completely  absorl»ed  within  the  gal bbl adder. 
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The  mean  compoflition  of  human  bile  is  : — 

Water,        .  .  82  to  90  per  cent. 

Bile-salts,    .  .  6  to  11 

Fats  and  soaps,  .  .  2       ,, 

Cholcstcrin,  .  .  0*4    ,, 


Lecithin,  .        ,        0*5  per  cent. 

Mucin  and  pigments,  1  to  3        ,, 
Ash,         .        .  0-61    „ 


Further,  unchanged  fat  probably  always  passes  into  the  bile,  but  it  is  again  absorbed  there- 
from {Virchow),  The  amount  of  S  in  dry  dog's  bile-2-8  to  S'l  per  cent.,  the  N-7  to  10  per 
cent  {Spiro) ;  the  sulphur  of  the  bile  is  not  oxidised  into  sulpnnric  acid,  but  it  appeara  as  a 
sulphur-compound  in  the  urine  {Kunkel^  v.  Foil),  In  biids  deprived  of  their  liver  there  is  no 
formation  of  bile. 

[CompamtiYe. — Dog's  bile  is  bright  yellow  and  contains  taurocholate  only  ;  cat's  bile  has  the 
same  composition  whatever  the  nature  of  the  food.  The  bile  of  the  fox  and  wolf  contains 
traces  of  glycocholate.  In  horbivora  the  bile  is  generally  green  in  colour  and  contains  both 
glyc^cholatiB  and  taurocholate  of  soda,  but  that  of  the  sheep  contains  only  traces  of  the 
former.  Pi^'s  bile  is  turbid,  reddish-brown,  filters  easily,  ana  contains  two  special  biliary 
acids — hyoglycocholic  and  hyotaurocholic.  In  the  guinea-pig  it  is  like  amber  in  colour  and 
beccmes  green  on  exposure  to  the  air.  Bird's  bile  is  generally  green,  and  so  is  that  of  the 
frog  ;  the  latter  contains  taui*ocholic  acid.  In  fishes  the  bile  contains  chiefly  tauroc^holic 
acid.  Amphioxus  has  no  bile.  The  so-called  biliary  secretion  of  the  invertebrates  does  not 
seem  to  be  true  bile  {Beaunis}.] 

178.  SEGBETION  OF  BUE.— (1)  The  secretion  of  bile  is  not  a  mere  filtra- 
tion of  substances  already  existing  in  the  blood  of  the  liver,  but  it  is  a  chemical 
production  of  the  characteristic  biliary  constituents,  accompanied  by  oxidation, 
within  tlie  hepatic  cells,  to  which  the  blood  of  the  gland  only  supplies  the 
raw  material.  The  liver-cells  themselves  inidergo  histological  changes  during  the 
process  of  digestion.  It  is  secreted  continually  ;  but  ptirt  is  stored  up  in  the 
gall-bladder,  and  is  poured  out  copiously  during  digestion.  The  higher  temperature 
of  the  blood  of  the  hepatic  vein,  as  well  as  the  large  amount  of  COg  in  the  bile, 
indicates  that  oxidations  occur  within  the  liver.  The  water  of  the  bile  is  not 
merely  filtered  through  the  blood-capillaries,  as  tlie  pressure  within  the  bile-ducts 
[15-17  mm.  Hg.]  may  exceed  that  in  the  jjortal  vein  [7  mm.  Hg.] 

[Liver  cells  while  still  alive  can  produce  bile  salts  from  a  mixture  of  haemoglobin  and 
glycogen,  a  process  which  is  favoured  by  the  addition  of  soda  or  serum  (Kallmcyer  and  Alex,, 
Schmidt).] 

(2)  The  quantity  of  bile  was  estimated  by  v.  Wittich,  from  a  biliary  fistula,  at 
533  cubic  centimetres  in  twenty-four  hours  (some  bile  passed  into  the  intestine)  ; 
by  Westphalen,  at  453  to  566  gmis.  [by  Murchison,  at  40  oz.] ;  by  Joh.  Ranke,  on  a 
biliary -pulmonary  fistula,  at  652  cubic  centimetres ;  Copeman  and  Winston,  700-800 
c.c.  The  observation  by  Ranke  gives  14  grms.  (with  0*44  grm.  solids)  per  kilo, 
of  man  in  twenty-four  hours.  The  mean  is  1 290  c.c.  per  day  in  a  man  weighing 
70  kilos.  [^Fayo  Rc^bson  found  in  cases  of  biliary  fistula  an  avenige  of  30  oz. 
^lore  is  secreted  during  the  day  than  at  night.] 

Analogous  values  for  animals  arc — 1  kilo,  dog,  82  grms.  (1*2  solids) ;  1  kilo,  rabbit,  137  grms. 
(2*5  solids) ;  1  kilo,  guinea-pig,  17Q  grnis.  (5'2  solids). 

(3)  The  excretion  of  bile  into  the  intestine  shows  two  maxima  during  one  period 
of  difjestitm;  the  first  from  3  to  5  hours,  and  the  second  from  13  to  15  hours, 
after  food.  This  seems  to  be  due  to  simultaneous  reflex  excitement  of  the  heimtic 
blood-vessels,  which  become  greatly  dilated. 

(4)  The  influence  of  food  is  very  marked.  The  largest  amount  is  secreted  after 
a  flesh  diet^  with  some  fat  added,  less  after  vegetable  food ;  a  very  small  amount 
with  a  pure  fat  diet ;  it  stops  during  hunger.  [Mayo  Robson  did  not  find  it  to 
be  materiiUly  influenced  by  diet.1  Draughts  of  water  increase  the  amount^ 
with  a  corresjwnding  relative  diminution  of  the  solid  constituents.  [The 
biliary  solids  are  increased  by  food,  reacliing  their  maximum  aljout  one  hour  after 
feeding.] 
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/'V>  The  mflnfiMy  of  falood-«iqi|ily  ii;^  variAbk* : — 


'a,  i^,-Tetiott  ic  s^n^llr  ikroort*!  Vr  &  riDHJOM  and  rtfid  Mood-iHpply.   Tbe  Uottd-]^ 
•44  tJM;  pnoui^  UtUfT,  MM  Jij^Etore  of  tLe  esrm  aboT«   tlie  dnfdin^B^  vWrIit  tite  _ 
lAt^^yrrmnn  <^xnn  in  tbe  }ir«r,  nnxM*  tlie  KovtioiL     [It  voald  seeB,  u  ia  tlie  omt  of  tke 
kifiit^x,  t^Aftt  tlte  Telocitr  of  tbe  Uood  bu  far  more  to  do  vitb  it  than  tbe  blottd-|H— ii.] 

'^1';  HiatulUintMu  liAtof*  of  tbe  bepatk  artery  (diameto-  5|  mm.;  asd  tbe  Mttal  win 
(diameter,  14  mm.;  abolitbcs  tbe  awrrtioo  ^J^ri^;.  Tbeae  tvo  tcsmIs  mffij  tbe  imv 
maUrriaJ  for  tbe  m^rtxUm  of  bOe. 

'C/  If  tbe  bepatk  arterjr  be  lij^atored,  tbe  portal  rein  alone  mrtai—  tbe  Kcicckm.  liiEitBre 
fd  tbe  artery  or  f4  om;  of  its  braiicbe*  nltiniatelT  eaiues  Drcrosis  of  tbe  parta  nffilBed  by 
tbat  bniu^b,  ai«d  eretitoaJljr  of  tbe  entire  lirer,  as  tbis  arterr  it  tbe  oatiieBt  Tcaael  of  tW  Imr.  \ 

(df  If  tbe  braiMrb  of  tbe  portal  rein  to  one  lobe  be  ligatarHi,  tbere  is  onlj  a  sBgbt  aecretmi 
in  tbat  loU,  to  tbat  tbe  Ule  most  be  formed  from  tbe  arterial  blood.  Complete  ImiBre  of 
tbe  p'irul  reiij  rapidly  cantes  deatb  '|  67;.  Keitber  li|^tore  of  tbe  bepatic  artefy  by  ita^, 
nor  yrodunl  obliteration  of  tbe  portal  rein  by  itKlf,  caofcs  oeamtioii  of  tbe  aecfctacm,  bat  it 
is  diufinislied.  Tbat  nui^lrn  lintnre  of  tbe  iiorUl  rein  caofeaeeaaatioD  isdne  to  tbe  fiKt  tbat, 
in  addition  to  dirninution  of  the  iecretion,  tbe  enormous  stagnation  of  blood  in  tbe  roodcts 
of  tbe  portal  vein  in  tbe  aMoiuinal  organs  makes  tbe  lirer  rery  awemic,  and  tbns  pivrenta 
it  from  Mcretiug. 

^f}  If  tbe  bloorl  of  the  hepatic  artery  is  allowed  to  pass  into  tbe  portal  Tein  (wbicb  baa  bees 
ligatured  on  the  fierinhenil  »ide„  secretion  coutiua««  \Sdiif). 

if)  Vruinwt  W%  of  blood  arrestH  tbe  secretion  of  bUe,  before  tbe  mnanilar  and  Bcrroos 
apparatos  htc^ntit  |*aralyked.  A  more  copions  supply  of  blood  to  other  organs— r.^.,  to  tbe 
muscles  '/f  the  trunk — during  rigoroni*  ezereiae,  diminishes  tbe  Mcretion,  while  tbe  tvanslbsioB 
of  Large  quantities  of  blood  increases  it,  but  if  too  hi^  a  prearare  is  caused  in  tbe  portal  rein, 
by  iutroflucing  bloo<l  from  the  caroti<l  of  another  animal,  it  is  diminished. 

(tff  Inflneooe  of  H«nret.— All  conditions  which  cause  contraction  of  tbe  abdominal  blood- 
vessels, f.fj.,  stimulation  of  the  ansa  Vieussenii,  of  tbe  inferior  cenrical  ganglion,  of  tbe  bepatic 
nenres,  of  the  siflanchnic-s,  of  the  s|nnal  cord  (either  directly  by  strychnia,  or  reflezly  tbrougb 
stimulation  of  sensory  uenres;,  affect  the  secretion  ;  and  so  do  all  conditions  wbicb  < 
tion  t 
fniiicture, 
causes  tUj 

artery  causen  at  fimt  an  accelenition,'au<l  afterwards  slowing  of  the  secretion.  Section  of  tbeae 
nerveit  causes  a  decided  acceleration.  Doubtless  these  results  are  due  to  rariations  in  tbe 
calibre  of  the  vessels  and  bile-ducts.] 

(h)  Portal  and  Hepatic  Veins.— With  regard  to  the  raw  material  supplied  to  the  liver  by  ita 
blood-vessels,  it  is  inijiortant  to  note  the  dilTerence  in  tbe  composition  of  the  blood  of  the 
he|iatic  and  jiortal  veins.  The  blood  of  the  he|iatic  vein  contains  more  sugar,  lecitbin, 
cbolesterin  (?j,  {Droidttfu  and  blood -corpuscles,  but  lestt  albumin,  fibrin,  hemoglobin,  fat, 
water,  and  salts.] 

[(i)  UfTelmsnu  observcil  tlmt  the  How  of  bile  from  a  ]ienK>n  \»-ith  a  biliary  fistula  was  arreatcd 
during  fever.  ] 

(0)  Th(;  formation  of  bile  is  largely  dependent  u{K)n  the  decompofiitioii  of  red 
blood-COrpuBCles,  m  tlH*y  Hupply  the  material  necessarj'  for  the  fonuation  of  some 
of  itH  oonHtituentH. 

Hcnr:**,  all  conditions  which  cause  solution  of  the  coloured  blood-coq»uscle8  are  accompanied 
by  an  iiicn;aserl  fonuation  of  bile  (§  180). 

[Tlu;  Bpecific  coDBtituents  of  bile. — Tlie  bile-acid8  and  pigments  are  formed  in 
the  liver.  (1)  T1h*h«»  sulwtances  do  not  exist  in  the  general  blood-stream.  (2)  In 
froj^H,  aft<*r  removal  of  the  liver,  these  substances  are  not  found  in  the  blood.  (3) 
Aft4;r  ligature  of  ih(5  ))ile-<luetH,  and  all  the  vessels  passing  to  the  liver  in  pigeons, 
the  liiliary  secnition  is  arn*Hted,  but  even  after  twenty-four  hours  none  of  the 
HjHicific  biliary  (MinntituentH  were  found  in  the  tissues  or  blood.  No  bile  pigments 
wen;  found  in  tin;  lilooil-serum  {Stern),  Had  the  bile  constituents  been  formed 
outsid*^  i\n\  liver,  tlic^y  would  have  accumulated  in  the  blood  and  tissues.  After 
ligature  of  the  liile-ducts  only  in  pigeons,  biliary  pigment  is  found  in  the  blood  and 
urine.     The,  Kiiiiie  is  true  of  biliary  acids  tis  proved  by  Fleischl  (p.  332).] 

[Ah  to  th(^  sources  of  the  Ki>eciti(;  biliary  constituents,  the  glycocol  and  taurin  of  the 
bileaeidK,  eontiiining  ivs  they  <lo  nitrogen,  nuist  be  derived  from  a  proteid  molecule, 
but  cholalie  acid-  an  acid  free  from  N — does  not  necessarily  arise  from  proteids.] 
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[That  the  bile-piginents  are  fonned  from  hsemoglohiii  resulting  from  the  breaking 
up  of  haemoglobin  is  believed  from  the  following  considerations: — (1)  In  old  apoplectic 
clots — hsematoidin — a  body  nearly  identical  with  bilirubin  is  found  (§  20). 
There  is  a  genetic  relation  between  bile-pigments  and  haBmatin  : — 

Haematin,  C32H32N^04Fe. 
Bilirubin,  CgQHjgN^Og. 
Biliverdin,  CggHggN^Og. 

(2)  Substances  which  cause  solution  of  the  blood-corpuscles  within  the  vascular 
system  increase  the  quantity  of  bile-pigments,  e.g,y  the  intra-venous  injection  of 
water,  bile-salts,  haemoglobin.  (3)  Moreover,  the  bile  contains  iron  in  the  form 
of  a  phosphate,  and  the  iron  is  perhaps  obtained  from  the  iron  of  the  decomposed 
Hb.  (4)  Bile-pigments  are  only  found  in  the  vertebrata, — that  is,  in  those  animals 
whose  blood  contains  haemoglobin.  They  do  not  occur  in  invertebrata. 
Amphioxus,  which  has  no  red  blood-corpuscles,  forms  no  bile-pigments.] 

(7)  Of  course  a  normal  condition  of  the  hepatic  cells  is  required  for  a  normal 
secretion  of  bile. 

[(8)  Age.— The  age  of  the  individual  does  not  ap^iear  to  influence  greatly  its  comiiosition  nor 
does  sex  influence  it.] 

Biliary  FistiiUB. — The  mechanism  of  the  biliary  secretion  is  studied  in  animals  by  means  of 
biliary  flstulfle.  Schwann  made  a  permanent  biliairy  flstnla.  He  opened  the  belly  by  a  vertical 
incision  a  little  to  the  right  of  the  ensifunu 
process,  cut  into  the  fundus  of  the  gall-bladder, 
and  sewed  its  margins  to  the  edges  of  the 
wound  in  the  abdomen,  and  afterwards  intro- 
duced a  cannula  into  the  wound  (fiff.  237). 
To  secui-e  that  all  the  bile  is  discharged  exter- 
nally, tie  the  common  bile-duct  in  two  places 
and  divide  it  beti^'een  the  two  ligatures. 
After  a  fistula  is  freshly  made  the  secretion 
falls.  Tliis  depends  upon  the  removal  of  the 
bile  from  the  body.  If  bile  be  supplied,  the 
secretion  is  increased.  Regeneration  of  the 
divided  bile-duct  may  occur  in  dogs.  Y. 
Wittich  observed  a  biliary  fistula  in  man.  [A 
temporary  biliary  fistula  may  also  be  made. 
The  abdomen  is  opened  in  the  same  way  as 
described  above.  A  long  bent  glass  cannula  Schwann's  pennanent  fistula,  and  a  temporarv 
is  introihiced  and  tied  into  the  common  bile-  fistula.  AM,  abtlominal  wall;  G.B.,  gall- 
duct,  and  the  cystic  duct  is  ligatured  or  bladder;  INT.,  intestine;  T.,  tube  in  tem- 
clarai)ed  (fig.  237).  The  tube  is  brought  out  porary  fistula  {Stirling). 
through  the  wound  in  the  abdomen.] 

[Influence  of  the  liver  on  MetaboliBm.— If  the  liver  be  excluded  fi-om  the  circulation,  im- 
portant changes  must  necessarily  occur  in  the  metabolism.  In  biids  (goose)  there  is  an 
anastomosis  between  the  jwrtal  system  of  the  liver  and  that  of  the  kidneys,  so  that,  when  the 
portal  cii-culation  is  interrupted  in  these  animals,  there  is  never  any  great  congestion  in  the 
abdominal  organs.  The  goose  dies  generally  eight  to  ten  hours  after  the  operation.  The  uric 
acid  in  the  urine  raindly  falls  to  a  minimum  (Vtr  to  ^  of  normal) ;  the  chief  constituent  of  the 
urine  is  then  sarcolactic  acid,  while  in  normal  urine  there  is  none ;  the  ammonia  is  increased 
{Minkotcski).  This  experiment  goes  to  indicate  that  uric  acid  is  formed  in  the  liver.  "Dog. — 
If  the  liver  be  excluded  from  the  portal  circulation,  by  connecting  the  portal  vein  with  the 
inferior  vena  cava,  and  ligaturing  the  hepatic  artery,  a  dog  will  live  in  the  former  case  three  to 
six  days,  and  in  the  latter  one  to  two.  The  liver  does  not  undergo  neci-osis,  nor  does  bile  cease 
to  be  secreted.  The  liver  is  nourished  by  the  blood  in  the  hepatic  vein,  the  reflux  in  this  vein 
being  probably  caused  by  the  respiratory  movements  (Stolnikmv).  Noel  Paton  finds  that  in  dogs, 
ill  a  condition  of  nitrogenous  equilibrium,  some  dings  which  increase  the  flow  of  bile  {e.g., 
salicylate  and  b^nzoate  of  soda,  colchicum,  perchloride  of  mercury,  and  euonymin)  also  increase 
the  production  of  urea ;  hence,  he  concludes  that  the  formation  of  urea  in  the  liver  bears  a  very 
direct  relationship  to  the  secretion  of  bile  (§  256).] 


179.  EXCEETION  OF 

two  distinct  mechanisms.     (1)  The 


BILE. — [In  this  connection  we  must  keep  in  view 
le  1t>ile-8ecretiiig  mechanism  dependent  uix)u 
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thf  liver-et^lls^  wliicli  are  iilw/iy^s  in  a  gix^ater  or  lesi*  tlegi'ee  of  iictivity  ;  (2)  the 
bOe-expelliiig  mechanifim,  which  i^  »|>ceially  active  ut  crrUiii  {poritxls  of 
ili^'i'stioa  (?^  178).] 

Excretion  of  bile  m  ilue  Uj  (1)  the  continual  pressure  of  the  newly-fornicd  bilo 
witliin  th*'  inlerlolnilar  l>jI«Mln<  ts  fniriiig  ((jiwiird  thf*  bile  in  the  exeret<jry  tluet^?. 

(2)  The  iiiterrupUnl  periodic  compression  of  the  liver  frnni  almve,  hy  the 
ilisij^hrsigni,  at  every  inspiration.  Fvirther,  e%'ery  inspiration  as-sisU  the  flow  of 
hloinl  in  the  hepatie  veiiiKj  and  every  re,spirat4>ry  iiiereuse  of  pre,<'<uro  within  the 
alxkunen  favonrw  the  enrrent  in  the  porUil  vein. 

It  isprabiilkletlint  tlie  diiiiiniitioiiof  tlie  Srt'Lielioii  of  bile,  whicli  occurs  after  bilateral  JvHsion 
lot  Ibc  va^,  h  to  be  fx^ilained  in  tins  way  ;  still  it  h  to  be  re  rii  inn  be  red,  tliat  the  vagiis  mnd* 
f  branphes  to  the  beputsc  plexas.     It  is  not  iied<le<l  wbetlii^r  tlie  bihary  exeretioti  is  diminished 
after  Bjpctioii  of  tbe  |>breaie  nerves  aud  |'>at-alysl»  of  tbu  ubdouiitial  nm»elei«. 

(3)  The  rordrmiion  of  f/t€  sjtioofh  mti^deif  t^i  tlie  larger  hibMhictj?  and  the  gall- 
hladder*  Stimulation  of  the  .spinal  vonl,  from  wbieh  the  motor  ni-rves  for  the**** 
f^trnetnres  pas«,  eanses  aeceleration  of  the  oiitfiow,  whieh  is  afterwards  ftillowetl  by 
a  diminished  ontflow.  Under  normal  *  nnditions,  this  ^thnulation  aeems  t<>  occur 
retlexly,  and  is  eau8ed  }iy  the  jta^sage  i>f  the  in^esta  into  the  iliiodt-num,  whicVi,  at 
the  siuae  time,  t-xeite  movement  of  ibis  ]>art  <d  tlie  int*'stine. 

(4)  iJirert  Ktiiunbition  *4  the  liver,  and  reflex  stimnlatbm  of  tlie  s|iinal  eord, 
diminisli  the  exeretion ;  whib*  extirpation  of  tlie  hejtatie  pb'xn.s  and  itijnry  to  the 
floor  of  the  fourth  ventriele  do  not  exert  any  di,Htnrl»iiig  intlneiice. 

(5)  A  relatively  Hniall  anioimt  of  reKisbinee  eanses  bib*  b>  sta^niate  in  the  bile- 
ducb?. 

Secretion  Pressure. —A  njaaoaietev,  tied  iato  tbc  ^albbladtler  of  a  guiainiiii|jf,  enpiwrt*  * 
eolviinii  of  'JOO  Tiiiiliiiittres  of  irat*:r  or  15  raia*  Hg  ;  ami  st^cretioa  can  take  place  imdtjt  this 
pressure.  If  this  preswiuc  be  jiicreiiscLl,  or  too  long  sustttincil,  tbi'  wiitery  bile  pmssea  froiu  the 
fiver  into  the  l>lood,  even  to  tliu  amoaat  (*f  four  tiuios  tbe  weigbt  of  the  liver,  tbua  causing 
sohition  of  the  red  blood-cenpUHL'ks  by  the  absoibed  bile  ;  ami  very  soon  thereafter  bi^moglobiu 
a j» pears  in  tla:  urine.  [TliiM  faet  Is  of  praetiead  iniporuiiKe,  Hh  (liuxienitiH  uiay  give  rine  ta 
symptoms  of  Jaundice,  the  resistance  of  tbe  in  flamed  uinuous  niemlaaae  beiug  safReieat  to 
arrest  tbe  outlloiv  of  bile.] 

Passage  of  Snbetances  into  the  Bile.-^Soaie  8ul)sbtnt:e^  whieli  enter  the  blooi]  \mss  into 
tbe  bil»?  ;  cHpecialiy  tbe  nietiiL's,  tomier,  arsenic,  iron,  &c. ;  potassium  iodide*  bruniide,  and 
sitlphoeytiuide,  and  taqieutine  [tbt  latter  gives  it  an  odour  of  viok'tis]  ;  to  a  I eiss  degree,  eaue- 
sugar  and  grape-hugjir  ;  aodinin  salicylate,  and  ciirbohe  acitb  If  a  large  anioutit  of  water  Ite 
injected  into  the  blood,  the  bile  heeonies  olhutninoas  ;  niert  uric  and  niercuious  ehloHdcs  eaUB© 
«n  increase  of  the  water  of  tbt  lulc.  Sogar  has  Weu  found  in  tbe  bile  in  diabet**! ;  leueiii  and 
tyrosiu  in  ty[»huK,  lactic  a''id  aad  alhuadii  in  other  pathokigieal  eondiiious  of  this  fluid. 

180.  BEABSOBPTION  OF  BILE;  JAUKDICE.— I.  Ahfiorption-Jaundice.— When  re«iat- 
aiiee  is  oflered  to  tbe  outflow  of  lalo  into  the  intestine,  t,tf,^  by  a  jihig  of  mucus*,  or*  gall  stonw 
which  occludes  thf^  bile-duct,  or  uhere  a  tauiour  or  pre^iMure  from  witbout  niakea  it  impervious 
— the  bile-daels  bet'ouie  lilled  with  bile  and  causa  an  eiibngenieat  of  tbe  liver  [and  miiy  give 
ris«  to  obstructive,  mechanicEd,  or  licputogenon«  junudice.]  Tlie  pressure  within  tbe  Ule-ducta 
is  increast^d.  As  soon  as  tbe  piesinre  1ms  re^iched  a  certain  aniouut,  which  it  soon  dt>e8  when 
the  bile-duct  is  occluded  (in  tbe  dog  275  nini.  of  a  column  of  hde),  realw^orption  of  bile  from 
tbe  distended  larger  bile-ducta  takes  jtlace  into  the  /i/*jij[*A<i^u^  (not  the  blood-ve^stds)  of  the 
liver^  the  bile-acids  juass  into  the  lymidiatics  of  the  liver.  [The  lyniplmtice  cnn  bo  seen  at 
the  portal  fiiisuro  filkd  with  yelloH-^:oloured  lymph.]  The  lym|t!i  passes  into  the  tiiorneic 
duct,  and  »o  into  the  blootl  {FiriscJtl],  E^^en  when  the  pressure  is  very  low  wltldn  the  portal 
vein,  bile  may  puss  into  the  blowi  without  any  obstruction  to  tbe  bile-duct  being  present. 
Tins  is  the  ease  in  Icterus  neonatorum,  as  after  ligature  of  tbe  umbilical  conl  no  more  blood 
|iA.sHes  through  the  umbilical  vein  ;  farther,  in  the  icterns  of  hunger,  ** hunger-jaundice/'  a^t 
tlie  jwjrtal  vein  \s  relatively  empty,  owing  to  the  feeble  aUorption  from  the  iute«tiaal  canal 
(CV.  Utrmtrii],  [Jan  ad  ice  is  learlily  proilueed  l>y  inliaktion  of  araeaiaretted  hydrogen  or 
tbe  iidininistnvtion  of  toluylendiamin.} 

n.  Cholasniia  may  also  occur,  owing  to  the  excessive  prorluction  of  bile  (bviM'rcholia),  the 
bile  not  being  all  excreted  into  tlie  intestine,  ho  that  jwirt  of  it  i^*  realworlnnl.  This  takes  place 
when  there  in  solution  of  a  gieat  numWr  of  blood-corpuscles  (§  178,  6)»  which  yield  niaterinl  for 
the  formation  of  Idle.     Thick  inspissated  bih^  accamulate-'i  in  the  bile-duets,  «o  that  wtagnation, 
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with  aiibsequeut  reabsorption  of  the  bile,  taken  i*liici\  Tlie  transfusion  oi'  lieterogeneous  hlood 
obtained  by  dissolving  coIoutlhI  bluocl-uoqmscles  actn  m  this  direction.  Ictoma  is  n  common 
pliefionienon  after  too  copious  tmnstfuHioii  ol'  tlie  same  blood.  The  bloud-corpuHcles  nre  dis-solved 
by  the  iujectiuii  into  the  blood  of  heterogeueou«  blood  st? ruin,  by  the  iojeotion  of  bile-at'ids  into 
the  vessels,  aud  by  other  salt^,  by  phosphorid  ncid,  wat^^r,  chloral,  inhalation  of  chloroform 
and  ether  ;  the  injection  of  dis.solved  hieinoglobin  iiito  the  Aiteriea  or  into  a  loo[»  of  the  ^nmll 
intestine  flctn  in  ihtt  same  way, 

IcteruB  Keonatorum.  —  Wht'ti,  owing  to  compreasiou  of  the  placenta  within  Iho  ntiTos,  too 
much  blood  iis  forced  into  the  blood -vessels  of  the  newly -born  inffintj  a  purt  of  the  sun)ltts 
blood  during  the  first  few  days  bewmeB dissolved,  and  part  of  the  lut^nioglobin  ia  eonverteti  into 
bilirnbin,  thoa  cansin;;  jtiuiRlice  {Vircfww^  Vwki). 

Absorption-Jaundice.— When  tlit^  jjiuiidice  is  caused  In-  the  ubtiuiptioji  of  bile 
already  foniu^d  in  the  liveTj  it  is  called  liepatogenic  or  aljsorption -jaundice.  The 
folio  wiu^  ary  t3ie  symptomfi  : — 

(1)  Bile-pigments  and  bile-Acids  pass  into  the  tissues  of  the  l>ody  ;  hence,  the  most  pro- 
nounced external  symptom  la  the  yellowish  tint  or  jauruikv,  Tho  skin  and  the  aclcrotie 
become  deeply  coloured  yeUow.     In  pregnancy  tlie  hvtns  is  also  tinged. 

(2)  Bile- pigments  and  bile-aeidj*  pass  into  the  urine  (not  into  tlie  saliva,  tears,  or  inn  ens)* 
(§  177).  When  there  In  mui'Ii  bilepigmcut,  the  nrine  is  coloured  a  deep  jellovviah  brown^  and 
ita  froth  is  citron-yellow  ;  whik  .stri|KS  of  gelatin  or  pafncr  dipped  into  it  abo  become  colotirod. 
Occasionally  bilirubin  ( -=  hLeuaatoidin)  crystals  occur  in  the  urine  (g  *2(ii!), 

~   itm  ■    *         ' 


(3)  The  faaoes  are  '*  clat/  t-olotircti  "  (becanae  the  hydrobUirubin  of  the  bile  ia  absont  from  the 
fffiCftl  matter)  — wrt/  hard  (because  the  fluid  of  the  bile  does  not  pass  into  the  intestine) ; 
contain  much /o^  (in  globules  and  erystils),  because  the  fat  is  not  sutlieiently  digestwi  in  the 
intestine  without  bile,  so  that  78  per  cent,  of  the  fat  taken  with  the  food  reappears  in  the  fteces 
{i\  Vulf)  ;  they  have  a  verj'  dismjr*xablf.  tniMir,  perhaps  becaiuse  the  bile  nornnilly  limits  the 
putivfaction  in  the  intestine.  [V,  Voit  finds  that  ]Hitrefaetion  does  not  take  place  if  fats  be 
withheld  from  the  food  |p.  335).]  Thacvtteitafum  cf  the  fn'ces  occurs  shwly^  partly  owing  to  the 
hardness  of  the  faeces,  mrtly  liecause  of  the  absence  of  the  i>eristaltic  niovBmenta  of  the  intestine, 
owing  to  the  wunt  of  tiie  stimulating  action  of  the  bile. 

(4)  The  heart- beta  are  greatly  uiminwhed,  f.(^.,  to  40  per  minute.  This  is  due  to  the 
action  of  the  bile-salts,  which  ot  first  slimuhite  the  caitliac  ganglia,  and  then  Weaken  them. 
Bile  salts  injected  into  th«  heart  proiluce  at  first  a  temporary  atcelemtion  of  the  pulse,  and  after- 
wards  alowiug  illohr^t)-  The  same  occurs  when  they  are  injected  into  the  blood,  but  in  this 
caae  the  stage  of  excitement  is  very  abort.  The  phenomenon  is  not  alfected  by  section  of  the 
vagi.  It  is  probable,  that  when  the  action  of  the  btle-salta  is  long  eon  tinned »  they  act  Upon  the 
heart-muscle.  In  addition  to  the  action  on  the  heart,  there  la  alowing  of  the  respiration  and 
diminution  of  teniperatare. 

(5)  That  the  nervouB  syBtem,  and  perhajis  also  the  moBcles,  are  Affected,  either  by  the  bile- 
salts  or  by  the  at^ctunuhition  of  cholesterin  iu  the  blood,  la  Hhown  by  the  very  general  relaxa- 
tion, jiensatiou  of  fatigue,  weakness,  drowsiness,  and  lastly  deep  coma — sometimes  there  is 
sleeplessnesa,  itchiness  of  the  skin,  even  mania,  and  spasms.  Luwit,  after  injecting  bile  into 
auimals,  observed  phenomena  referable  to  stimulation  of  the  respiratory,  cardio-inhibitor)% 
and  vaso- motor  nerve- centres. 

(6)  In  very  pronounced  jaundice  thej-e  may  be  "y«/fote?  vismtt**  owing  to  the  impregnation  of 
the  retina  and  macula  lutea  with  the  bile-pigment, 

(7)  The  bile-acids  in  the  blood  dissolve  the  red  blood -corptiacles.  Tho  bajmoglobin  is 
changed  into  new  bile-pigment,  and  the  globulin-like  body  of  the  hBQmoglobin  may  form 
urinary  cylindera  or  casts  in  the  urinary  tnbulea,  which  are  ultimately  washed  out  of  the  tubules 
by  the  urine. 

[Influence  of  Drugs  on  tlie  Secretion  of  Bile.  ^On  anim&la  one  may  make  either  a  permanent 
or  a  tern [►orary  fistula  (p.  3^J1),  The  latter  is  the  more  satisliictory  method,  and  the  experi- 
ments are  usually  made  on  fasting  eurarised  dogs.  A  suitable  cannula  is  introduced  into  the 
comuiou  bile-duct  (fig.  237),  the  animal  ia  curariswl,  artificinl  respiration  being  kept  u|»,  while 
the  drug  ia  injected  into  the  stomach  or  intestiue.  Rob  rig  used  this  method,  which  was 
improved  by  Rutherford  and  Vignab  Rohrig  found  that  some  purgatives — eroton  oil,  colocynth, 
jalap,  aloes,  rhubarb,  senna,  and  other  substances  — increased  the  secretion  of  bile.  Rutherford 
and  Vij^nal  investigated  the  action  of  a  large  number  of  drugji  on  the  bUCi^ecreting  mechauiam. 
They  found  that  croton  oil  is  a  feeble  hepatic  stinmlant,  while  piHiophyllin,  aloe.**,  colchicum, 
eunnymin,  iridin,  ^angninariii,  ipecaeuan,  colocynth,  sodium  phosphate,  phytolaccin,  smlium 
benzoate,  sodium  salieylate,  ddute  nitro-hydrochlonc  acid,  ammonium  phoaphate,  mercuric 
chloride  (corrosive  sublimate),  are  all  jiowerful,  or  very  considenible,  heputicstimuhmta.  8ome 
substances  sttmuhite  the  intestinal  glands,  but  not  the  liver,  ti.j/.,  magnesium  sulphate,  cnstor 
oil,  gamboge,  ammonium  chloride,  manganese  sulphate,  calomel  Other  subataneea  stimulate 
the  liver  as  well  as  the  intestinal  glandsj  although  not  to  the  eamo  extent,  e.g.,  acammony 
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(powerful  iuteatiual,  feebb  hfpfttic  utimuknt) ;  colocynth  excites  both  poweiTully  ;  jakpi 
soilinin  sniiihnte,  and  bupti^in,  act  with  t^onhiderable  power  botJi  on  the  liver  and  the  intestiuiil 
^latHb,  I'aklmr  btiaii  stimulates  tfit::  ttvor,  and  the  incjcasod  seeit^tioa  enured  tlicreby  may  \m 
reduced  hy  sulphate  of  Rtroiiin,  altlioui^h  the  latter  dmg»  whim  given  alone,  does  not  notably 
alfect  the  sflcretion  of  bile.  The  injection  of  water  or  bile  slightly  incrensi'a  the  secretion.  In 
all  csars  where  purgation  vvas  produced  by  purely  iuteatiiml  utiniutnnls,  auch  as  niagueaium 
jiidplmte,  gainbo^e^  and  castor  oil,  the  accrocion  of  bile  wojt  diminished.  In  all  aueh  ox}ieri- 
meuts  it  is  most  impnitiiit  that  the  Umpcratttre  of  th^;  animai  he  ktpC  up^  else  the  secretion  of 
bile  dinuiiiiiheH.  Fjisclikin's  rcsultn  on  doga  differ  con.siderably  from  those  of  Rutherroni.  He 
aasert^  tlmt  only  the  bile-acids  {>$alt!3)  of  ail  thu  subatau[?es  he  investigated  excite  a  prompt  and 
distinct  ehobgoisfUt^  action.  Baldi  also  asserts  that  he  has  not  observed  a  decided  increase  of 
the  tteeretion  lollowing  the  use  ofsome  of  the  so-called  cholugogues.J 

[Kiliary  hatulte  sunietiiiie^  occur  in  man.  The  bile-duct  may  be  completely  blocked  by  gall- 
.stones.  Souietimeji  the  gHlbhiadder  is  ofieued  to  remove  the  gall-stone;^,  aud  occasionally  a 
biliary  iistuia  persists,  the  bile  being  wholly  discharged  through  an  o|K^ning,  none  reAching  tlie 
intestine  owing  to  occlusion  of  the  cominou  bile  duct.  In  a  case  observetl  by  Mayo  Kobsou,  he 
found  that  iiiany  so-called  choUgogues,  r;.y.,  euonymin,  rhulmrb,  iXMlophyllin,  tarljonate  of  soda, 
luriwutiue,  henzoate  of  soda,  aeem  rather  to  diminish  than  iiicrcHse  the  amount  of  bile  excreted; 
iridin  apiieara  to  increase  the  flow  tcni|)orarily  without  augmenting  the  total  quantity  in  24 
hours*} 

[As  yet  we  cannot  say  deHnitely  whether  or  not  such  substances  as  atinndatc  the  Hccretioii 
of  bile  do  so  by  exciting  the  mucous  niombmne  of  the  small  intestiue  and  thereby  inducing 
reflex  excitement  of  the  liver.  Their  action  di^a  not  seem  to  be  due  to  increase  of  tlie  blood- 
stream through  the  liver.  More  probably,  aa  Rutherfortl  suggests,  these  drugs  act  directly  on 
the  hepatic-cells  or  their  n*^rvea.  Acetate  of  leail  diretitly  depresses  the  biliary  secretion,  while 
some  substance!^  atfecl  it  indirectly] 

[Olioleateraemia. --Flint  ascribes  great  importjince  to  the  excretion  of  cholesteria  by  the  bile, 
with  reference  to  the  metaboliam  ot  the  nervous  system.  Cholesterin,  which  is  &  normal  in- 
gredient of  nervous  tissue,  is  exci-eted  by  the  bile,  and  if  It  be  retained  in  the  blood  '*  choles- 
lehtmia,-*  with  grave  nervous  ayniptoma,  is  said  to  OiXiur.  This,  however,  is  problematical^ 
and  the  phenomena  destiribed  are  prolmbly  referable  to  the  retention  of  the  bilc-acids  in  the 
blood.] 

181.  FUNCTIONS  OF  THE  BILE.— [(1)  Bile  is  concfriu-d  in  the  digestion  af 
certain  fi>ixl-8tutKs ; 

(2)  Part  is  abgorbed,  a  fact  opposc^d  to  the  view  that  bile  is  entirely  an  excretion. 

(3)  Part  ia  excreted.  PeHmps  the  bile  is  largely  excreinentitiuus ;  at  leasts 
obfiervutioii.'?  in  rases  of  biliary  fistula  iJi  man  have  aliovvn  that  iticrease  in  !x>dy- 
weight  and  good  health  aw  qnite  con&iat*?nt  witb  the  entire  ubsenee  of  Idle  from 
the  iriU^s tines  (Af.  Jiohs(m).] 

(A)  Bile  plays  a  part  in  the  absorption  of  fats. — [The  presence  of  hile  in  the 
intt'stine  is  n<it  al»!*olntely  net'es^iiry  for  the  digestion  of  such  an  amount  of  fat  as 
i.-*  capable  of  supporting  life  and  keeping  up  nutrition.] 

(1)  It  efmiitfifmi^e^s  neutral  fatt^^  whereby  the  fatty  griinuh\s  jmibs  more  readily 
thr<>ugh  or  between  the  cylindrical  epithelium  of  the  8njall  intestine  into  the  lac- 
teals.  It  doe.s  md  tlecomposo  neutral  fttts  into  glycerin  and  a  fatty  acid,  aa  the 
^Minereas  doeii  (g  170,  III.). 

When^  however,  fatty  aeidii  fire  disaolveil  in  the  bile,  the  bile-saJts  are  decompCMtetl^  the  bile< 
acids  being  set  free,  while  the  soda  of  the  deciUiir*osed  Vale-stdtii  readily  forma  a  soluble  soap 
with  the  fally  acids*  These  soapt  are  soluble  in  me  bile,  and  increase  contsiilerably  the  emulsi* 
fyirtg  power  of  this  Ihnd.  Bile  c«ii  diaaolve  fatty  acids  to  form  an  acid  fluid,  which  has  high 
emuTsionising  irrojierlies  [SteiyKr)^  Emulsification  is  inHuenced  by  a  1  per  cent,  solution  of 
NaCl,  OP  Ni^O^. 

(2)  As  Huid  fat  flows  more  easily  through  cafdllary  tul>t'8  nndstiMietl  with  bih% 
it  m  coticludeii  that,  when  the  pores  of  the  wall  of  tlie  small  intestine  are  moistejitKl 
with  bile,  the  fatty  particles  pass  more  easily  tb rough  them. 

(3)  Filtration  of  fat  takers  [dace  througli  a  membrane  moistened  with  hile  or  bile- 
stilts  under  less  pressure  tliaii  wdien  it  is  moistened  with  water  or  salt  solutions  (e, 
Widtuijhatisen).  [fJroper  has  repeated  v.  Wistinghauaen's  experiment,  but  with 
negative  result^.] 

(4)  As  bile,  like  a  solution  of  soap,  has  a  t:ert*iin  relation  to  watery  solutions. 
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well  as  to  fats,  it  permits  diffusion  to  take  place  between  these  two  fluids,  as  the 
membrane  is  moistened  by  both  fluids. 

Bile  is  of  importance  in  the  absorption  of  fats.  This  is  strikingly  illastruted  by  experiments 
on  animalu,  in  which  the  bile  is  entirely  discharged  externally  through  a  fistula.  Dogs  under 
these  comiltious  absorbed  at  most  40  per  cent  of  the  fat  taken  with  the  food  [60  percent  beiiie 
given  otf  by  the  feeces,  while  a  normal  dog  absorbs  99  per  cent  of  the  fat].  The  chyle  of  such 
animals  is  very  poor  in  fat,  is  not  white  but  transparent ;  the  fseces,  however,  contain  much  fat, 
and  are  oily  ;  the  animals  have  a  i-avenons  ap(H}tite  ;  the  tissues  of  the  body  c-ontaiu  little  fat, 
even  when  the  nutrition  of  the  animals  has  not  been  much  interfered  with.  Persons  suffering 
from  disturbances  of  the  biliary  secretion,  or  from  liver  affections,  ought,  therefore,  to  abstain 
from  fatty  food.  [The  digestion  of  flesh  and  gelatin  is  not  interfered  with  in  dogs  by  the 
removal  of  the  bile  {v,  VoU).  Doss  with  biliaiy  fistula  can  digest  albumin  and  carbohydrates 
as  completely  as  normal  dogs.  The  putrefactive  smell  of  the  fseces  in  dogs  with  intestinal 
fistula  is  due  to  the  unabsorbed  fat  enclosing  the  jiroteids,  which  become  decomposed  by  the 
putrefactive  organisms  of  the  intestine  (Bunge).'\ 

(B)  Fresh  bile  contains  a  diastatic  ferment,  which  transfofms  starch  into  sugar, 
and  also  glycogen  into  sugar.  [This  is  a  very  feeble  diastatic  action,  and  is  appar- 
ently not  greater  than  that  possessed  by  some  other  non-digestive  juices  in  the 
body.     BUe  has  no  action  on  albumin.] 

(C)  Bile  excites  contractions  of  the  muBCular  coats  of  the  intestine,  and  con- 
tributes thereby  to  absorption.  [In  cases  of  biliary  flstula  in  man  regular  action 
of  the  bowels  may  occur  without  the  presence  of  bile  in  the  intestine.] 

(1)  The  bile-acids  act  as  a  stimulus  to  the  mnaolee  of  the  Yilli,  which  contract  from  time  to 
time,  80  that  the  contents  of  the  origins  of  the  lacteals  ire  emptied  towards  the  larger  lym- 
phatics, and  the  villi  are  thus  in  a  T)osition  to  absorb  more.  [The  villi  act  like  numerous  small 
pumy>8,  and  expel  their  contents,  which  are  prevented  from  returning  by  the  presence  of  valves 
m  the  larger  lymphatics.] 

(2)  The  miiBcalatiire  of  the  intestine  itself  teems  to  be  excited,  perhaps  through  the  agency 
of  the  plexus  myentericus.  In  animals  with  a  biliary  fistula,  and  in  which  the  bile-duct  is 
obstnicted,  the  intestinal  peristalsis  is  greatly  diminished,  while  the  salts  of  the  bile-acids 
administered  by  the  mouth  cause  diarrhoea  and  vomiting.  As  contraction  of  the  intestine  aids 
absorption,  bile  is  also  necessary  in  this  way  for  the  absorption  of  the  dissolved  fuoil-stuffs. 

(D)  The  presence  of  bile  seems  to  be  necessary  to  the  vital  activity  of  the  intes- 
tinal epithelium  in  its  supposed  fimction  of  being  concerned  in  the  absorption  of 
fatty  particles  (§  190). 

(E)  Bile  moistens  the  wall  of  the  intestines,  and  gives  to  the  fseces  their  normal 
amount  of  water,  so  that  they  can  be  readily  evacuated.  Animals  with  a  biliary 
fistula,  and  some  individuals  with  obstruction  of  the  bile-ducts,  are  very  costive. 
The  mucus  aids  the  forward  movement  of  the  ingesta  through  the  intestinal  canal. 
Thus,  in  a  certain  sense,  bile  is  a  natural  purgative, 

(P)  The  bile  diminishes  putrefactive  decomposition  of  the  intestinal  contents, 
especially  with  a  fatty  diet,  §  190.  [Thus,  it  is  an  antiseptic,  although  this  is 
doubted  by  v.  Voit  Its  so-called  antiseptic  action  is  quite  unimportant.  Bile 
itself  rapidly  decomposes  outside  the  body.] 

(O)  When  the  strongly  acid  contents  of  the  stomach  pass  into  the  duodenum 
the  glycocholic  acid  is  precipitated  by  the  gastric  acid,  and  carries  the  pepsin  witn 
it  (Burkart),  Some  of  the  albumin,  which  has  been  simply  dissolved  (but  not 
peptone  or  pi-opeptone),  is  also  precipitated  by  the  taurocholic  acid  (Mcdy  and 
Emidi),  The  bile-salts  are  decompos^  by  the  acid  of  the  gastric  juice.  When  the 
mixture  is  rendered  alkaline  by  the  pancreatic  juice  and  the  alkali  derived  from  the 
decomposition  of  the  bile-salts,  the  pancreatic  juice  acts  energetically  in  this  alka- 
line medium  {Moleschott). 

[Taurocholic  acid  and  its  soda  salts  precipitate  albumin,  but  not  peptone  ;  glycocholic  acid 
does  not  precipitate  albumin,  so  that  in  the  intestine  the  peptone  is  separated  from  the  albumin 
(and  syntonin),  and  may  therefore  be  more  readily  absorbed,  while  the  precipitate  adhering  to 
the  intestinal  wall  can  be  furtiier  digested  {Maly  and  Emich),  Taurocholic  acid  behaves  in  the 
same  way  towards  gehitin  peptone.] 

Billons  Vomit. — When  the  bile  passes  into  the  stomach,  as  in  vomiting,  the  acid  of  the  gastric 
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jttice  uuit&s  with  the  baaes  of  the  biltj-snlts  ;  sodium  chloride  and  frc«  bUe-adds  are  formed,  and 
the  acid-rcactioTi  h  thereby  somewhat  diuniiished.  Tbe  bilf-acidi.  caiinut  carry  on  guttic 
digestion  ;  the  neutraU<iatioii  also  causes  a  precipitation  of  the  pe^jtMiii  and  nuiciii.  As  aoou, 
however,  as  the  walls  of  tLe  stomach  secretR  ijioi'«  acid,  the  pepsin  is  redissolved*  Tbe  bile 
which  passes  into  thti  stomach  deranges  gastrit:  dij^t^stion,  hy  shrivelling  tbe  prottfids,  which  can 
only  be  fjeptonised  wliiii  they  are  Bwollen  np  {p.  297). 

182.  FATE  OF  THE  BILE,— Some  of  tin-  biHury  constitueiite  arc  completely 

evacuat(-Hl  with  tin*  fs&fos,  while  otln^rs  aro  iruhsorbetl  liy  the  mtestiual  walls.  [A 
considenihle  ]iToportit)ii  of  the  l»ile  i.H  t^xcreted.] 

(1)  Mucin  puHsts  imfhaiiged  into  tin*  fji^res. 

(2)  The  bile-pigments  an?  reducerl,  aiiil  ait*  partly  excreted  with  the  faeces  n» 
hydrabilirubin,   and   jiartlv  as  tlie   ideiitieal  eiiil-product  urobilin  ]>v  the  iimie 

Fioin  meconium  hydrobilirubin  is  absoiit,  while  ciyisttilline  bilirubin  and  biliveniin,  nnd  «u 
nnknown  rod  oxidatioD-prodiiLt  of  them,  are  proaeiit  [bile-acids,  even  tan  roc  ho  I  ie%  and  small 
triR'ea  of  fatty  acids]  {Zictifcl),  bo  thut  it  gives  Gmdin's  reaction.  Heiue,  no  rctlnction — but 
ratliei'  oxidution — processes  occur  in  the  fujtai  lotcstinc.  [Compoaitioti  of  meconium. — Dary 
gives  7 i3  7  percent,  water,  23*6  mucus  and  epithelimu,  1  pt;r  cent,  fat  abd  cbolestcrin,  and  9 
per  cent,  bile-piffmiints,  Zwuifel  gives  7978  per  cent,  water,  and  solids  20 '22  \wt  cent.  It 
doe?i  not  contain  lecithin^  hut  eo  much  Ijilirubin  that  Hoppe-Seyler  uses  it  as  a  good  souroe 
whence  to  obLain  this  pigment.     It  givea  iv  Hpectriim  of  a  body  related  to  urohilin,] 

(3^  Cbolefiterin  in  ^ivfii  oil  with  the  ffecets. 

(4)  Tli(^  bile-salts  are  for  the  iinist  part  reuhsorbed  hy  the  walls  of  the  jejunum 
and  ileiini,  to  he  re-em}doved  in  tlie  antinar«  economy »  Tappeiner  found  them  iu 
the  thyie  of  the  thuracic  dnct — minute  quantities  jkiss  nr)rimilly  from  the  hhxxl 
into  the  urine.  Oidy  a  very  small  amount  of  glyewholie  acid  itpfiears  unchanged 
ill  the  ffeces.  The  tauroeln die  acid,  an  far  a8  it  is  not  absortel,  in  easily  dee^im- 
posed  in  tbe  intestine,  by  the  putrefnetive  proceRsefv,  into  eholalie  acid  and  Liurin ; 
the  fonmn'  of  tlie8e  is  found  iti  the  ftei^e.s,  but  the  taurin  at  least  seem^s  not  to  lie 
constmitly  prenent.  Part  of  the  chohdic  acid  is  absorbed,  and  may  unite  in  the 
liver  either  witli  ^lycin  or  iauriu  (  Weiss), 

(5)  The  fteees  eontain  mere  tmces  of  lecithin. 

Xznptired  Nutrition. ^T he  greatest  pirt  of  the  miyat  im[mrtant  biliarj^  constituents,  the  btli^- 
aoidif  re-enter  the  blooil,  and  thus  is  explained  why  animals  with  a  biliary  fistula,  where 
all  the  bile  is  lemoved  (without  the  anima!  hein^  allowed  to  lick  the  bile)»  rapidly  lose 
weight.  This  dc|iend8  partly  upon  the  digestion  of  the  fats  being  interfered  with,  and  al^so 
ujjon  the  direct  Ios.h  of  the  bik*  .Halts.  If  such  dngs  are  to  tnaiutjiin  thfir  weight,  they  muat 
eat  twice  a.s  much  food>  In  such  cases,  carbohydrates  most  he neticittlly  replace  the  fats^  If 
the  digestive  apiiaratiis  is  otherwiiie  intact,  tlie  animals,  on  account  of  their  voracity,  may 
even  increase  io  weight,  hut  th«^  Henh  and  not  the  fat  is  increase*!. 

Bile  partly  an  Excretion, — The  fact  that  Idle  is  secreted  during  the  fo&tal 
period,  whilst  none  of  the  other  digestive  fluids  is,  proves  that  it  is  an  excretion. 

The  chotatic  Gu;id  w^hich  is  reahsorbed  by  the  inte^^ttinal  walla  passes  into  the  body,  and 
seems  ultinmtf  ly  to  bp  burned  to  form  €0,^  and  Up.  The  glycin  (with  hippuric  aeid)  fonua 
urea,  as  the  urea  is  increased  after  the  injectioD  of  glycin.  The  fate  of  taarin  is  unknown. 
When  large  f^uantitiis  are  introduced  iDto  the  human  stoiiiacb,  it  reappears  in  the  urine  aa 
tauro-carlMiTnic  aeid,  along  with  a  small  quantity  of  unchanged  tiiurin.  When  injected  i»uh* 
cutaneously  into  a  rabbity  nearly  aO  of  it  reappears  in  the  urine. 

[Practical.— In  practice  it  is  imj)ortaiit  to  remember  lliat  bile,  once  in  the  intestine,  is 
liable  to  be  absorbed  unlesa  it  be  carried  down  the  intentine  ;  hence,  it  is  one  thing  to  gfre 
a  drug  which  will  excite  the  Henretion  of  the  hib?»  /,f.,  a  hepatic  stimulant,  and  another  to 
have  the  bile  so  secreted  expelled.  It  is  wise,  therefori*»  to  give  a  dnig  which  will  do  both, 
or  at  least  to  conibiue  a  hepatic  stimulant  with  one  which  will  stimulate  the  musculature  of 
the  intestine  as  well.  Active  cjrcrci^t  whereby  the  diaphragm  is  vigorously  called  into  nctititi 
to  comprcHs  tlie  liver,  will  aid  in  the  e.Kpulsioii  of  the  bile  from  tbe  liver  (BntnU/H),} 

163.  THE  INTESTINAL  JUICE.— Length  of  Int«fltine. —The  human  inti'stine  is  ten  times 
longer  than  the  length  of  tlu'  b«idy»  as  measured  from  the  vertex  to  the  nuua.  It  is  longer 
comparatively  than  that  of  the  omnivoia.  Its  minimum  length  is  507^  ita  minimum  n»4 
eentimetreH  [17  to  35  feet] ;  its  ca|)acity  is  relatively  greater  in  children  {Beneke)  (t  159). 
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The  succus  entericUB  is  the  digestive  fluid  secreted  1>y  the  iimneronsi  glands  of 
th*'  intestiiiiil  imn-ous  inemhranf.  The  larg*\'^t amoimt  is  i>roduec:d  hy  Lieherkiihii'fcj 
ghinds,  wliile  in  the  ilnrnknuni  there  is  addeil  the  sanity  .secretimi  uf  Biimjier's 
glands. 

Bmnmer'a  glands  are  nnw]],  bran  died »  tubular  gUnda,  lying  in  tlw  Mub-muco-sa  of  the  duo- 
denum, Tbeir  tine  durts  run  inwards,  viierce  tlie  mucous  mem  bran  o,  and  oju^ti  at  I  bo  bases 
of  tbe  villi  (figs,  214,  238).  The  acini  are  huud  by  cyliiidncal  pelU,  like  those  liiiiTig  the 
pyloric  gbind^.  In  faet,  IJmiinei'.s  glauiU  are 
structurally  and  anat^rnic-jtlly  identind  with  the 
pylorie  glaiidi*  of  the  Btoiiiaeh.  Dnriiij^  hn  tiger, 
the  oclis  are  turbid  and  mimlh  while  during 
i\  i^e  jition  1 1  \  ey  are  1  a  rge  u  u  d  i  1  ear.  T I  le  gl  au*  b  re  - 
ceive  ne r ve- fibres froni  MtiHaiier'iJ  ple.xu9  {Drasch). 

I.  The  Secretion  of  Brunner'B  Glands. 
— The  granubir  tojitejiUs  l^f  tlie  sl<  rilory 
eel  Ik  oi  these  glands,  whieli  cjctnr  singly 
ill  man,  hut  fonn  a  eontinnons  lnyt*v  in  the 
ducHlenuin  of  the  sheep,  hewides  protetfh, 
consist  of  muchi  antl  a  frrmeJit'truhiance 
of  tinknown  conwtitntion.  The  watery 
extract  uf  the  glands  enuses— (1)  iSolution 
of  pruteid«  at  the  teiii[jeratnre  i>f  the  Wly 
(Krohw).  (2)  It  also  Um  a  diiistatie 
action.  It  i  on\'ert.s  iimlt^^se  int«i  glncose 
(Brown  ariti  Heron).  It  tloes  uai  a[>pear 
to  net  npon  fat-s. 

On  neconntof  theMinalIiie!^*tor  these  object%'*'^di 
experiments  ai-o  oaly  made  with  gre:it  ditficnlty, 
and,  therefore,  there  in  a  considerable  uncertainty 
with  rtgard  to  the  action  of  the  secretion. 

Lieberkiihn's  glands  im-  .sjmjde  tnhnlar 
ylnwls  reseinlding  the  fingi*r  nf  u  glove 
[or  a  t(*st-tnVie],  which  he  elosely  jiaeked, 
vertienlly  neur  encli  other,  in  the  luneons 
meinhnnip  (hg.  239)  ;  they  are  nicest  nnnierous  iij  the  large  intestine,  -twing  to  the 
absence  of  villi  in  this  region.  They  consist  t)f  a  strnctnreless  menjhrana  prupria 
lined  by  a  single  layer  of  low  eylindrical  epithelium,  ln>tween  which  nnincrouH 
gohlet-eells  ocenr,  the  gohlet-eells  being  fewer  in  the  small  inti^stine  and  much 
more  iniinertms  in  the  large  (fig.  239),  Tlie  glands  of  the  smrdl  intestine  yield  a 
tliin  i^eeretionj  while  tliose  t>f  tla-  large  intestine  yiehl  a  large  amount  of  .sticky 
mncns  from  their  gsd)letH:ells  (K/'t»e  an* I  Heitienkam}.  [In  a  vertical  section  of 
tlie  small  intestiiK^  they  lie  at  the  hjise  of  the  villi  (dgs.  238,  249).  In  trans- 
verse sectiiai  they  are  shrnvn  in  fig.  240.1 

ktihn's  Glai 
chief  source  of  the  intestinal  jnice 

Iiitestiiittl  Fiattila  — The  intestinal  jim&  is  obtained  by  making  a  Thiiy'a  FiBtnla  (1864), 
A  loop  of  the  iiJtestine  of  a  dog  i^  pulled  forward  (tig.  241),  and  a  idece  about  4  inches  in 
length  is  cut  out,  so  that  the  continuity  of  the  intestinal  tube  is  broken,  but  tha  mesentery 
and  itj*  blood-vessela  are  not  divided.  One  end  of  thiu  lube  in  closed,  and  tb^?  other  end  is 
left  upeo  and  stitched  to  the  alxlomioal  wall  (tig,  24 1»  3).  The  two  euda  of  tlie  intestine, 
from  which  this  piece  wan  taken,  are  brought  together  with  sutures^  so  as  to  CHCabliHh  the 
continnityof  the  iiiteittinal  canal  (lig.  241,  2).  The  exci^^ed  pieces  of  inteNtine  yield  a  secretioD 
whieb  is  nticontamin.ite'l  with  any  other  digestive  secretion.  [Tlury'a  method  is  very  unsatis- 
factory, as  Judgyd  from  the  action  of  the  aeparat^jd  loo[»  in  relation  to  medicaments, 
probably  owing  to  iti  mucous  membrane  becoming  atrophied  from  disuse,  or  injured  by  iuflain- 
mation,] 

[AleadG  Smith  makes  a  sniall  opening  in  the  iute^tine^   through  which  he  introduces  two 
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Fig.  238. 

Vertical  section  of  fhiotlcnnra  (cat)  x  30,  J?, 
epitheh'um  ;  c  and  /,  circular  and  longi* 
tudinal  muscular  tihri^;  L,(j,  Lieberkiibn's 
glands ;  B.g^  Brnnner's  glands  ;  t/,  gang- 
lion  cells  ;  i?,  villi. 
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Buidll  (;o11a|>se(i  India -rubber  balls^  one  above  Aiid  tliu  ot1i«r  beloit'  tlii:  uponiiig,  whicb  arc*  ilien 
distended  by  mtktion  until  tlivy  comiilctely  block  a  certain  length  of  tUe  intestine.  The  l<JOp 
thns  bloek«:*il  t)tF,  having  be«ii  previously  well  woHhed  nut,  is  allowed  to  become  filled  with 
succus,  which  is  secreted  on  the  apiilicalioii  of  vntijUB  stimuli.  By  means  of  HerJiard'h  jgastric 
canBulu  (§  HVi)  inserted  into  the  tiiituhi  in  the  loop,  the  i^eeretion  eun  be  removed  when  desired.] 
[VeUft^BFiatnla.— Oiicn  the  belly  of  ii  dog,  and  pnll  out  a  loop  (30  to  50  ctnu)  [1  to  li  feet] 
of  smnll  intr.stine,  aiid  ligature  it  ;  divide  it  alwive  and  below,  and  re-establish  the  continuity  of 


Fig.  239. 

L)eh«rkiihn's  gland  froiu 
the  large  inti'iitine 
(dog). 


1  3  14" 

Fig,  24  L 

.Silieme  of  Thiry's  tifttula.  1,  2,  3,  4»  Vclla'a 
list  id  a.  A  A'  nre  8titchi?d  together  ;  Ahf, 
AlKloininal  Wi\ll  [Stirling), 


the  rest  of  the  intestine.  Stittib  6f^^  eiidn  of  the  loop  of  intestine  into  th6  wound  in  the  li««?» 
alba  ftig.  241,  4),  ko  that  th^re  in  a  loop  of  intestiue  supplied  by  its  bloodvessels  and  nervw, 
isolated,  and  with  on  ii[vperand  lower  apintui^.J 

The  intestinal  juice  uf  nmli  ti^liike  tiuw«  spoiituiK'oasly  iji  very  tsiiiall  amount* 
tiiid  irt  iiicri'n«i'd  during  di^e.sLbm  ;  it  i>i  iiicrejised — especially  Itt*  nnieus — by 
lueclianifal,  tljeinifvd,  and  LdeLtrical  stimuli ;  at  tlif  .same  time,  tlie  nuicous 
nieiHliiim«  hecotut^w  red,  so  that  100  ceiitimt'ti'i^H  yield  13  to  18  gmms  of  this 
jutee  iti  a  h«mr  (Tkirif),  The  juiet*  is  li^dit  yelbnv,  u|inles*xnit,  tliiut  stiuugly 
alkaliiK?;  sjieeific  gravity  1011  ;  evolveB  CO^j  when  an  arid  is  added;  ii  contaiust 
alUimiiu,  ferments,  and  mucin — es|ie{.'jally  tbt*  juiee  of  the  large  int*^tme.  lU 
eutn[H.witit>ii  18 — wiiter,  97  59  ;  jiruteids,  080  ;  otiier  oroaiiic  sul>^^t4lm•es  =  0*73  j  aaXXj^ 
0'88  per  cent;  aiuougnt  theHi-^stidinm  eiirhoiiate,  0'32  t-i*  0'34  j>er  eeiit. 

[The  intestinal  Juiee  obtained  by  Mesde  Smith's  nietlifMl  contained  only  0*S&  pr  cent,  of 
organic  matter,  and  in  thin  re^^J>eet  agree<l  clo»eJy  with  tho  jniec  which  A.  Moreau  jvrocunHl  by 
dividing  the  tinmniterie  nerves  of  a  ligiitured  loop  of  inteRtine,  Th«  secretion  of  the  \hs^ 
ibtcstitte  ia  much  more  viscid  than  that  of  th«  amiill  inteatinv.] 
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[Very  discordant  i*e8ults  as  to  the  quantity  and  actions  of  the  intestinal  juice  have  been 
obtained  by  different  observei*8.  Roliniann,  however,  working  with  a  Vella's  fistula  finds  that 
the  quantity  of  secretion  obtained  depends  on  the  position  of  the  loop  of  intestine  isolated, 
more  fluid  lieing  obtained  from  the  lower  than  from  the  upper  portion  of  the  gut.  The  fluid  of 
the  upper  portions  yields  much  diastatic  ferment,  that  or  the  lower  only  traces.  Invertiu  is 
found  in  the  upper  but  not  in  the  lower  portions.  Deniant  collected  some  human  intestinal 
juice,  but  he  found  that  it  had  no  action  on  fibrin,  and  only  a  slight  action  on  boiled  starch.] 

Actions  of  SuccuB  Entericus. — It  is  most  active  in  the  dog,  and  in  otlicr  animals 
it  is  more  or  loss  inactive. 

(1)  It  is  less  diastatic  than  the  saliva  and  the  pancreatic  juice,  but  it  does  not 
form  maltose  ;  while  the  juice  of  the  large  intestine  does  not  possess  this  property 
(Eichhorst). 

(2)  It  converts  maltose  into  grape-sugar.  It  seems,  therefore,  to  continue  the 
diastatic  action  of  saliva  (§  148)  and  pancreatic  juice  (§  170),  which  usually  form 
only  maltose. 

According  to  Bourquelot  this  action  is  due  to  the  intestinal  schizomycotes  and  not  to  the 
intestinal  juice  as  such,  the  saliva,  gastric  juice,  or  invertin.  The  greater  part  of  the  maltose 
appears,  however,  to  be  absorbed  unchanged. 

(3)  Fibrin  is  slowly  (by  the  trypsin  and  pepsin — KtUme)  peptonised  {Thtry, 
Leuhe) ;  less  easily  albumin  (Maslof)^  fresh  casein,  flesh  raw  or  cooked,  vegetable 
albmnin ;  probably  gelatin  also  is  changed  by  a  8i)ecial  ferment  into  a  solution 
which  does  not  gelatinise  (Eichhorst). 

(4)  Fats  are  only  partly  emulsionised  (Schiff),  and  afterwards  decomposed 
(Vella), 

(5)  According  to  CI.  Bernartl  invertin  occurs  in  intestinal  juice  (this  ferment 
can  also  be  extracted  from  yeast).  It  causes  cane-sugar  (CijHgoOji)  to  take  up 
water  ( +  H2O),  and  converts  it  into  invert-sugar,  which  is  a  mixture  of  left  rotating 
sugar  (laevulose,  (C(jH,20„)  ami  of  grape-sugar  (dextrose,  C^jH^gO^)  (p.  342).  Heat 
seems  to  Ije  absorbed  during  the  process. 

[Hopjie-Seyler  has  suggeHted  that  this  ferment  is  not  a  natural  product  of  the  body,  but  is 
introduced  from  without  with  the  food.  Matthew  Hay,  however,  finds  it  to  be  invariably  pre- 
sent in  the  small  intestine  of  the  foetus.] 

[Bunge  su^ests  that  as  it  is  doubtful  if  it  has  any  digestive  action  on  food,' that  its  chief 
im{)ortance  lies  in  the  sodic  carbonate  which  it  contains.  This  substance  neutralises  the  acids 
of  the  intestinal  contents,  and  heli«  to  emulsify  the  fats.] 

[Eflfect  of  Drags  on  the  Saocns  £iitericii8.— The  subcutaneous  injection  of  pilocarpin  causes 
the  mucous  membrane  of  a  Vella's  tistula  to  be  congested,  when  a  strongly  alkaline,  opalescent, 
watery,  and  slightly  albuminous  secretion  is  obtained.  This  secretion  produces  a  reducing 
sugar,  converts  cane-sugar  into  invert-sugar,  emulsifies  neutral  fats,  ultimately  splitting  them 
up,  peptonises  proteids,  and  coagulates  milk,  even  although  the  milk  be  alkaline.  The  juice 
attacks  the  sarcous  substance  of  muscle  before  the  connective- 
tissues — the  reverse  of  the  gastric  juice.  The  mucous  membrane 
in  a  Vella's  fistula  does  not  atrophy.  K.  B.  Lehmann  finds  that 
the  succus  entericus  obtained  from  the  intestine  of  a  goat  by 
a  Velio  fistula  has  no  digestive  action.  ] 

The  Action  of  Nerves  on  the  secretion  of  the  intestinal  jnice 
is  not  well  determined.  Section  or  stimulation  of  the  vagi  has 
no  apparent  effect ;  while  extirpation  of  the  large  symi>athctic 
abdominal  ganglia  causes  the  intestinal  canal  to  be  filled  with  a 
watery  fluid,  and  gives  rise  to  diarrhoea.  This  may  be  explained 
by  the  paralysis  of  the  vaso-motor  nerves,  and  also  by  the  section 
of  large  lymphatic  vessels  during  the  operation,  whereby  absorp-  "ig.  242. 

tion  is  interfered  with  and  transudation  is  favoured.     Ifforean's   Scheme  of  Morean's  exjwri- 
Ezperiment— Moreau  placed  four  ligatures  on  a  loop  of  intestine  ment  (Stirling), 

at  equal  distances  from  each  other  (fig.  242).     The  ligatures  were 

tied  so  that  three  loops  of  intestine  were  shut  off.  The  nerves  (N)  to  the  middle  loop  were 
ivided,  and  the  intestine  was  replaced  in  the  abdominal  cavity.  After  a  time,  a  very  small 
amount  of  secretion,  or  none  at  all,  was  found  in  two  of  the  ligatured  compartments  of  the  gut, 
I.e.,  in  those  with  the  nerves  and  blood-vessels  intact  (1,  3),  but  the  compartment  (2)  whose 
nerves  had  been  divided  contained  a  watery  secretion.     Perhai>s  the  secretion  which  occurs 
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after  section  of  the  Diescuteric  nerves  is  a  ])aralytic  secretion.  The  secretion  of  the  intestinal 
and  gastric  juices  is  diminished  in  man  in  certain  nervous  affections  (hysteria,  hypochondriasis, 
and  various  cerebral  diseases) ;  while  in  other  conditions  these  secretions  are  increased. 

Excretion  of  Drugs. — If  an  isolated  intestinal  fistula  be  made,  and  various  drugs  adminis- 
tered, the  mucous  membrane  excretes  iodine,  bromine,  lithium,  sulphocyanides,  but  not 
potassium  ferrocyanide,  arsenious  or  boracic  acid,  or  iron  salts. 

In  sacklings,  not  unfrequently  a  large  amount  of  acid  is  formed,  when  the  fungi  in  the 
intestine  split  up  milk-su&;ar  or  grape-sugar  into  lactic  acid  {Let^),  Starch  changed  into 
grape-sugar  may  undergo  the  same  abnormal  process  ;  hence,  infants  ought  not  to  be  fed  with 
starchy  food. 

[Fate  of  the  digestive  Ferments. — Langley  is  of  opinion  that  the  digestive  fermeuts  are 
destroyed  in  the  intestinal  canal ;  the  diastatic  ferment  of  saliva  is  destroyed  by  the  free  HCl 
of  the  gastric  juice;  i)epsiu  and  rennet  are  acted  upon  by  the  alkaline  salts  of  the  pancreatic 
and  intestinal  juices,  and  by  trypsin  ;  while  the  diastatic  and  peptic  ferments  of  tho  pancreas 
disappear  under  tho  influence  of  tne  acid  fermentation  in  the  large  intestine.    (See  Urine,  §  262.)] 

184.  FERMENTATION  IN  THE  INTESTINE.— Those  processes,  which 
are  to  be  regarded  as  fermentations  or  putrefactive  processes,  are  quite  dififerent 
from  those  caused  by  the  digestive  enzymes  or  ferments  just  considered.  [Lea 
proposes  the  term  zymolysis  for  the  changes  brought  about  by  unorganised 
ferments,  in  contradistinction  to  the  results  produced  by  organised  ferments,  such  as 
yeast,  or  various  bacteria.]  The  putrefactive  changes  are  connected  with  the 
presence  of  lower  organisms,  so-called  fermentation-  or  putrefaction-producers :  and 
they  may  develop  in  suitable  media  outside  the  body.  The  lowly  organisms 
which  cause  the  intestinal  fermentation  are  swallowed  with  the  food  and  drink, 
and  also  with  the  saliva.  Wlien  they  are  introduced,  fermentation  and  putre- 
faction begin,  and  (jases  are  evolved. 

Intestinal  Gktses. — During  the  whole  of  the  foetal  period,  until  birth,  fermenta- 
tion cannot  occur ;  hence  gases  are  never  present  in  the  intestine  of  the  newly-born. 
The  first  air-bubbles  pass  into  the  intestine  with  the  saliva  which  is  swallowed, 
even  before  food  has  been  takeiu  The  germs  of  organisms  are  thus  introduced 
into  the  intestine,  and  give  rise  to  the  formation  of  gases.  The  evolution  of 
intestinal  gases  goes  hand  in  hand  with  the  fermentations.  Air  is  also  swallowed, 
and  an  exchange  of  gases  takes  place  in  the  intestine,  so  that  the  composition  of 
the  intestinal  gases  depends  upon  various  conditions.  Kolbe  and  Ruge  collected 
the  gases  from  the  anus  of  a  man,  and  found  in  100  vols. : — 


Food. 


CO.,. 

H. 

CH4.           I             X. 

HjS. 

16-8                  48-8 
12-4          i           2-1 

210          1           4-0 

1 

0-9                  38-8 
27-5                  57-8 
55-9                  18-9 

Quantity  not 
estimated. 

Milk,  . 
Flesh,  . 
Peas, 

1.  Air-bubbles  are  swallowed  with  the  food.  The  O  is  rapidly  absorbed  in  the 
intestinal  tract,  so  that  in  the  lower  jxirt  of  the  large  intestine,  even  traces  of  O 
are  absent.  In  exchange,  the  blood-vessels  in  the  intestinal  wall  give  off  COj 
into  tlie  intestine,  so  that  part  of  the  COg  in  the  intestine  is  derived  by  diffusion 
from  the  blood. 

2.  H,  CO2,  NH3,  and  CH^  are  also  formed  from  the  intestinal  contents  by 
fermentation,  which  takes  place  even  in  the  small  intestine. 

Fungi, — Tlie  chief  agents  in  the  production  of  fermentations,  putrefaction,  and  other  similar 
decompositions  arc  undoubtedly  the  group  of  fungi  called  fiflsion  fangi  or  schiKMnyoetea. 
They  are  .small  unicpllular  organisms  of  various  forms —globular,  micrococom ;  short  rods, 
bacterium ;  long  rods,  badllus ;  or  spiral  threads,  vibno,  sidriUuin,  spiroohiBta  (fig.  32). 
The  mode  of  reproduction  is  by  division,  and  they  may  either  remain  single  or  unite  to  form 
colonies.  Each  organism  is  usually  capable  of  some  degree  of  motion.  They  produce  profound 
chemical  changes  in  the  fluids  or  media  in  which  they  grow  and  multiply,  and  these  changes 
dei>en(l  ujwn  the  vital  activity  of  their  protoplasm.      These  minute  microscopic  organiaros  take 
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certain  constituents  from  the  "nutrient  fluids"  in  which  they  live,  and  use  them  jvirtly  for 
building  uj)  their  own  tissues  and  partly  for  their  own  metabolism.  In  these  processes,  some 
of  the  substances  so  absorbed  and  assimilated  undergo  chemical  changes,  some  ferments  seem 
thereby  to  be  produced,  which  in  their  turn  may  act  upon  material  present  in  the  nutritive 
fluid. 

These  fungi  consist  of  a  capsule  enclosing  protoplasmic  contente.  Many  of  them  are  provided 
with  excessively  delicate  cilia,  by  means  of  which  they  move  about  The  new  organisms, 
produced  by  the  division  of  pre-existing  ones,  sometimes  form  largo  colonies  visible  to  the  naked 
eye,  the  individual  fungi  being  united  by  a  jelly-like  mass,  the  whole  constituting  zoogloea. 
In  some  fungi,  reproduction  takes  place  by  spores  ;  more  especially  when  the  nutrient  fluids  are 
poor  in  nutritive  materials.  The  bacteria  form  longer  rods  or  threads,  which  are  jointed,  and 
in  each  joint  or  segment  small  (1-2  fi)  highly  refractive  globules  or  spores  are  developetl  (fig. 
243,  7).  In  some  cases,  as  in  tlie  butyric  acid  fermentation,  the  rods  become  fusiform  before 
spores  are  formed.  When 
tne  envelope  of  the  mother- 
cell  is  ruptured  or  destroyed, 
the  spores  are  liberated,  and 
if  they  fall  upon  or  into  a 
suitable  medium,  they  genni- 
nateand  reproduce  organisms 
similar  to  those  from  which 
they  sprang.  The  process  of 
spore  •  prodnction  is  illus- 
trated in  fig.  243  B,  7,  8,  9, 
and  in  1,  2,  3,  4  is  shown  the 
process  of  germination  iu 
the  butyric  acid  fungus.  The 
spores  are  very  tenacious  of 
life  ;  they  may  be  dried, 
when  they  resist  death  for 
a  very  long  time ;  some  of 
them  are  killed  by  being 
boiled.  Some  fungi  exhibit 
their  vital  activities  only  in 
the  presence  of  O  (sBrobes), 
while  others  require  the 
exclusion  of  O  (ansdrobes, 
Pasteur).  According  to  the 
products  of  their  action,  they 
are  classified  as  follows  : — 
Those  that  produce  fermen- 
tations (zymogenie  schizomycetes) ;  those  that  proiluce  pigments  (chromogenic) ;  those  that 
Sroduce  disagreeable  odours,  as  during  putrefaction  (bromogenic) ;  and  those  that,  when  intro- 
uced  into  the  living  tissues  of  other  organisms,  produce  pathological  conditions,  and  even 
death  (pathogenic).     All  these  different  kimls  occur  in  the  human  body. 

When  we  consider  that  numerous  fungi  are  introduced  into  the  intestinal  canal  with  the 
food  and  drink — that  the  temperature  and  other  conditions  within  this  tube  are  specially 
favourable  for  their  development ;  that  there  also  they  meet  with  sufficient  pabulum  for 
their  development  and  reproduction — we  cannot  wonder  that  a  rich  crop  of  these  organ- 
isms is  met  with  in  the  intestine,  and  that  they  produce  there  numerous  fermentations. 

I.  Fermentation  of  Carbohydrates. — (1)  Bacillus  acidi  lactic!  consists  of 
biscuit-shaped  cells,  1*5-3  fi  in  length,  arranged  in  groups  or  isolated.  They 
split  up  grape-sugar  into  lactic  acid  : — 

1  grape-sugar  =  CgHjgOfl  =  2{C^B.fP^)  =^  2  lactic  acid. 

Milk-sugar  (CijHmOu)  can  be  split  up  by  the  same  ferment,  causing  it  to  take 
up  HgO,  and  forming  2  molecules  of  grape-sugar,  2(C6H,20g),  which  are  again 
split  into  4  molecules  of  lactic  acid  4(C3He03). 


5%^ 

J 


A,  Bacterium  aceli  in  the  form  of— cocci  (1)  ;  diplococci 
short  rods  (3) ;  and  jointed  threads  (4,  5).  B,  Baeilhis  bulyrieus 
— (1)  isolated  spore;  (2,  8,  4)  germinating  condition  of  the 
sjiores ;  (.5,  6)  short  and  long  rods  ;  (7,  8,  9)  formation  of 
spores  within  a  cellular  fungus. 


This  fungus  and  its  spores  occur  everywhere  in  the  atmosphero,  and  are  the  cause  of  the  spon 
taneous  acidification  and  subsequent  coagulation  of  milk  (§  230).  ' 


There  are  other  lactic  acid- 


forming  fungi. 

(2)  Bacillus  butyricus,  which  in  tlie  presence  of  starch  is  often  coloured  blue 
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.by  iodine,  r  haiigos  lactiL'  arid  into  luityrir'  arid,  togt^ther  with  VO.^  and  H  {p3*€iz- 
motPftA'i). 


(CaHflO^)  lartie  nvi 


i  U^H^U.,  =  1  InitTrie  acid. 
d=      2(C<).f  =  2  larlioii  di*. 
(         4H  -4  hytlrogen. 


*ar!)oii  dioxidt!. 


This  fungiiH  (fig.  243,  B)  ib  a  trae  aiirerobe,  mn\  gioxvs  only  in  the  aliaence  of  0,  The  lactic 
acid  fun^iH  uses  O  very  krgoly,  nntl  i»,  tbcrefore,  iu  iiatiiiftl  precursjor.  The  bnlyric  ncid 
femieiitiition  i»  the  last  chaiiRe  uiuleigone  by  tnauy  c!iibobytlratc«,  espcdally  by  stiirch  And 
iuuliij,     U  takt's  (ilrtoe  L-oiistuntly  in  the  fipces.     S^im©  other  J'utijp  have  a  similar  action. 

(3)  Cerbxin  luicrococci  eansp  alrtthol  to  be  formed  fj-om  t!!irl>oliytln»t<*s.  Tlie 
proscnrt^  nf  yeast  luuy  « suit^c-  tin?  formatiun  of  ideobol  in  tlie  intestine,  and  in  l><ith 
vaaen  also  fr^an  luilk-sngar,  wLirli  first  brHiinn's  rliang4^d  into  dextrcw. 

(4)  Bactenum  aceti  (Hg.  243,  A)  eonverte  nh  ohol  into  awtic  acid  ontsifie  the  Itody.  Alcohol 
(C^HftOl-^-O^aH/)  (Al<rebyd)+  H.O.  Acetic  ncid  (C^HPj)  is  lonncd  from  nUlcbyd  by  oxida- 
tion. AccordiDg  ti)  N.%elit  the  same  fungus  i'aaiM*a  the  fornmtifju  of  a  sniftHummint  of  CO«  and 
HjO.     An  the  acetic  fcrraentatiou  i«  arretted  at  '65°  C,  this  finuentjitioii  cannot  occur  in  tJi« 

ntestine,  and  the  acetic  acidf  whicb  \s  constantly  found  in  thu  ftrccs,  iuukI  Uc  derived  from 
another  source.  Ehiring  putrefaction  of  the  proteids,  witli  cxtluMion  of  air,  acetic  acid  is 
prmluced  (A^fncki). 

(5)  Starch  and  celluloBe  are  partly  tiim>lred  liy  tlie  scliizoniycetea  (Bac.  butjTieus 
and  Vibrio  nignla)  <if  tht^  intestine.  Tf  ^ellnlose  b**  nnxed  with  ilcmc^d-nrnt'iiK, 
(tv  with  the  i^nntf'nts  of  the  intc\stine,  it  [lURses  into  asacrliarine  earlMdrydrnt^^  which 
d*'<"ian|Mtse.^  inti*  e<]n}d  volnme«  of  C(\r  and  CH^  {Hoppe'S*'f/hr), 

When  the  rellnlose  pnvelo|W8  are  Hoftrripd  and  dissolved  the  digestive  juices  ran 
iw t  u ]  >t  a  1  t  hf  (^ J  K ' h  m^d  i I i ge,s ti  I  d e  ]  >a vis  of  tilt'  grai i ia  (  Tap/femer ) . 

[Digestion  of  Cellulose.— In  herbivora  40=60  inn-  ci^nt.  of  the  cellulose  t^ikeit  in 
the  forxl  disiifipear^  in  the  intestine.  Xone  of  tJie  di^^estive  Juiee^  mn  digest  eelKl- 
loso  fio  long  as  initrefnctioii  tloes  not  tiike  pla<:c^  in  the  tligestive  mixture.  The 
maceration  of  the  eelhdose  with  .-^diva  hegiii!=^  it*  the  [lannch,  bnt  the  eJiief  change 
take«  place  in  the  cxeeum.  It  seems  tlnit  first  a  sngar-like  IkkIv  in  foniied,  and 
afterwards  this  may  l»e  split  \\p  into  CCK,  and  CH^.  The  pntrefaetion  of  eelluliiae 
yiehls  large  qnantilie.s  of  CO^  ami  CH^.] 

[Weinke  found  that  he  could  digest  a  considerable  qnantity  of  the  wood -fibres  or  cellulose  «>f 
carrota^  cabbage,  and  celery,  bnt  it  can  scarcely  be  legnrded  na  a  fot>d  for  man.  It  bowcvrr 
acts  as  a  niechaiiical  fitinailuA  to  promote  ]>erirjtalHij)  of  the  intcHttnc.  Hence  it  is  ■,biHdtit4;ljr 
f^jtsential  ftir  animals  with  a  long  intestine^  i!.tj.t  rabbits.  A  rabbit  fed  on  food  free  from  cellulofio 
rapidlvdiea,  becaust^  the  onward  movcnicnt  of  t!ie  intfstin  n  I  coiitciit8  ceases.  If  horn  panng;» 
be  added  to  the  fomi— which  are  quite  iudigcatihle — nutrition  is  normal  in  rabbits  ;  they  act 
in  a  purely  mechanical  manner  in  place  of  the  celkiloae  {Knirrirm).} 

(6)  Fnngi,  whose  initnre  is  nnkntuvn,  eiin  partly  transform  nhtrch  (?  and  celliilo?***) 
intr»  sugiir. 

(7)  Others  ]>r<jNhire  the  ferment  invertm.  Invcrtin  ran  change  wine^ugar,  uulk- 
sngar,  and  lualt^wc  into  ghieoses  (dextrose,  LTvnlose,  gEdaetose)  (g  183,  11.,  5). 
Yeast  has  a  similar  action  {|^  183,  IL,  Ti), 

Cane  sugar      Water        iJextiose        I.,feviduse 

n.  Fermentation  of  Fats  (S  251),— Dtning  pntrefneticai,  orgiinismH  <•{  an 
nnknctwn  nature  vnwM'  neutral  fat.'*  to  take  uj»  water  and  sjdit  int4:>  glyeerin  and 
their  et>rresponf|ing  fatty  acid  (§  170).  Glycerin  is  t  a  pa  hie  of  mniergoing  several 
fiTnientations,  arrording  to  the  fnngns  vvhii  l\  nvU  n|«on  it  {^  liril ).  With  a  neutral  res 
action,  in  addition  to  succinic  acid,  a  iininlier  of  fatty  acids  H  *<'i'l  ^'**2  **'**  forniCHl, 

Fiti  found  that  the  fmif-bacill ilh  (Bacilhij*  HubtibX  fig.  2-14)  formed  alcohol,  nnd  caproic, 
butvric,  and  acetic  acids  ;  in  other  caste**,  es| fecial ly  butylic  alcohol,  van  de  Yelde  found  butyric, 
lactic,  and  tracen  of  nuccinic  acid  with  COj,  H^O,  N. 

TJie  fatty  acids,  especially  us  chalk  30fii>s,  ft>nn  an  excellent  niateriftl  for  fennen- 
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tution.     Calcium  formiatc  mixed  with  cloacal-mucus  fermente  and  yields  calcium 
carlxmate,  CO2  and  H  ;  calcium  acetate,  umler  the  «ame  conditions,   produces 


alcium  carlwnate,  COg  and   CH^. 


same 
Amongst  the  oxy-CLridB,  we 


are   acquainted 
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Barilhui  suUilis,  1,  spore  ;  2,  3,  4,  its  germination  ;  5,  6,  short  rods  ; 
7,  jointed  thread,  with  the  formation  of  spores  in  each  segment ;  8, 
short  rods,  some  of  them  containing  spores ;  9,  spores  iu  single  short 
i-ods  ;  10,  fungtis  with  a  cilium. 


with  the  fermentations  of  lactic,  glycerinic,  malic,  tartaric,  and  citric  acids. 

According  to  Fitz,  lactic  acid  (iu  comhination  with  chalk)  produces  propionic  and  acetic  acids, 
COjjHjO.  Otlier  ferments  cause  the  formation  of  valerianic  acid.  Olyccrinie  ctcid,  in  addition 
to  alcohol  and  succinic  acid,  yields  chiefly  acetic  acid  ;  malic  acid  forms  succinic  and  acetic  acid. 
The  otlier  acids  above  enumerated  yield  somewhat  similar  products. 

in.  Fermentation  of  Proteids  (§  249).— The  undigested  proteids  and  their 
derivatives  api)ear  to  l>e  a(?ted  ujwn  by  fungi.  Many  fission  fungi  (Bac.  subtilis 
and  the  spirillum 
of  cheese),  how- 
ever, can  j)roiluce 
a  fpeptoninng  fer- 
ment^ so  that  a 
small  amount  of 
the  peptonising 
done  in  the  in- 
testine may  lie 
due  to  microbes. 
This  however  has 
not  l)een  proved, 
although  it  has 
been  rendered 
proliable  by  the 
experiments  of 
VignaL 

We  have  already  seen  that  pancreatic  digestion  acts  uj)on  the  proteids,  forming, 
among  other  prcxlucts,  amido-acids,  leucin,  tyrosin,  and  other  bodies  (§  170,  IL). 
I'^nder  normal  conditions,  this  is  the  greatest  decomjwsition  pro<luced  by  the  pan- 
creatic juice.  The  putrefactive  fennentation  of  the  large  intestine  causei?  further 
and  more  profound  decomjiositions.  Leucin  (C^HjgXOg)  takes  up  two  molecules 
nf  water  and  yields  valerianic  acid  (C.^IIjoO^),  ammonia,  CO.,  and  H4  ;  glydn 
l>ehaves  in  a  similar  manner.  Tyrosin  (CglijiXOg)  is  decomjiosed  into  indol 
(C^H.N),  which  is  constimtly  present  in  the  intestine  along  with  carlwn  dioxide, 
water,  and  H.  If  O  l>e  j)resent,  other  decompositions  take  place.  These  putre- 
factive products  are  absent  from  the  intestinal  canal  of  the  foetus  and  the  newly- 
born.  During  the  putrefactive  decomjxwition  of  proteids,  COg,  HoS,  H,  and  CH^ 
are  formed  ;  the  same  result  is  obt4iined  by  boiling  them  with  alkalies.  Gelatin, 
under  the  same  conditions,  yields  much  leucin  and  ammonia,  COg,  acetic,  butyric, 
and  valerianic  acids,  and  glycin.  Mucin  and  nuclein  undergo  no  change.  Artificial 
])ancreatic  digestion-mixtures  rai)idly  tend  to  imdergo  putrefaction. 

The  substance  which  causes  the  {)cculiar  fncal  odonr  is  produced  by  putrefaction,  but  its 
nature  is  not  known.  It  clings  so  firmly  to  indol  and  skatol  that  these  substances  were  formerly 
regarded  ns  the  odorous  l)odies,  but  when  they  are  prepared  pure  they  are  odourless  {Bayer). 

Amongst  the  solid  substances  in  the  large  intestine  formed  only  hy  putrefaction 
is  indol  (CgHyN),  a  substance  which  is  also  fonned  when  proteids  are  heated  with 
alkalies,  or  by  superheating  them  with  water  to  200°  C.  It  is  the  stage  preceding 
the  iudican  in  the  urine.  If  the  j)roducts  of  the  digestion  of  the  proteids — tlie 
p(»ptoues — are  rapidly  absorbed,  there  is  only  a  slight  formation  of  indol;  but 
when  al)sorption  is  slight,  and  putrefaction  of  the  products  of  pancreatic  digestion 
occurs,  much  indol  is  formed,  and  iudican  appears  in  the  urine. 

Jaffe  found  much  indican  in  the  urine  in  strangulated  hernia,  and  when  the  small  intestine 
v.as  obstructed  (§  262,  1). 


,(4/(  tfVA'imvimvnos  I'IU)I)Ucth  of  proteids.         [Sec.  184. 

t^mtiUum  tiif  fndnt,  Acldulntf  Mtronuly  with  IICl,  aud  uluiko  vigoroosly  after  adding  a  few 
iIM'I'M  (it  liM|M'itllti<«,  II  ttif'Ni  Ini  an  ItitoriMo  rml  colour,  the  pigment  ia  removed  by  ether. 
Thti  iimI(«iImiii*«i  pmialfi  (thrcmtofftn  wlili;h  in  foriiie<l  after  the  digestion  of  fibrin  bv  trypsin,  and 
whloh  mIvmh  i«  vlolnl  fuiliMii  with  hromlnn  wator  {%  170,  II.V  can  m  removed  by  chloroform.  In 
MtjihltuM  III  ItiM  liitil  |ili(iiit<til,  ttiiTii  U  n  Nmiotid  ono,  which  patset  over  during  distillation,  and 
wliltiJi  t>nii  tin  Kill iiitMiMr from  (liu  (liNtlllntu  by  ntlior.  ]k>th  Bubstances  seem  to  belong  to  the 
IllillMiiMiiiM)!  {HiuhiilH>r\i), 

A.  IliiyiM'  |ih>|miiMl  liimiiii  Mim  mtlllrially  Trom  ortho-phcnyl-propionic  acid,  by  boiling 
hHIi  (tlliili«  (»MU«M(t  HtiiU,  (iTtrr  Ihti  addition  of  a  llttlo  grape-iugar.  He  obtained  indol  and 
mIimIuI  Ihimi  hulled  )tUit«.  llo]i|Mt  Hoylrr  found  that  on  feoding  rabbits  with  ortho-nitrophenyl- 
|i)ii|i|iiiih«  Ni<(d,  \\\\w\\  Indlonn  wan  prrin^nt  In  tho  urine. 

VI10IIOI  ((\jll,|n)  JM  fiu'iiiml  ihu'ing  (MitiTfuction  in  the  intestine,  and  it  is  also 
fn^MMMl  Nvhoh  llluln  lunl  |Mnn'tvntir  jnioo  putn^fy  outwide  the  body,  while  Brieger 
foMlul  II  <M»MH|uMlly  in  Iho  fiiv'OM,  It  neeniH  U^  1h»  inrrtMised  by  the  saine  circuni- 
M«M»M»««  \\\\\\  nuMiMiMo  imiol,  m  an  oxoohh  of  indinin  in  the  unne  is  accompanied  b}- 
Hl\  ih^^hM^no  oi  |dvouNUul|dnino  arid  iu  that  fluid  (§  262). 

\\\\\\\  |«u(hd>tUH  Ih'Mh  And  llhiin.  Anddo  i\honyl)M\)pionic  acid  is  obtained,  as  a  decom{>osition- 
^v^'^mUix'I  \\\  t.vh^hi.  A  \>A\X  of  {\\\n  U  tvau»Wn)«^)  by  putrefactive^  ferments  into  hydrocinnamic 
Av^\\  \phi'n\iph^puvuio  MA\\\  The  Utter  i»  vHMUpletely  oxidisMni  in  the  bod^  into  benzoic  add, 
«U\(  t^PIH'iiio  A»  hip^nvHc  acid  iu  the  urine.  Thus  is  ex)daitted  the  formation  of  hippark  acid 
tW^u  «^  \^\Mvl>  albuminous  diet, 

|ikl^U4  ^i\U^^N  -  motUyhudv>n  is  a  tHMistaut  luuuan  fi^^td  sulis^aiice,  ami  has 
Uhvu  |v^v|vu>m  <ivt\tU  UII^x  hv  Nouvki  tuul  Stvn^tnn  fiv>m  eg^illHimin,  by  allowing 
W  \\^  Y\\\wi\  t\vv  a  U>iui  tuuo  \uwlor  ^v^^*r.  It  !ih«^>  apjH\*Ki  in  the  urine  as  a 
M^(|vhuv  s>M^\s^\u\sl  Tno  <MCCXi^Utt  vxf  huuu^n  <*\\^!^  iW^ril^l  by  MaireU  is 
^^v\^l\s\  U^  s  h>d\v*tou\>x  bm  a^  hi>tt\xr\  aiuI  \\Misiaulh^i  ai\*  mikuowiu 

Vs»sk\^^>i^  ^N  vS^i^Vs^x^Au  >Xj^Ivn)  a«i4  i^4  4av  K^K  ^>niM^  fiv«i  a  <««iHKHi  $»Vita»nf  v^ieli 
v^vv^Ia^  wv  NN^^^vd  KH  A^^H<u\  >AW«(  >i^kKV>  >^H««(  il  IS  ^N>«ip<««vU  at  oifte  tiaie  TifU»  »igi  iifaL 

1 1  sx  ,Ni  tho  utjN'isvi  i^siuv^^vV.^w  IV  vx^w^^fviiv^.  with  ^h<*  j>c\vvtss«i  ^>£  pasnfiKtk«L 
h*'  \W<«\.';^n\no  \vKo<i>n'5  ;hv\  uVv^  ^vA^v  >sh!ifn  o-\y\>rr.  ^  <fXcxx»A(vL  oc  aiet  Wlies.  O 
Vx  A^^».'*K.u  V»dU\^IWW>  uKv  \vv.v  .  v\\\  >K'\U  juv  ^f^^^wl  ^k^  t*8;y  jcsik;^  aaii  ly\irc«»u 

^^\\.    ,\s«^x.     Ovxt^^ ''^x>v%v'at.v    feixi  ^kKof^^^aiL^ftrv  tci^  w  «ttSM^-te«c>   inutMk.  ma.  wSa^  a 
^v««i%i«  .v»»v\vKv*.  xs»  A  .W  <^»rt:  '••v^  .ti|««^'  \Mhi^  *  -^<«k>W«ii»   ^ihr  >«c*«»l-c:'*>  Tff hw—i    saaw 

WH^<*'K%.         •"%'      ■Wv'V»«^**^'!:       u».V^«*^    'KnV^X'v     MC«W«*i£V     T!*l»Hfi«aCl»    ^l^<^    ^ClL   :ai   ^KSTK 

'v  ^  S-'        *  V  -    ^*    -  -^t-^v  i>.  .-    '. -.  V. '^>.-  *fc   :♦.?    s...:*  v^   '^■^   •*•  :j""ia    -r 

w'.      .  -x       %*  -  X-  '^    '^-^x     X.-      <  :-    :      »     ;.-.      .^o*^:   -      -v  .->v    >*  -     -,     >^    ^UxtS. 
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micro-organisms  secrete  soluble  ferments  identical  in  their  action  with  the  ferments 
of  the  digestive  juices.  Vignal  states  that  certain  of  these  organisms  contribute  to 
the  dissolution  of  food  in  the  intestine.  It  is  certain  that  they  contribute  to 
many  processes  of  fermentation  and  decomposition  which  go  on  in  the  intestine. 
During  fcetal  life  these  organisms  are  wanting,  but  they  are  numerous  a  few  days 
after  birth  (Beaunts).  In  this  connection  one  cannot  fail  to  remember  that 
bacteria  by  tlieir  action  can  produce  in  albuminous  fluids  albumoses  and  peptones, 
and  that  the  former  bodies  are  now  regarded  by  bacteriologists  as  substances 
wliich  play  an  important  role  in  many  pathological  processes.] 

185.  PE0CESSE8  IN  THE  LAEGE  INTESTINE.— Withm  the  large  in- 
testine, the  fermentative  and  putrefactive  processes  are  certainly  more  prominent 
than  the  dige^stive  processes  proper,  as  only  a  very  small  amount  of  the  intestinal 
juice  is  foimd  in  it.  The  absorptive  function  of  the  large  intestine  is  greater  than 
its  secretory  function,  for  at  the  beginning  of  the  colon  its  contents  are  thin  and 
watery,  but  in  the  further  course  of  the  intestine  they  become  more  solid.  Water 
and  the  products  of  digestion  in  solution  are  not  the  only  sul)stances  absorbed, 
but  under  certain  circumstances,  imchanged  fluid  egg-albumin,  milk  and  its 
proteids,  flesh  juice,  solution  of  gelatin,  myasin  with  common  salt,  may  also  Iw 
absorbed.  Experiments  with  acid-albumin,  syntonin,  or  blood-serum  gave  no  result. 
Toxic  substances  are  certainly  absorbed  more  rapidly  than  from  the  stomach. 
[In  the  dog  the  secretion  of  the  large  intestine  has  no  digestive  properties,  but  fats 
are  al>sorbed  in  it.  Klug  and  Koreck  regard  its  Lieberktthnian  glands  not  as 
secreting-  but  as  al)sorbing-structure8.]^  The  faecal  matters  are  formed  or  rather 
shaped  in  the  lower  part  of  the  gut.  Tlie  cspcum  of  many  animals,  e.g,,  rabbit,  is 
of  considerable  size,  and  in  it  fermentation  seems  to  occur  with  considerable  energy, 
giving  rise  to  an  acid-reaction.  In  man,  the  chief  function  of  the  csecum  is  absori>- 
tion,  as  is  shown  by  the  great  numl)er  of  lymphatics  in  its  walls.  From  the  lower 
part  of  the  small  intestiiKJ  and  the  caecuni  onwards,  the  ingesta  assume  the  fsecal 
odour. 

[Heidenhain  found  that  in  an  excised  loop  of  intestine,  as  in  a  Vella's  fistula,  but  where  the 
two  ends  of  the  loop  were  stitched  together  and  returned  to  the  abdomen,  after  several  weeks 
the  closed  loop  of  gut  was  found  to  contain  a  fsecal-Iike  mass.  It  is  evident,  therefore,  that 
the  secretion  of  the  largo  intestine  must  contribute  matters  to  the  faeces.] 

The  amount  of  fSBCes  is  about  [5  oz.  or]  170  grms.  (60  to  250  grms.)  in  twenty- 
four  hours ;  but  if  much  indigestible  food  be  taken,  it  may  be  as  much  as 
500  grms.  The  amount  is  less,  and  the  al)solute  amount  of  solids  is  less,  after 
a  diet  of  flesh  and  albumin,  than  after  a  vegetable  diet.  The  faeces  are  rendered 
lighter  by  the  evolution  of  gases,  and  hence  they  float  in  water. 

The  consistence  depends  on  the  amount  of  water  present — usually  about  75  i)er 
cent.  The  amount  of  water  depends  partly  on  the  food — pure  flesh  diet  causes 
relatively  dry  faeces,  while  substances  rich  in  sugar  yield  faeces  with  a  relatively 
large  amount  of  water.  The  quantity  of  water  taken  has  no  effect  upon  the 
amount  of  water  in  the  faeces.  But  the  energy  of  the  peristalsis  has.  The  more 
energetic  the  peristalsis  is,  the  more  watery  the  faeces  are,  because  sufficient  time  is 
not  allowed  for  absorption  of  the  fluid  from  the  ingesta.  Paralysis  of  the  blood- 
and  lymph-vessels,  or  section  of  the  nerves,  leads  to  a  watery  condition  of  the  faeces 
(§  183). 

The  reaction  is  often  acid,  in  consequence  of  lactic  acid  being  developed  from 
the  carbohydrates  of  the  food.  Numerous  other  acids  produced  by  putrefaction 
are  also  present  (§  184).  If  much  ammonia  be  formed  in  the  lower  part  of  the  in- 
testine, a  neutral  or  even  alkaline  reaction  may  obtain.  A  copious  secretion  of 
mucus  favours  the  occurrence  of  a  neutral  reaction. 

The  odour,  which  is  stronger  after  a  flesh  diet  than  after  a  vegetable  diet,  is 
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causetl  1\V  Avmo  fjveiU  |iru<UiL'U^  <if  [mttvfiutiitjit  wliirh  huv*'  imX  \H  Ik'iui  isolsitc*!  ; 
aI»o  liy  vnliitik'  fatty  aciils  aiifl  by  suli>]im-c4ti*fl  ijy«li'og*ni,  whim  tiiey  an*  i»re«ont. 

The  colour  of  tilt*  fe'.os  doiHr'iicls  upon  llie  amount  of  altcrtNl  bile-pignionte 
uiixetl  with  tlipiii,  wherehy  11  hrij^ht  yellow  to  a  dark  brown  colour  in  obtamed* 

Tile  colour  of  ili©  ff>od  is  also  nf  {m|»ortai*ce.  Il  umoli  blood  be  prej^ent  in  the  fo-cxl,  tlje 
fruces  are  nhnost  1>rowiiiali-Wiirk  from  liwimatin  ;  p-een  vi;g«tiiblea  =  l)rowiu»h-gi'een  from 
chJoro]>hyll  ;  Lonca  (*/og)  =  white  from  the  fiiiwaiit  of  lirni-  ;  prepnratiotiR  of  iron -^  bbek  from 
the  foniiiilioji  of  suljihidti  of  iroiu 

Till*  feces  rniitaiii — 

(1)  The  unchanged  residues  of  aidiiial  or  legetahle  tiasues  used  a.s  food ;  liaii^ 
horny  iind  clastir  tissues  ;  most  of  the  oelluhvse,  wtMxly  fil>re*i,  spiral  vessels  of 
vej^m table  eells,  ^mis. 

(2)  Portions  of  digestible  substances,  especially  wlien  these  liave  l>eeii  taken  iu 
too  large  aniouiil,  or  when  tliey  liave  ni»t  been  suftiinently  l>rokeii  u(>  by  ehe\Tifig. 
Portions  of  niUHi'ular  fibre.Sj  bani»  t^^iidon,  eartiln^'e,  jxirtirles  of  fat,  eoa*,niliit*nl 
albunun — veget-Jibh-  ivlh   from    pot^it-iu^s   and   oHier   vi*getjible,s    raw  stareh,    ^i\ 

All  footl  yifkls  ft  (vrtiiiu  naiaant  of  rcsiihie— white  breml,  37  i»cr  cent, ;  lire,  4  1  ycr  cent:  ; 
flesli,  4*7  |»erii'nt. ;  potJitooK,  9i  [*vv  o.ut.;  cjibimgf,  1411  ]h}v  cent.  ;  Itliick  br<*a<l»  If^  |kt  eent, : 
yellow  tiiini|>>  '20  7  per  cent.  {Ruhtfcrj. 

(3)  The  decomposition-products  of  the  )»ile-pignient«,  wliirb  do  nut  now  trive 

t  rnielin  s  i-e^ietion  ; 
^>-v»*,  .«i^.t.  ;|.s  well  ivs  the 
altered  bile-acidt* 
(S  177,  2),  Thii^ 
rear ti on,  however^ 
may  be  ohtaine<l  in 
I  m  thnlo|t?i< -al  st^  »(>Ls 
especially  ill  those 
of  a  grt^en  colour  ; 
unaltered  bilim- 
biTu  biliverdin, 
glycMchnhe  iiml 
t4xnrocbo!ic  sumls 
oceur  in  nieeonium 


Fig,  245. 

li,  tcn<loa  ;  e,  c|iidieliuni  ;  </,  lenrotyteji  ; 
f-it  dilfereiit  foriun  of  vegetable  ct-lls  nud  bctwtieii  the  wliole  iiuineititi» 
bactt'iiii,  /.     Between  h  and  h^  yeast ;  k-,  triple  ^ihosplmtc 


rw?cc$,     (f,  muscular  fibres  ; 


[MiicMunii  found 
nu  uiirhang^?d  bik- 
pigiuf^nta  in  the  fvecML 
A  jitib^tanrc  enlled 
Btercobilm     U     ob* 

tatiicd  from  llio  fivccA,  and  it  closely  rcscmbleti  what  hns  been  called  'Mebrilc  '  uixibihiH  but  it 

is  certainly  di  lie  rent  from  noriind  nrobiliii.] 

(1)  Unchanged  mucin  and  nuclein — the  latter  orrasionnllynftei-ii  diet  of  bread, 
tx>i;ether  wit! J  prirtinlly  <liriintej^at4'd  eylintlrieal  epitbeliuin  from  the  inti'stina] 
ennaL  and  i^eeaKioiially  dro]>H  of  oil.  Cbolesterin  Ik  very  rare,  [Ten  gniins  of  n 
8ulMtaiiec>,  stercorin,  said  ti*  be  a  mo<lilicati^m  of  ebolesteriii,  ix-eur  in  tin*  ffpc'e^ 
{Flmf}.]  The  less  tbe  inuens  is  mixt'il  with  the  fcTres,  tbe  l^wer  the  part  of  thp 
int4*stine  friuii  wbieb  it  is  derived  (Xtitftnft^/ff). 

(H)  After  u  milk  diet^  iunl  also  nfter  a  fatty  diet,  (  ry^it^illine  Uf-edh's  of  lime  vtm\' 
bineil  with  fatty  ai'ids  jind  rlialk  soaps  ciuistantly  ixTur,  even  111  ^lncktingH  (Wrt/- 
4tchfitter),  Even  iiiK'lianj^inl  nuis^Hes  i»f  casein  and  fat  occur  during  tbe  milk  cure, 
Com]xnmd.s  f>f  ainiuonia,  with  the  acids  mentioned  as  the  re.^ult  of  puhvfju  ti.iti 
(§184,  1IL)»  Wdoiig  to  the  fcpra!  mattoi's  {Brieger). 


^ 
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(6)  Amongst  inorganic  residues,  soluble  salts  rarely  occur  in  the  faeces  because 
they  diffuse  readily,  e,g.,  (common  salt,  and  the  other  alkaline  chlorides,  the  com- 
pounds of  phosphoric  acid,  and  some  of  tha*4e  of  sulphuric  acid  The  insoluble 
compounds — of  which  amnioniaco-maguesic  or  triple  phosphate  (fig.  245,  A*),  neutral 
calcic  phosphate,  yellow-coloured  lime  salts,  calcium  carbonate,  and  magnesium 
])hosphate  are  the  chief — form  70  per  cent,  of  the  ash.  Some  of  these  insoluble 
.substances  are  derived  from  the  food,  as  lime  from  l)ones,  and  in  part  they  are 
excreted  after  the  food  has  been  digested,  iis  ashes  are  eliminated  from  food  which 
has  been  bunied. 

GoncretionB. — The  excretion  of  inorganic  substances  is  sometimes  so  great  that  they  fonn 
incrustations  around  oilier  faecal  niattei-s.  Usually  ammoniaco-magnesic  phosphate  occurs  in 
large  crystals  by  itself,  or  it  may  be  mixed  with  magnesium  phosphate. 

(7)  Micro-organisms. — A  considerable  portion  of  normal  fsBcal  matter  consists 
of  micrococci  and  microbacteria ;  yeast  is  seldom  absent  {FmicJis^  Nothnagel), 

To  isolate  the  individual  fungi,  Escherich  has  made  pure  cultivatioiui  from  the  intestinal 
<;ontcnt8  of  sucklings,  and  Bienstock  from  adults.     In  the  intestine  of  sacklingB  which  have 
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Fig.  246. 
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1,  Bacterium  coli  commune;  2,  bacterium  lactis  aerogencs ;  3  and  4,  the  lai*ge  bacilli  of 
Bienstock,  with  partial  endogenous  spore-formation  ;  5,  the  various  stages  in  the  develop- 
ment of  the  bacillus  which  causes  the  fermentation  of  albumin. 

iKjen  nourished  entirely  on  their  mother's  milk,  the  Baden  am  lactis  aerogencs  (fig.  246,  2) 
<»use8  the  lactic  acid  fermentation  and  the  evolution  of  CO^  and  H,  in  the  um>er  part  of 
the  canal  where  some  milk-sugar  is  still  unabsorbed.  In  the  evacuationB  is  the  cnaracteristic 
slender  Bacterium  coli  commune  (fig.  246,  1).  In  addition,  occasionally  there  arc  other  bacilli, 
oocci,  spores  of  yeast,  and  a  mould. 
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In  tlie  faeces  of  an  adult,  Bienstock  detected  two 
large  forms  of  bacilli  (fig.  246,  3,  4),  closely 
i*esemb1ing  Bacillus  subtilis  in  form  and  size,  but 
distinguished  from  it  only  by  the  form  of  its  pure 
cultivation,  by  the  mode  of  growth  of  its  spores, 
and  by  the  alisence  of  movements.  Those  two  forms 
can  be  distinpiished  microscouically  by  the  mode  of 
their  cultivation,  which  is  citlver  in  the  form  of  a 
grape  or  a  flat  membrane.  These  two  do  not  excite 
a  fermentative  action.  A  third  micrococcns-like, 
smull,  very  slowly-developing  bacillus  oc<:ui«  in  three-fourths  of  all  stools.  A  fourth  kind 
(absent  in  sucklings)  is  the  specific  bacillus  (§  184,  III.),  causing  the  decomfiosition  of  albumin, 
resulting  in  the  products  of  putrefaction  and  a  faecal  odour.  This  is  the  only  bacillus  that 
excites  these  processes  in  the  intestine  ;  but  it  does  not  decompose  casein  and  alkali-albumin. 
In  fig.  246,  5,  a-g,  the  sta^s  in  the  development  of  this  bacillus  are  represented,  but  the 
^stages  from  c  tog  are  absent  m  the  fsccs,  and  are  found  only  in  artificial  cultivations. 


Amylolytle  ferment 
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Fig.  247. 

Reaction  of  the  conteuts  of  the 
intestinal  tract. 
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If  the  tiefes  are  him  ply  iu  vest  fga  ted  micro9eo[iicftlly  and  without  apecUl  precautions,  there 
nix*  ollitji  fnngi,  Home  of  which  may  bo  introiiiit:ed  through  the  anus.  In  stools  that  contain 
ujych  strtn  li,  the  harillua  hutyncus,  which  is  tinned  blue  with  ioiliBe,  occurs  (g  184),  mid  ntbei 
sniall  globular  or  rod-like  tmv/u  whicli  givu  n  Bimilar  i^&ciifm  (Xothnmjff^  l*ffrt.imtttn). 

The  changes  of  th«  intestinal  contcntii  have  been  studied  on  persons  with  an  nccidetititl 
intcstiual  tistulu,  or  an  ftrtifiekl  anus. 

[The  prisceding  schemt:  (fig.  247),  from  KrukenbciTg  .shows  graph  ieally  the  reaction  of  the 
coutente  of  the  various  i>arts  of  the  alimentAry  canal,  ami  aI»o  the  aifltribution  of  the  fennenta. ] 

186.  PATHOLOGICAL  VAEIATIONS,  — A.  The  taking  of  food  nmy  l>e  ink-rfered  uitb  by 
s|]aam  of  the  uia^cles  of  fniuitiLatton  (nsuiilly  aceofn|winied  by  general  H[mi*ms),  stnotiire  of  the 
tesophngiiB,  by  cic.itrices  after  swallowing  cuiiatic  thiifb*  (f.<f.,  caustie  pot^ish,  minei-al  Keii!»),  or 
by  the  preaemce  of  a  tumour,  nucIi  as  cancer,  Inttammiition  of  all  kinds  in  the  mouth  or 
pharynx  ititerferea  with  the  taking  of  food.  Inability  to  swallow  occurs  ns  jwirt  of  the  general 
idieiionviiua  in  diaease  of  the  metlttlla  oblongata,  in  eonftemience  of  paridy»iM  of  the  motor  centre 
(auperior  olives)  for  the  fat.4al,  vagus,  niid  hypoglosaal  nerves,  and  also  for  the  aff'eretit  or 
sensory  librea  of  the  gl{>sso-|diaryfig«'aI,  vagus,  and  tiigcniious.  Stimulation  (*r  abnormal 
excitatiiu)  of  tln^se  r>arL**  cflus<.'s  spfiJ*niodic  swallowing,  and  the  disagreeable  feeling  of  a 
t'oustriction  in  the  gullet  (globus  hy&lericus). 

B.  The  aecretion  of  s^va  h  diminiflhed  during  inlhimmntion  of  the  itnlivary  glands  ;  04!e)n- 
biun  of  their  dncts  by  roneretionn  (Mliv/*ry  caleulij  ;  nho  by  the  use  of  atropin,  daturiu^  and 
during  lever,  whereby  the  secretory  (not  the  vaso-niotor)  fibres  of  the  eboida  ftjuiciir  to  be 
ptii^lysed  (§  145).  WIiibu  the  fever  in  very  high,  no  saliva  is  secreteii.  The  naliva  secreted 
during  looderate  fever  in  turl>id  and  thick  and  usually  aciib  Am  the  fever  increases,  the  dia- 
Dtatic  aetion  of  the  saliva  dimininbei?.  The  secretion  is  increased  by  stimulation  of  the  bnctial 
nerves  (jnllamiivatiou,  ulceration^  trigeminal  neuralgia),  eo  that  the  saliva  is  seeretiHl  tn  great 
i|Uantity.  Mermiry  and  jaborandi  cause  secretion  of  saliva,  the  former  causing  stomatitis,  wliich 
excites  the  secretion  of  saliva  reliexly*  Even  diseases  of  tJie  stomach  aceompanietl  by  vomiting 
eauae  secretion  of  saliva,  A  vury  tbick  tenacious  sympntbetic  saliva  ociurs  wheu  there  is  vio- 
lent stimuhiition  of  the  vascular  system  during  sexual  excitement,  and  also  dnriug  curtain 
jisychiciil  conditions.  The  reaction  of  the  saliva  is  acid  in  catarrh  of  the  month  ;  in  fever,  in 
cousecuienceof  deoouipOHitionof  the  buccal  epithelium  ;  and  in  tliahetex  raellitus,  in  consec^uence 
of  acid  fernieiitatiou  of  the  B4iliva  which  contains  sugar.  Hence,  dialwlic  persons  often  sntfer 
from  earioUM  teeth.  Unless  the  month  of  an  infjint  Iks  kept  scrupulously  clean,  the  saliva  ii»  ajit 
to  become  acid. 

C.  DisturUnces  in  the  activity  of  the  musculature  of  the  Btomaeh  may  be  due  to  jmralyais 
of  the  muscular  layers,  whereby  the  stomach  becomes  distendeti,  and  the  ingesta  remain  a  long 
time  in  it.  A  special  form  of  [laralysts  of  the  stomach  is  due  to  non-closure  of  the  pylorus 
{Ehifriu).  This  may  be  due  to  disturbances  of  innervation  of  a  central  or  peripheral  natnre, 
or  there  may  be  actual  paralysi*  of  tlie  pyloric  sphincter,  or  nmestheaia  of  tlie  pvlorie  mucous 
membrane,  which  nets  reflex ly  xi]xm  the  .sphincter  muscle  ;  and  lastly^  it  may  be  due  to  the 
reflex  impulse  not  lieing  tranHfernnl  to  the  efferent  fibre  within  the  nerve-centre.  Abnormal 
aetivity  at  tlic  gastric  mnsculature  liasteus  the  passage  of  the  ingesta  into  the  intestine  ;  vomit- 
ing often  occurs. 

B.  Qaatric  digestion  is  delayed  by  violent  bodily  or  mental  exercise,  and  sometimes  it  fa 
ftrrijKted  altogelhri.  Sudden  mental  excitement  may  have  the  same  efrect  111  ©so  efforts  a  ro 
very  probfthly  caused  through  the  vaso-motor  nerves  of  the  stomach.  Feeble  and  imperfect 
digestion  may  be  of  a  purely  nervous  nature  (Dysiiepaia  iietvu&a—Lcufjr  ;  Neurasthenia  gastrica 
—Buvkart).  An  excessive  fonnation  of  acid  may  be  due  to  nervous  disturbance,  and  is  callctl 
*'  nervous  gastroxynsis/'  by  Rosabach. 

[Action  of  Alcohol,  Tea,  &c.,  in  Digeation— According  to  J.  W.  Fr/iser,  oil  infused 
beverages,  tea,  coffee,  eocoa,  retard  the  pe|>tir:  digestion  of  proteids,  witli  few  exc^ptioiis*  The 
retarding  action  is  hm  with  eolfee  than  with  tea.  The  tannic  acid  anil  volatile  oil  seem  to 
be  tlio  retarding  ingredients  in  teas.  Distilled  s pi rits— brandy,  whisky,  gin — have  hut  a 
tnding  retarding  elfect  on  the  digestive  processes ;  and  when  one  considers  their  action  on 
the  secretory  glands,  it  follows  that  in  moderate  dietetic  ilosea  they  promote  dige.stion*  \Vine* 
arc  highly  ininneal  to  salivary  digestion,  but  this  is  due  to  their  acidity  ;  and  this  oflTecl  can 
l>e  removed  by  lh«  addition  of  an  alknb.  Wines  retard  peptic  digestion,  the  sparkling  teas 
than  the  still  wines.  Tea  has  an  intensely  inhibitory  action  on  salivarv  digestion  ;  in  fact,  a 
small  quantity  paralyses  the  action  of  saliva,  while  coffee  has  only  a  align t  effect  This  action 
of  tea  is  due  to  the  tannin.  Tea,  coffee,  and  cocoa  all  retard  i>eptic  digestion,  when  they  fonn 
20  per  cent,  of  the  dij^estive  mixture  ( jV,  AV>6#r/^*).  J 

[Action  of  bile  on  gastric  digestion. — The  jiassage  of  btle  into  the  stomach  in  cmmm  of 
gastric  listula  in  man,  or  the  introduction  of  large  quantities  of  bile  into  the  slomscb  of  do^, 
contrary  to  what  is  usually  stated,  does  not  iuterfei-e  with  the  gastric  digestion  of  protcids 
{HfTZfu,  Dftsffr,  Otffii),     Bile,  however,  added  to  artilicial  digesta  retartls  the  proceas  (p.  297).] 

Inflammatory  or  catarrhal  affections  of  the  stomach,  as  ivell  as  idceration  and  new  fomift* 
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tini)N,  iiitoifero  with  digestion,  atnl  the  same  le^iilt  h  c&\iin*d  by  eating  too  much  Jbcnl  which  is 
diffii-'iilt  of  digeiitioH,  or  taking  too  much  bighly  spici?d  snuft^  or  alcohoL  In  Uw  ca^e  of  u  dog 
siiirering  from  chronic  gastric  eatanhy  Griiticiitir  observed  that  the  secretion  took  ])lacc  uou- 
tiniionsly,  nnd  thnt  the  gastric -juice  contained  little  pepsin,  was  tnrbid,  sticiky,  feeldyucid,  and 
even  alkaline.  The  introdnction  of  food  did  not  alt«r  the  HccretioD^  »o  that  in  thin  condition 
the  stomach  really  obtains  no  rest.     The  chief  cell?*  of  the  guatdc'gland;!  were  torhid.     Hence, 


in  gnatiic  catarih,  we  onglit  to  eut  fre^iuently,  but  tJike  little  at  a  time,  while  at  the  same  time 

null 
seem  to  aid  digeiition. 


dilute  hydrochloric  acid  ought  to  be  aduiiniatered  (0*4  jku'  cent.}.     Small  dosea  of  common  salt 


[Absence  of  HCl.— HCl  is  atmost  always  al^sent  in  carcinoma  of  the  stomach  {mn  tie  Vddr)^ 
amyloid  tlegeiieration  of  the  gastric  muoona  tnembmno  {Etlingtr)^  and  ftometimes  in  fever.  In 
all  tlieise  eaaea  the  at:  id -reaction  ia  diie  to  lactic  or  butyric  aciil.  The  absence  of  HCl  iu 
cancer  of  the  stomach  h  an  imp9rtant  diagnostic  and  progno&lic  aymptom.  It  iii  not  ahsent  in 
B{iii[de  dilatation  of  the  Btotnach.  Test  the  content-^  of  the  stomach  for  fieo  HCl  with  tiopoioliii 
(red  colour),  methyl- violet  (bine),  and  with  ferric  chloride  nnd  carbolic  mhi  {Ufiftnann),  ^ 
per  cent,  of  free  HCl  canf^ej*  tli©  amethyst-ldue  of  the  lant  to  become  Htcel-grfy,  while  8(ifneiivliat 
more  discharges  the  colour  altogetlier.  [In  testing  for  the  pj-esence  of  free  lactic  acid  in  the 
gastric  eon  ten  t^  uae  Utf^dinann'a  I'caetion  (§  l(i3).  The  lactic  acid  is  easily  extracted  by  ether 
from  the  gastric  contents,  and  the  reaction  can  then  be  pcrformeil  with  the  residue  obtained 
after  cvaiionding  the  cthei;.  A  solution  of  1  djop  of  tlie  liipior  i>crchloride  in  50  c.c.  of  water 
IR  iujhIi'  yullow  by  lactic  acid.] 

Feeble  digestibn  may  be  cansetl  either  by  imperfect  formation  of  acid  or  i>epsin,  stt  that  both 
mibsl&nces  may  he  administered  in  such  a  condition.  [It  may  also  l>e  due  to  deticient  mn&cular 
power  in  the  wall  of  the  ,stomach.]  In  other  cases,  lactic,  hutyric*  and  acetic  acids  m-e  formed, 
owing  te  the  presence  of  lowly  orgnnisma.  In  such  caaes,  small  do8«8  of  salicylic  acld^  together 
with  Home  hydrochloric  acid,  are  naefuL  Pepsin  need  not  he  given  often,  aa  it  is  rarely  absent, 
even  fi^m  the  diseased  gastric  mucou^i  memhrane.  Albumin  has  been  found  in  the  gttiitric- 
juice  in  caaea  of  gastric  catarrli  and  cholera. 

R  JHgeation  drnitig  Fever  and  Anffimia. — Beaumont  found  that  in  the  caae  of  Alexia  St 
Martin,  when  fever  occurred,  a  small  amount  of  gas  trie -juice  was  secreted  j  the  nmcons 
membrane  was  dry,  red,  and  irritable.  Dogs  *;ulfcring  from  septiciemic  ferer,  or  rendered 
anannic  hy  great  bjas  of  blood,  necrete  gaatric-juice  of  feeble  digestive  power  and  containing 
little  acid  {MaKfimem).  [In  acute  diseaaee  accompanied  by  fever,  the  inner  cells  of  the  fundua- 
glandfi  of  the  Imman  atomacb  may  disappear  {C.  Kupftr}.]  Hopj*e*Seyler  investigated  the 
gastric-juice  of  a  typhos  patient,  in  which  van  dc  Velde  found  no  free  acid.  Usually  no  free 
hydrochloric  acid  is  found  in  cancer  of  the  stomach.  The  gaatric-juice  of  the  ty|thna  patient 
did  not  digest  artificially,  even  after  the  addition  of  hydrochloric  acid.  Tlie  diminution  of 
acid»  under  these  circnni stances,  favours  the  occurrence  of  a  neutral  reaction,  so  that,  on  the 
one  hand,  digestion  cannot  proceed,  and  on  the  other,  fermentative  processes  {lactic  and  butyric 
ttcid  fermentatioua  with  the  evolution  of  gases)  occur.  Theise  results  are  associated  with  the 
presence  of  micro-organisms  and  Sarclna  ventriculi  ( Goodsir),  U  ffelinann  found  that  the  secretion 
of  a  twptone- forming  gastric  juice  cconed  in  fever,  when  the  fever  is  severe  at  the  ouLset,  when 
A  feelde  condition  oeciira,  or  when  the  temperature  is  very  high.  The  amount  of  juice  sijcreted 
is  certainly  diminished  during  fever.  Tlte  excitability  of  the  mucous  membrane  is  increased 
so  that  vomiting  readily  occurs.  The  iucrensed  excitability  of  the  vaso-motor  nerves  during 
fever  is  disadvantageous  for  the  secretion  of  the  digestive  fluids  (ffenfrnhoin),  Eeanmout 
observed  that  Huida  are  rapidly  absorbed  from  the  stomach  during  fever,  hut  the  absorption  of 
peptones  is  diminieihed  on  account  of  the  accompanying  catarrhal  Gondition  of  the  stomach, 
and  the  altered  functional  activity  of  the  muscuUris  mucosic  {Leuhe), 

JIany  saita,  when  given  in  itir(f€  amount,  disturb  gastric  digestion,  t'.g, ,  the  sulphates.  While 
the  alkaloids,  nioi'ithia,  strychnia,  digilMin,  narcotin,  ver&tria  have  a  similar  nclion,  i|uinine 
favours  it  ( ffV^':/ (/).  In  some  nervous  individuals  **  peristaltic  unrest  of  the  stomach,'  con- 
joined with  a  dys]>eptic  condition,  occurs  (KttsswuH),  [Prosser  James  directs  attention  to  the 
value  of  jTcptic  and  pancreatic  salts,  which  me  prejjarations  of  common  a&H  mixed  with  pej»sin 
and  the  fermentH  of  the  pancreas  reupcctivcly*] 

[Artificial  Digestioti  is  affected  by  various  salts,  according  to  their  nature  and  dilution.  The 
dig^tioii  of  fibrin  bff  ^}cpif in  ^efi  on  l>eat  without  the  addition  of  salts,  lieiug  dimini.shed  by 
niflgneaic  sulphate,  sodic  carbonate,  and  sulphate.  The  digestion  of  tibrin  by  pancreatic  extract 
is  accelerated  by  sotlic  carbonate  [HcidctiJiain],  and  retarded  by  MgSD^  and  Na.jS04.  The 
diaatatic  action  of  the  saliva  and  pancreaa  on  starch  is  greatly  accelerated  by  NaCl  (2  |K^rcent), 
while  Na.jCOa,  Na^O^,  and  MgSC)^,  liinder  it  {jyetjfcr}.}  According  to  Schiitz,  artificial  gastric 
digestion  is  retarded  by  a  2  jwr  cent,  solution  of  alcohol,  and  also  by  a  solution  of  salicylic  acid 
('08  to  '1  per  cent  )♦  fauchner,  however,  finds  that  10  per  eent  of  alcohol  does  not  affect  artificial 
gastric  digestion,  while  above  20  per  cent,  arresta  it     Beer  hinders  digestion. 

F,  In  acute  diseases,  the  secretion  of  bile  is  affected  ;  it  becomes  less  in  amount  and  more 
watery,  i.e.p  it  contains  fewer  8[iecitic  constituents.  If  the  liver  undergoes  great  atnictural 
change,  the  secretion  may  be  arrested. 
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Q.  Gall^atoties. — When  deeoiupojtition  af  the  bile  occnra.  gsU-stoties  are  formed  in  the  tjtili- 
hltidtkt*  or  ill  thi!  hlh^fUicL^.  Home  ure  whiU'^  aiul  consist  almo*tt  cntii'^'ly  of  alraliJiud  Ijiyors  of 
crystiib  ol"  cboleBterin.  Tli*.^  brotr'n  ropiiis  consist  of  bilruliiti-HritL',  aiiti  niti  ium  cnrbonatv,  often 
mixeil  with  iron,  t  oppcr,  aiul  riiaii^auese.  The  Kall-Htoues  in  thii  gall-bltulder  bG<.*oiiu^  fm^fttcd 
by  nibbitig  aj^aiiist  each  other.  Tlie  uiutleiis  of  the  white  stniies  often  roiisiets  of  fbalk  and  bile- 
colouring  mattfMTs,  to|(t*ther  viith  tutroj[j^nioiiH  r«^i'hie»,  iienv<.»fl  from  sJu'd  eiiitbeiiuin.  mucin, 
bilo-snlifl,  aud  fats.  tJall-Htonea  iiiiy  OLXjIudetho  bile-duct  aod  tiauso  Lhohi?tiiia.  When  a  Arnall 
stoue  becomes  imjiactt^d  iu  a  chut,  it  gives  rise  to  excessive  ]min,  constituting  hepatic  colic,  aud 
may  evi!ii  cause  rupture  of  tlie  btle-tluct  with  its  shnip  t^dojcs. 

ft.  Xotiiiug  eertnin  hoH  been  detenuineil  rttgardiri^  the  panorentio  secretion  in  disease,  but 
it]  fever  it  api>earft  to  be  dituiniiihdd  in  amount  and  dip*stive  atittvity.  Tlie  suppresksioQ  of  the 
jMincreatic  aetir(*lion,  a^  by  a  crtfu'erotia  tumour  of  the  head  of  tbu  pantTcas,  in  often  accomjjanied 
by  the  appt^rance  of  fat,  iu  the  form  of  globulcH  or  groups  of  cry?*tal«  in  tbe  fieces. 

1.  CoDfltipstion  is  &  most  inip'}itaiit  deraugenieiit  of  the  digcntive  tract.  It  may  be  e^mi^etl 
by — (1)  Conditions  whieh  obslrut*l  th^  mtruud  e/mnwil,  rjf,,  consttriction  of  thegut  from»lricturv« 
— iu  the  large  gut  after  dysentery,  tumours,  rotation  on  its  ajti,^  of  a  loop  of  intestine  (volvulus), 
or  invagination,  ocL'lusfiou  of  a  coil  of  gut  iu  a  horuLd  sac,  or  by  the  pressure  of  tumoars  or 
exudations  from  vvithovit^  or  congenital  absence  of  the  anus.  (-)  Toti  great  dnjm'jix  of  the  con- 
teutfi,  caiwed  by  ttwj  littk  water  in  the  articles  of  diet,  iJiniiuutiou  of  the  amount  of  the  digi^^tive 
uecretioiifi,  r  ;f, ,  of  bile  iu  icterna  ;  or  iu  coui^eepR'nct^  of  much  liuid  l>eing  given  off  liy  other 
organs  as  after  copious  secretion  of  Htdiva^  milk^  or  iu  fever.  (3)  Variatiou.s  in  the  fuuetiounl 
activity  of  the  mnAf^frs  and  motor -mt-vrnts  appanUm  of  the  gut  lUf^y  cause  constipation,  owing  to 
inaptufect  perHtabiii.  Thia  condition  occurs  in  inflammations,  degenerationa,  chronic  catarrh, 
and  dia]>hragmatic  inrlamiuation.  A  flections  of  the  Hpiuiil  €aid,  and  ^onictime»  also  of  the  bniiii, 
♦ire  usually  accoiu|>aiiied  hy  slow  evacuation  of  the  inte.stine.  Whether  diminished  meutul 
activity  and  liy[<i>cliondria3i8  are  the  rause  of,  ur  are  causal  by,  constipation  is  not  pnjved. 
Spasmodic  contraction  of  a  [wirt  of  the  ititestiiie  nitiy  i^wwm  t«mparary  retention  of  llitj  iiit' "^tiual 
eoutt^ntM,  and,  at  the  sime  time,  give  riije  to  great  pain  or  colic  ;  the  same  is  true  of  ?«pasm  of 
the  anal  aphioi^tei,  which  may  be  excited  rellexly  from  the  lower  jiart  of  the  gut.  The  fieciil 
ma-iiies  iu  constii>atiou  art^  usually  bard  and  dry,  owing  to  the  water  Ijeing  absorlitMl  -  hence 
thfy  fonu  large  onuiseH  or  Siijhfdtt  within  the  large  intestine,  and  these  agatu  give  lia^  to  new 
reaiwt-anee.  Amongst  the  reagents  which  prevent  evacuntiou  of  the  bowels,  some  paralyse  the 
motor  apparatus  temporarily,  r.^y.,  opium,  mor|iliia  ;  some  diminish  the  secretion  of  the  intestinal 
mucous  meiubrj.ne,  and  cauHe  constriction  ol  the  Wurid*ve*s»ds,  an  t-annic  acid»  vegetahlea  con- 
taiiuug  tannin,  ahim,  cbalk,  lead  acetate,  silver  nitrate,  bisuiuth  nitrate. 

J.  Inrreased  rm^iM^i'oH  uf  the  inte^Hnnl  cvttictiU  ia  usually  accum panted  by  a  watery  condition 
of  the  fivres,  constituting  di&rr1iGGi&.     The  causes  are  ; — 

L  A  too  rapid  niovemeut  of  the  ton  tents  through  the  intestine,  chielly  tbroogh  the  large 
intestine,  so  that  there  is  not  tiinw  for  the  normal  amount  of  ah»or]»tion  to  take  place.  The 
increased  pel istalsis  depends  Uftou  stimulation  of  the  motor-nervoua  a]>paratus  of  the  intestluc, 
usually  of  a  reflex  nature.  Rapid  transit  of  the  contents  througli  the  intestine  caiuied  the 
evacuation  of  certjun  substftucys,  which  cannot  be  tllgested  in  m  short  a  time, 

2.  The  stools  become  thiuurr  from  the  presence  of  much  ivater,  mucus,  and  the  admixture 
with  fat,  and  by  eating  fruit  and  vegetables.  In  rare  cAses,  wheu  the  evacuations  contain  nmch 
mucin,  Charcot's  crystals  occur  (fig.  171,  c).  In  ulceration  of  the  intestiue,  leucocytes  (pus)  arv 
p  rese n  t  ( Noth  nagfl ), 

3.  Diarrhoea  may  occur  aa  a  conseitueuce  of  disturbance  of  the  ditTosiou-processes  througli  th»? 
intestinal  walls,  as  in  aflectioiis  of  the  epithelium,  wheu  it  becomes  swollen  in  inflammatory  or 
catarrhal  conditions  of  the  intestinal  mucous  niembram*.  [IrritAtion  over  the  abdomen,  as  from 
the  subcutaneous  injection  of  small  i|uantities  of  saline  solutions,  causes  diarrba-ia.  ] 

4.  It  may  also  be  due  to  increased  secretion  into  the  ttitestiue,  as  in  capiiJary  dilfusioii,  when 
magnesium  sulphate  in  the  intestine  attracts  water  from  the  blood. 

The  same  occurs  iu  cholera,  whuu  the  stools  are  copious  and  of  a  rice*Wrtter  character,  and  are 
loaded  with  efutlielial  colls  from  the  villi.  The  transudution  into  the  intestine  is  ao  great  that 
ibfr  blood  in  the  arteries  becomes  very  thick,  and  mny  even  on  this  account  cease  to  circulate,    • 

Transudatioii  into  the  intestiiie  also  takea  place  as  a  ronsecpieucc  of  [^kanilysis  of  the  vaj»o-niotor 
nerves  of  the  iutestiue.  This  is  perhaps  the  case  in  diarrh»ea  following  u|>on  a  cold.  Certjuo 
8ubfitaoC(«  iteem  directly  to  e.<ceite  the  secretory  organs  of  the  intestines  or  their  nerves,  such  ask 
the  dniatic  purgatives  (S  l^^b     Pilocarpi fi  injected  into  the  blood  causes  great  serretiou  [Mmlaf), 

During  fehnle  couditiouB.  the  secretion  of  the  intt'stinal  glands  seems  to  l>e  altered  quanti- 
tatively and  (pi.ilitatividy,  with  siniultaneous  alteration  of  the  fuuctional  activity  of  the  muacab 
ature  and  the  organs  of  absorption,  while  the  excitability  of  the  mucous  membrane  is  inereaswl 
(Ojfclmaiin).  It  is  ini[kortJint  to  note  that  in  many  acute  febrile  diseases  the  amount  of  common 
salt  in  the  urine  diminishes,  and  iucreases  again  as  the  fever  subsideir. 

187,  OOMPAEAXIVE. —Salivary  Glandi.— Amongst  mammalB,  the  herbivora  have  larger 
salivary  glauda  tliau  the  cariiivoi-a  ;  while  midway  between  both  are  the  omnivora.     The  whale 
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has  no  salivary  glands.  The  pinuipedia  liavo  a  small  parotid,  which  is  absent  in  echidna.  The 
dog  and  many  camivora  have  a  special  gland  lying  in  the  orbit,  the  orbital  or  zygoincUic  gland. 
In  birds  the  salivary  glands  o()en  at  the  angle  of  the  mouth,  but  the  parotid  is  absent 
Amongst  reptiles  the  parotid  -of  some  si>ecies  is  so  changed  as  to  form  poison-glands ;  the 
tortoise  has  sublingual  glands  ;  reptiles  have  labial  glands.  The  amphibia  and  fishes  have 
merely  small  glands  scattered  over  the  mouth.  The  salivary  glands  ai'e  large  in  insects  ;  some 
of  them  secrete  formic  acid.  The  salivary  glands  are  well  developed  in  molluscs,  and  the  saliva 
of  Dolium  galea  contuins  more  than  3  per  cent  of  free  sulphuric  acid  (?).  The  cephalopods 
have  a  double  set  of  glands. 

A  crop  is  not  present  in  any  mammal ;  the  stomach  is  either  simple^  as  in  man,  or,  as  in 
many  rodents,  it  is  divided  into  two  halves,  into  a  cardiac  and  a  pyloric  portion.  The  iiUesliiie 
is  short  in  flesh-eating  animals  and  long  in  herbivora.  The  stomach  of  ruminants  is  compound, 
and  consists  of  four  cavities.  The  first  and  largest  is  the  paunch  or  rumen,  then  the  reticulum. 
In  these  two  cavities,  especially  the  former,  the  in^esta  are  softened  and  undergo  fermentation, 
they  are  then  returned  to  the  mouth  by  the  action  of  the  voluntary  muscular  fibres,  which 
reach  to  the  stomach.  This  is  the  process  of  rumination.  The  ingesta  are  chewed  again  in  the 
mouth,  and  are  a^ain  swallowed,  but  this  time  they  enter  the  third  cavity  or  pealterium — 
(which  is  absent  m  the  camel) — and  thence  into  the  fourth  stomach  or  abomasum,  in  which 
the  fermentative  digestion  takes  place.  The  ca*cum  is  a  very  large  and  important  digestive 
organ  in  herbivora  and  in  most  rodents ;  it  is  small  in  man,  and  absent  in  carnivora.  The 
oesophagus  in  grain-eating  birds  not  unfre<iuently  has  a  blind  diverticulum  or  crop  for  softening 
the  food.  In  the  cron  of  pigeons  during  the  breeding  season,  there  is  formed  a  peculiar  secre- 
tion—** pigeon's  milk,  which  is  used  to  feed  the  young  {J,  Hunter).  The  stomach  consists  of 
a  glandular  prove )itriculiis  and  a  strong  viuscular  staniacJit  which  is  covered  with  horny  epi- 
thelium and  triturates  the  food.  There  are  usually  two  fluid  diverticula  on  the  small  intestine 
near  where  it  joins  the  large  gut  In  fishes  the  intestinal  canal  is  generally  simple  ;  the  stomach 
is  merely  a  dilatation  of  the  tube ;  and  at  the  pylorus  there  may  be  one,  but  usually  many, 
blind  glandular  appendages  (the  appendices  pyloric^).  They  are  generally  longitudinal  folds  m 
the  intestinal  mucous  membrane,  but  in  some  fishes,  e.g.^  the  shark,  there  is  a  spiral  valve.  [The 
invei-sive  cane-sugar  ferment  is  wanting  in  the  herbivora,  as  the  cow,  horse,  and  sheep,  but  is 
present  in  the  dog  and  cat.  It  is  also  met  with  in  birds  and  reptiles,  and  in  many  of  the 
invertebrates,  as  the  ordinary  earth-worm  (if.  Hay).] 

In  amphibia  and  reptiles  the  stomach  is  a  simple  dilatation  ;  the  gnt  is  larger  in  vegetable 
feeders  than  in  flesh  feeders.  The  liver  is  never  absent  in  vertebrates,  although  the  gall-bladder 
frequently  is.  [It  is  absent  in  the  donkey,  horse,  elephant,  and  deer.]  The  pancreas  is  absent 
in  some  fishes. 

Digestion  in  Plants. — The  observations  on  the  albumin -digesting  power  of  some  plants 
are  extremely  interesting  {Canhy^  1869  ;  Cit.  Darwin^  1876).  The  sundew  or  drosera  has  a 
series  of  tentacles  on  the  surface  of  its  leaves,  and  the  tentacles  are  provided  with  glands.  When 
an  insect  alights  upon  a  leaf,  it  is  suddenly  seized  by  the  tentacles  ;  the  glands  pour  out  an  acid 
juice  over  the  prey,  which  is  gradually  digested,  all  except  the  chitinous  structures.  The  secre- 
tion, as  well  as  the  subsequent  absorption  of  the  products  of  digestion,  are  accomplished  by  the 
activity  of  the  protoplasm  of  the  cells  of  the  leaves.  The  digestive  juice  contains  a  pepsin-like 
ferment  and  formic  acid.  Similar  phenomena  are  manifested  by  the  Venus  flytrap  (Dionaea), 
by  pinguicula,  as  well  as  by  the  cavity  of  the  altered  leaves  of  Nepenthes.  About  fifteen  species 
of  these  **  insectivorous  "  or  carnivorous  plants  are  known.  Papain,  and  other  ferments  analo- 
gous in  their  action  to  trypsin,  are  referred  to  in  §  170. 

188.  HISTOBICAL.— Digestion  in  the  Mouth.— The  older  observers  regarded  the  saliva  as  a 
solvent,  and  in  addition,  many  bad  qualities,  especially  in  starving  animals,  were  ascribed  to  it. 
This  arose  from  the  knowledge  of  the  &aliva  of  mad  animals,  and  the  parotid  saliva  of  poisonous 
snakes.  The  salivary  glands  have  been  known  for  a  long  time.  Galen  (131-203  a.d.)  was  ac- 
quainted with  Wharton's  duct  and  Aetius  (270  a.d.)  with  the  sub-maxillary  and  sub-lingual 
glands.  Hapel  de  la  Chenaye  (1780)  obtained  large  quantities  of  saliva  from  a  horse,  in  which 
ne  was  the  first  to  make  a  salivary  fistula.  Spallanzani  (1786)  asserted  that  food  mixed  with 
saliva  was  more  easily  digested  than  food  moistened  with  water.  Haniberger  and  Siebold  in- 
vestigated the  reaction,  consistence,  and  specific  gi*avity  of  saliva,  and  found  in  it  mucus, 
albumin,  common  salt,  calcium  and  sodium  phosphates.  Berzelius  gave  the  name  ptyalin  to 
the  characteristic  organic  constituent  of  saliva,  but  Leuchs  (1831)  was  the  first  to  detect  its 
diastatic  action. 

Oastric  Digestion. — Digestion  was  formerly  compared  to  "coction,"  whereby  solution  was 
effected.  According  to  Galen,  only  substances  that  have  been  dissolved  passed  through  the 
pylorus  into  the  intestine.  He  described  the  movements  of  the  stomach  and  tne  f>eristalsis  of  the 
intestines.  Aelian  gave  names  to  the  four  stomachs  of  the  ruminants.  Vidius  (t  1567)  noticed 
the  numerous  small  apertures  of  the  gastric  glands.  Van  Helmont  (tl644)  expressly  notices 
the  acidity  of  the  stomach.  Reaumur  (1752)  knew  that  a  juice  was  secreted  by  the  stomach, 
which  effected  solution,  and  with  which  he  and  Spallanzani  performed  experiments  on  digestion 
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outflide  the  body.  Carrainati  (1785)  found  that  the  stomachs  of  carnivora  dniing  digostion 
secreted  a  very  acid  juice.  Prout  (1824)  discovered  the  hydrochloric  acid  of  the  gastric- juico, 
Sprott  and  Boyd  (1836)  the  glands  of  the  gastric  mucous  membrane,  while  Wassmann  and 
BischofT  noted  the  two  kinds  of  gastric-glands.  After  Beaumont  (1834)  had  made  his  obser- 
vations upon  Alexis  St  Martin,  who  had  a  g&stric  fistula  caused  by  a  gunshot  wound,  Bassow 
(1842)  and  Blondlot  (1843)  made  the  first  artificial  gastric-fistulie  upon  animals.  Eberle  (1830) 
prepared  artificial  gastric  juice.  Miaihe  called  albumin,  when  altered  by  gastric  digestion 
albuminose  ;  Lehmann,  who  investigated  this  substance  more  carefully,  gave  it  the  name 
pept(m4i.  Schwann  isolated  ^^^^^m  (1836),  and  established  the  fact  of  its  activity  in  the  presence 
of  hydrochloric  acid. 

PancreaB,  Bile,  Intestinal  Digestion. — The  pancreas  was  known  to  the  Hippocratic  School  ; 
Maur.  Hoffmann  (1642)  demonstrated  its  duct  (fowl),  and  Wirsunc  described  it  in  man.  Regner 
de  Graaf  (1664)  collected  the  pancreatic  juice  from  a  fistula,  and  Tiedemaun  and  Gmelin  found 
it  to  be  alkaline,  while  Lauret  and  Lassaigne  found  that  it  resembled  saliva.  Valentin  dis- 
covered its  diastatic  action,  Eberle  its  emulsionising  power,  and  CI.  Bernard  (1846)  its  tryptic 
and  fat-splitting  properties.  The  last-mentioned  mnction  was  referred  to  by  Purkinje  and 
Pappenheim  (1836).  Aristotle  characterised  the  bile  as  a  useless  secretion  ;  according  to 
Erasistratus  (304  u.  c),  fine  invisible  channels  conduct  the  bile  from  the  liver  into  the  jj^ll- 
bladder.  Aretaeus  ascribed  icterus  to  obstruction  of  the  bile-duct.  Benedetti  (1493)  descnbed 
gall-stones.  According  to  Jasolinus  (1573),  the  gall-bladder  is  emptied  by  its  own  contractions. 
Sylvius  noticed  the  lymphatics  of  the  liver  (1640) ;  Walaeus,  the  connective  tissue  of  the  so- 
called  capsule  of  Glisson  (1641 ).  Haller  indicated  the  uses  of  bile  in  the  digestion  of  fats.  The 
liver-cells  wore  described  by  Henle,  Purkinje,  and  Duti*ochet  (1838).  Heynsius  discovered  the 
nrea  and  CI.  Bernard  (1853)  the  sugar  in  the  liver,  and  he  and  Hensen  (1857)  found  glycogen 
in  the  liver.  Kiernan  gave  a  more  exact  description  of  the  hepatic  blood-vessels  (1834).  B^e 
iniectcd  the  lymphatics,  and  Gerlach  the  finest  bile-ducts.  Schwann  (1844)  made  the  first 
biliary  fistula ;  Demarcay  ])articularly  referred  to  the  combination  of  the  bile-acids  witli  soda 
(1888) ;  Strecker  discovered  the  soda  compounds  of  both  acids,  and  isolated  them.  Celsos 
mentions  nutrient  enemata  (3-5  A.D.).  Fallopius  (1561)  described  the  valvulte  conniventes  and 
villi  of  the  intestinal  mucous  membrane,  and  the  nervous  plexus  of  the  mesentery.  The 
agminated  glands  or  patches  of  Peyer  were  known  to  Severinus  (1645). 


Physiology  of  Absorption. 


189.  THE  OEGANS  OF  ABSOEPTION.— [As  most  substances  in  the  state 
in  which  they  are  used  for  food  are  either  insoluble,  or  diffuse  but  imperfectly 
through  membranes,  the  whole  drift  of  the  complicated  digestive  processes  is  to 
render  these  substances  soluble  and  diffusible,  and  thus  fit  them  for  absorption ; 
most  of  the  neutral  fats,  however,  are  emulsionised.] 

The  mucous  membrane  of  the  whole  intestinal  tract,  as  far  as  it  is  covered  by  a 
single  layer  of  columnar  epithelium,  t.e.,  from  the  cardiac  orifice  of  the  stomach  to 
the  anus — is  adapted  for  absorption.  The  mouth  and  oesophagus,  lined  as  they 
are  by  stratified  squamous  epithelium,  are  much  less  adapted  for  this  purpose. 
Still,  poisoning  is  causetl  by  placing  potassium  cyanide  in  the  mouth.  The 
channels  of  absorption  in  the  intestinal  tract  are — (1)  the  capillaries  [direct],  and 
(2)  the  lacteals  [indirect]  of  the  mucous  membrane  (fig.  248).  Almost  the  whole 
of  the  substances  absorbed  by  the  fonner  pass 
into  the  rootlets  of  the  portal  vein,  and  traverse 
the  liver,  before  they  reach  the  general  circula- 
tion, while  those  that  enter  the  lacteals  really 
pass  into  lymphatics,  so  that  the  chyle  passes 
through  the  thoracic  duct  and  is  poured  by  it 
into  the  blood,  where  the  thoracic  duct  joins 
the  subclavian  vein  (fig.  172). 

Watery  solutions  of  salts,  grape-sugar,  pej)- 
tone,   poisons,    and    in    a  still    higher  degree  p.     243 

alcoholic  solutions  of  poisons,  are  absorbed  in 
the    stomach.     The    empty   stomach    absorbs   Scheme  of  intesHnal  absorption    LAC., 
•  n     .1  liii  J      -1.1   i?     1  i.  •         lacteals;  T.D.,  thoracic  duct :  P.V. 

more  rapidly  than  one  hUed  with  food ;  gastric      ^^d  H.V.  portil  and  hepatic  veins ; 
catarrh  delays  absorption.     After  a  copious  diet       INT.,  intestine, 
of  milk,  fatty  granides  have  been  found  in  the 

protoplasm  of  the  goblet-cells ;  so  that,  according  to  this  view,  the  goblet-cells  have 
a  double  function,  to  secrete  mucus  and  to  absorb  nutriments. 

The  greatest  area  of  absorption  is  undoubtedly  the  smaU  intestine,  especially 
its  upper  half,  owing  to  the  presence  of  the  valvulae  conniventes  and  the 
villi. 

[Absorption  takes  place  all  along  the  intestine — but  in  the  case  of  the  fats 
this  is  strictly  confined  to  the  small  intestine,  where  indeed  all  absorption  is  most 
active.  We  might  classify  the  various  sections  of  the  intestinal  canal,  as  far  as 
regards  their  activity  of  absorption,  as  follows : — small  intestine,  large  intestine, 
stomach,  mouth,  pharynx,  oesophagus  (Beaunis),] 

190.  STBUCTTJEE  OF  THE  SMALL  AND  LABOE  INTESTINES.— [The 
wall  of  the  small  intestine  consists  of  four  coats  ;  which,  from  without  inward, 
are  named  serous,  muscular,  sub-mucous,  and  mucous  (fig.  249). 
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STRrCTURE  OF  THE  SMALL  IXTESTIXE. 


[Seal90. 


a  thin  baas 


an  mner 


(1)  Tlif:  serous  coat  has  the  same  stractuie  as  the  pentoneuni,  i>.. 
of  fibrcrtw  ti«ue  covere»l  on  its  outer  surface  )>y  endothelium. 

(2)  Hie  mnsciilar  coat  consists  of  a  thin  outer  loogpitiidinal  ami 
thicker  drcnlar  layer  of  non-striped  muscular  fibres  (fig.  249). 

(3)  The  sab-nmcoiis  coat  consists  of  loose  connective-tissue  containing  large  blood- 
ressels,  lymphatics,  and  nerves,  and  it  connects  the  muscular  with  the  mucous  coat 

(4)  The  mucoilS  coat  i.^  the  most  internal  coat,  and  its  absorbing  surface  is 

largely  increased  by  the  presence  of 
the  valvuhe  conniventes  and  ^illi. 
[The  vmlTids  eonnireiites  are  perma- 
nent folds  of  the  mucous  membrane 
of  the  small  intestine,  arranged  acrot^ 
the  long  axis  of  the  gut.  They  pa^ 
round  a  half  or  more  of  the  inner 
surface  of  the  gut.  They  begin  a 
little  below  the  commencement  of  the 
duodenum,  and  are  laige  and  well 
markeil  in  the  duodenum,  and  remain 
5to  as  far  as  the  upper  half  of  the 
jejunum,  where  they  begin  to  become 
smaller,  and  finally  disappear  about 
the  lower  part  of  the  ileum.]  The 
villi  are  characteristic  of  the  small 
intestine,  and  are  confined  to  it ;  they 
occur  everywhere  as  closely-set  cylin- 
drical projections  over  and  between 
the  valvulae  conniventes  (tig.  249). 
\Vhen  the  inner  surface  of  the  mucous 
membrane  is  examined  in  water,  it 
has  u  velvety  appearance  owing  to 
their  presence.  [They  var}'  in  length 
from  ^jf  to  ^  of  an  inch,  and  are 
largest  and  most  numerous  in  the 
upi>er  {xirt  of  the  intestine,  duodenum, 
and  jejunum,  where  absorption  is  most 
active,  but  they  are  less  abundant  in 
Uie  ileum.  Their  total  number  has 
been  calciUated  at  four  millions  by 
Krause,  and  there  are  10-18  on  a 
square  mm.]  Each  villus  is  a  pro- 
jection of  the  entire  mucous  mem- 
brane, so  that  it  contains  within 
itself  representatives  of  all  the  tissue- 
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Fig.  249. 


Longitudinal  ucction  through  a  Fever's  patch 
of  the  small  intestine  of  a  (log.        i 


eleiuoiits  of  the  mucosa.     The  orifices  of  the  glands  of  Lieberkiihn  open  between 
the  bases  of  villi  (fi<(.  249). 

Structure  of  a  Villus. — Ejich  villus,  l>e  it  cylindrical  or  conical  in  shape,  is 
covered  by  a  single  layer  of  columnar  epithelium,  whose  protoplasm  is  reticulated 
and  contains  a  well-tlelined  nucleus  >nth  an  intranuclear  plexus  of  fibrils.  The 
ends  of  tlie  epithelial  cells  directed  towarils  the  gut  are  polygonal,  and  present  the 
ai)pearance  of  a  mosaic  (fig.  250,  D).  When  looked  at  from  the  side,  their  free 
surface  is  seen  to  Ixj  covered  with  a  clear,  highly  refractive  disc  or  '*  cuticula," 
which  is  marked  with  vertical  stria?.  These  stride  were  supposed  by  KolHker  to 
represent  pores  for  the  alxsorption  of  fatty  i^rticles,  but  this  has  not  been  confirmed, 
while  Brettauer  and  Steinach  regarded  them  as  producetl  by  prisms  placed  side  by  side. 
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[Accoitling  k>  Heidenlmiii,  the  einthelial  celJs  nrc  de\oid  ctf  a  <'ell  wall,  and 
their  sliiijie  varios  witli  tin*  ik'groe  i>f  cc«iiti*artioii  of  the  vilhis.  The  dine  cuixsi&ts 
of  rtkltf  with  au  inttrmediate  ftuhstauce,  hut  thoy  aj>pear  to  bt^  continuoiis  with  the 
jirotofdai^m  of  tlie  cell.  *Sonietime-s  no  iliac  is  to  be  seen,  and  in  this  case  the  rodm 
are  retracted.  The  rods  forniinf^  tlie  di^c  may  vary  much  in  length.  Although 
Heidenbaiii  admits  ehftnges  in  the  length  of  these  "rods/*  lie  does  not  ascribe  to 
them  an  active  part  in  the  alK^orption  tif  fat.] 

According  to  v.  Tlianholfcr,  Imwever,  this  clear  dine  is  comi>ai*able  to  the  thickened  Iknge 
around  the  oottom  of  a  ress^jl,  such  na  h  lined  for  collecting  gasea.  On  this  auppoBition,  the 
iip|>er  eod  of  each  €«!!  it*  open,  and  from  it  there  project  pao ado podiad ike  buudleJiof  protoplnsmie 
procesaes  (tig,  250.  B).  These  processee  are  ,supi>0!iL*d  to  be  extended  h*yiind  the  margin  of  the 
tell,  and  again  mpidlj  retracted^  find  in  so  acting  they  arc  jiaid  to  carry  the  fatty  ivarticles  into 


^ig.  250, 
A,  iicheme  of  a  transveisc  section  of  part  of  a  villus  ;  «,  colmniiar  epitheliaiu  with  i  b,  clear 
diac  ;  c,  goblct-cell  ;  i,  i",  adenoid  re  tic  a  la  in  ;  d,  if,  spaces  containing  leucocytes,  r,  e  ; 
/  aectiun  of  the  central  lacteal.  B,  scheme  of  a  cell  with  prooiaafia  projected  from  ita  interior. 
C,  {columnar  epithelinm  after  the  abtiorption  of  fatty  granules.  D,  columnar  epitheliam  of 
a  villua  seen  from  above  with  a  goblet-cell  in  the  centre. 

the  interior  of  tlie  cells,  tnach  as  the  psemlopoclia  of  an  amaba  entangle  its  food.  |This  view 
baa  not  bcitn  confirmed  by  a  aafficient  niitnher  of  observers,]  Between  the  epitheUal  cells  are 
this  Bo-called  goblet-ceUs  (fig.  260,  C).  [Each  goblet^cell  ia  more  or  less  like  n  tdmlice,  narrower 
aboTe  and  below,  and  broad  in  the  middle,  witli  a  tapering  fixed  extremity.  The  outer  [lart  of 
theao  wlls  is  filled  with  a  clear  aubstance  or  mucigen,  which,  on  the  addition  of  water,  yields 
miicus.  The  nincigen  lies  in  the  iutervalg  of  a  fine  network  of  fibrils,  which  pervadca  the  cell- 
protoplasm,  while  the  protoplasnj,  contain) og  a  globular  or  trlan^ilar  nucleus,  is  pushed  into 
the  lower  part  of  the  cell.  These  goblet-celb  urti  sitn|jly  altered  coluninar  epitheUal  relk  which 
secrete  mucus  in  their  interior.  They  are  more  numeioua  under  certain  conditions.  Not 
nn frequently  in  a  section  of  the  mucous  membrane  of  the  gut,  after  it  is  stained  with  logwood, 
we  m«y  see  a  deep  blue  phig  of  njucua  partly  exuded  from  tlie«e  cells,  When  looked  at  from 
above  tbev  give  the  appearance  seen  in  fig.  250,  DJ  The  epilhelium  of  the  villi  is  replaced  by 
other  cells  derived  from  the  epithehum  of  Lieberkiihn's  glands,  gratiually  rising  npwardfc 
to  t4ike  the  place  of  the  abed  cells.  The  epithelial  cells  are  shed  in  enormous  numbers  iiu  cholera, 
and  in  poisoning  with  arsenic  and  muscarin  {Bahfn). 
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[The  epithelial  cells  covering  the  villus  are  placed  upon  a  layer  of  squamous 
epithelium  (basement  memlnrane) — the  sub-epithelial  membrane  of  Debove. 
This  basement  membrane  is  said  to  be  connected  by  processes  with  the  so-called 
branched  cells  of  the  adenoid  tissue  of  the  villus,  while  it  also  sends  up  processes 
between  the  epithelial  covering.] 

The  Stroma  or  body  of  the  vulns  itself  consists  of  a  basis  of  adenoid  tissue, 
containing  in  its  centre  one  or  more  lacteals,  closely  invested  with  several  bundles 
of  longitudinal  smooth  muscular  fibres,  derived  from  the  muscularis  mucosae,  and  a 
plexus  of  blood-vessels.  The  adenoid  tissue  of  the  villus  consists  of  a  reticulum  of 
fibrils  with  endothelial  plates  at  its  nodes.  The  spaces  of  the  adenoid  tissue  form 
a  spongy  network  of  inter-communicating  channels  containing  stroma-ceUs  or  leu- 
cocytes (fig.  250,  A,  ff  e)  These  leucocytes  or  lymph-corpuscles  have  been  seen  to 
contain  fatty  granules. 

[The  stroma  is  relatively  larger  in  amount  in  relation  to  the  epithelium  in  the 
dog  (fig.  259)  and  cat  than  in  the  rabbit  and  guinea-pig.  In  the  stroma  are  spaces 
which  contain  leucocytes  of  various  kinds  and  phagocytes.  Coloration  with  Biondi's 
fluid  (p.  380)  enables  one  to  single  out  the  varieties  of  these  cells,  some  of  which 
wander  out  into  and  between  the  epithelial  cells.  The  spaces  also  contain  a  coagul- 
able  fluid.     Tlie  capillaries  are  arranged  close  under  the  epithelium  (fig.  259,  c).] 

The  lymphatic  or  lacteal 
lies  in  the  axis  of  the  villus 
(fig.  252,  d).  Some  regard  the 
lacteal  merely  as  a  space  in  the 
centre  of  the  villus,  but  more 
probably  it  has  a  distinct  wall 
composed  of  endothelial  cells, 
with  apertures  or  stomata  here 
and  there^  between  the  cell- 
plates.  These  stomata  place 
the  interior  of  the  lacteal  in 
direct  communication  with  the 
spaces  of  the  adenoid  tissue. 
Perhaps  white  blood-corpuscles 
wander  out  of  the  blood-vessels 
of  the  villi  into  the  spaces  of 
the  adenoid  tissue,  where 
they  become  loaded  with  fatty 
granules,  and  pass  into  the 
central  lacteal.  Zuwarykinand 
Wiedersheim  suppose  that  the 
leucocytes  pass  from  the  paren- 
chyma of  the  villus  towards 
the  epithelial  layer,  and  even 
between    the   epithelial   cells, 


CapUlary. 


Artery. 


Fig.  251. 
Injected  blocnl-vessels  of  a  villas. 

from  whicli  they  return  towards  the  axis  of  the  villus,  laden  with  substances  which 
they  have  taken  into  their  interior  (§  192,  II.).     [This  however  is  highly  doubtful.] 

A  small  artery  placed  eccentrically  passes  into  each  villus  (fig.  251).  In  man 
it  begins  to  divide  about  the  middle  of  the  villus,  but  in  animals  it  usually  runs  to 
the  apex  l)efore  it  divides.  The  capillaries  resulting  from  the  division  of  die  artery 
form  a  fine  dense  network  placed  superficially,  immediately  imder  the  epithelium 
of  the  surface.  The  blood  is  carried  out  of  a  villus  by  one  or  two  veins  (figs.  251, 
252). 

Non-striped  muscular  fibres  are  present  in  villi.  They  are  arranged  longitudi- 
nally in  several  bundles  from  base  to  apex  immediately  outside  the  central  lacteal. 
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[PVich  Inutdlc  i«  siinoimfled  l»y  a  connective-tissue  sheath.]     Wh<*ii  they  contract 

they  t-f^nd  t<>  empty  the  hict^'al. 

A  fow  mii.^cuhir  tiJires  are  plarecl 

more  superHcially  and  run  in  a 

more  transver^te  liire ction.     [The 

longitiiiiinal     l>undles    of     nfui- 

Ktrijied   miii^de   in    the  villi   are 

euimected    together    by    (jlili(jue 

strands;    while  the  lonptudiiml 

Innidle.s  shorten    the  villus*,  tlie 

oblique   fihres   keep    the    lactwil 

ujMjn  ;   thus  the  jiarenchyma  of 

the    villus    is    als*o    compressed 

transvenii:»ly,    whereby    the    prr*- 

ibicts   of    aksurption   are    f«>rreil 

into    the    lacteal.     The     muscles 

are  Hxeil  }iy  cement  t^t*  tlie  mh- 

epithelial  basal  membrane.     The 

muscular  tibrert  of   the  villi  are 

direct  proloiigationB  tif  the  u\uh- 

eulari^  mucossp,] 

Nerves  pass  into  the  villi  from 
jMeisiiner's  plexus  lying  in  the 
suVnHicous  coat*  The  nerves  to 
the  villi  are  said  to  have  small 
gi-anular  gan^dionie  cell**  in  their 
conr>^e,  and  tliey  terminate  jiartly 
in  the  mnscnlar  fibret^  and  partly 
in  the  arttnaes  of  the  villi. 

On  making  a  vertical  section  of  the  mucous  membrane  of  the  small  intestine 
una  sees  the  villi,  and 
under  them  a  network 
of  adenoid  tissue  loaded 
w  i  tl  1  1  eu  cocy  tcs.  Tl  i  i?* 
tissue  forms  its  btu^is, 
and  in  it  are  placed 
vertically  side  hy  side, 
like  test-tube^  in  a  Htiind» 
innnense  nnnd^ers  of 
simple  tubular  glands — 
the  crypts  or  glands  of 
Lieberklibn  (fig.  24**).] 
[Kultsrhitzki  6 nils  thai 
the  connective  -  tissue 
fntmeworkof  the  mucous 
niemhmne  of  the  ^niall 
intestine  is  not  true 
adenoid  tissue,  hut  a 
transition  fomi  between 
the  latter  and  loose 
Hbrons  tissue.]  Lieber- 
kiihn's  glands  ^i]nn 
alwive  at  the  Ijeiscs  of  the 


Fig*  25U» 
Trtttt«V€r«e  eecti&n  of  diiodenam  of  a  rabbit  injecteth  x  50. 


Villi,  while  their  closed  lower  extremity  reaches  almost  to  the  musculuris  mucoaa&. 


brunneh'h  glands  and  solitary  follicles.        [Sec.  190* 

consisU  of  a  l^asement  iiienibrane  iiiie4  by  a  single  layer  of  columnar 

epitlieliiini,  leaving  u  wide 
lunieii,  the  cells  lining  them 
]mug  coutinuoiis  with  those 
tliat  fover  the  luncoiis  nieiii- 
l>rjine,  ^fany  of  the  cells 
exhibit  mitotic  iigures,  *.<., 
they  are  nbijut  Ui  divide. 
Some  gohlet-eells  are  often 
foiuid  Iwtween  the  columnar 
cpitheliunL  Immeiliately 

hf4nw  the  hdi^es  of  the 
follii  les  of  Lieherkiihn  is  the 
musculariB  mucoBSB,  consist- 
ing of  two  or  three  nan\»w 
layers  i>f  n<  >n-stnped  muscular 
filn'crt  aiTangetl  circularly  and 
longitudinally.  [It  h  cou- 
tinurtus  with  the  musculariit 
inueoHte  of  the  Ht^unachj  and 
e  X  t«  ■  n(  l^  1 1 1  rougl  1  ou  1 1 h  e  w hole 
intestine,  not  iis  a  continuous 
livyer,  1  ait  a^  a  close  network 
of  bundles  of  smooth  muscle. 
It  8onds  fibresi  upwards  into 
the  villi  (lig.  254  f).] 

[Bruiiners  glands  arc 
componntl  tulailar  glamis  lying  in  and  confineil  to  the  ijtulHJiucoua  coat  of  the 
duodenum  (figs,  214,  238).     Their  ducts  perforate  the  muflcularis  nnicosfe  to  open 

lui  the  surface. 
They  seem  Ut  btt 
the  honiulogiies  of 
the  jiyloric  glands 
*4  th«  stcimach  (fig. 
214).1 

rSolitary  Fol- 
licles are  small 
ivMind  or  oval  wliite 
uii»:!*5es  of  adenoid 
tissue  {*5-2  mm.  in 
(lianieter),  with 
their  deeper  jwirtd 
i'inl>edded  in  the 
submuei*8»^  and 
their  a]>ice«  pi-ojeot- 
ing  int^i  the  mucosa 
1 4  the  iiitestine. 
They  begin  at  the 
})ylorie  end  of  the 
stomach,  and  are 
found  throughout 
tiie  whole  intestine* 
— ^small  and  large, 
.They  consist  of  small  masses  of  adenoid  tissue  loadetl  with  leucocytes  (Hg.  254).    The 


Dingram  of  avcrlical  section  of  the  itiucoiia  membrane  of  tht*  small 
intestuie  of  a  dog,  showing  tlio  clo«e< I  follicles,  fw^  part  of  a  Peyei's 
jtatch  ;  6,  mu»«.'ulftri«  tnocotsfe. 
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siniill,  roimrl,  nr  ova]  mn^^osi  at  llrst  He  in  tlif^  huicour  noat»  tlttnr  apex  covertxl  hy 
thc^  e|iillii'liuni,  witli  few  ^olilet^L-elLs,  wliile  tlirir  outer  part  resU  tm  the  iniiscu* 
laris  inuensa*.  As  they  develop,  they  gnnv  raitu-ardr^  thrcmgli  th<*  mii^ciUuris 
miic*iHgp^  iunl  |teiietriite  int^)  the  Hiih-nnit  ou.^  coat,  hi*  that  tin  v  heconie  jjear-^haptHl, 
the  iiarrifw  en4  of  the  j>ear  heiii^  tliri'etctl  to^vai^ls  and  rovered  by  thi*  epitliehniu 
^»f  tlje  ^qit.  At  the  same  time  LielHTkiilm's  ghmds  are  pri\ssi'd  aside  and  ni»  villi 
lie  oier  tlie  folliele.s.  In  tlie  centre  of  eaeli  in  a  ^ifernwentre,  ^vhere  the  leni:o- 
cytes  oft-t^n  exhil>it  mito.'^is.  ilaiiy  t»f  the  leinioeytes  wander  ont  hetween  the 
epithidial  eellrt  jnst  as  in  the  timsii,  Tliey  are  well  snpplied  ^vith  hhRwl-vessek 
(I  1117),  although  no  lymphatic  vcascls  ent^n-  tliein.  They  are  ^niTounded  l»y 
lyniphatie.H,  and,  in  fact,  they  may  he  said  t*>  hatig  into  a  lympli-^fcreani.     The 


I 


T"-T^ 


m4M 


Fig.  251 

»^bt*me  of  the  hlood-vi^ssels  of  Lbt!  itiiiall  latesthie.     Arteries  rej^  veins  blue. 
iZoaU  are  sliowii  stlieruEilically.     s,  villL 


T!j«  vanous 


distribution  uf  solitary  follicles  it*  fairly  uniform  in  the  small  intestine  ;  their 
nnmher^'enerally  inereai^es  from  the  stomach  Uf  the  large  inti*stine  ;  although  there 
are  rijiisidcralik'  variations  in   ditlereut  individuali?,  there  Heeius  to  Ix.^  the  same 
luimljer  of  solitary  follicles  and  Peycr'^  patches  in  the  infant  as  in  the  adidt. 
[Payer's  patches,  or  a^[nmated  glands,  ei>n.<*ist  of  grou])*;  (10-80  or  moi^) 
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of  lynipli -follicles,  lying  sitlo  Ly  «iclc  liko  tlie  foivf^oing  (tigs.  249,  255).  Tlie 
masses  are  often  more  or  le^s  fused  tvigetliiT,  tlii-ij-  Luj^i^s  lie  in  tlie  .siil>iiiiit't»H}i,  while 
their  suimuitH  iiroject  into  the  iiuKosa,  wheiv  they  iire  eovered  merely  by  the 
columnar  epithelium  of  the  inte.stine.  Tlie  lyniph-corpuseles  ofU^n  pa^  lrietw*.M?u 
the  epithelitii  cells.  The  pfitehes  80  formed  have  their  long  axis  in  the  axis  of  the 
intestine,  an4  they  are  always  jdaced  opposite  the  nttachinent  of  the  niesenUTv* 
Like  the  solitary  glands,  they  are  well  sn|>pHeil  witli  likKwl-vessels,  while  arotmd 
them  is  a  dense  plexus  of  lyniphEities  or  kcteaK  They  are  most  idnindant  in  the 
lower  pnrt  of  tlie  ilenm.     Tltese  ghuids  iire  specially  affecteil  In  typhoid  fever.] 

[Blood-vesselB  of  the  Bmall  intestine  {Hg.  256). — ISruiKhes  of  the  mesenteric 
arteries  from  hetweeii  the  t^vo  layers  of  the  peritoneum  reach  the  intestine,  and 
ramify  under  thi^  serous^  coat.  At  inti'r\'als  they  penetrate  tlie  longitudinal  and 
circular  miisenlar  coab<,  giving  otf  hrnnehesj  of  supply  to  these  as  they  ini.'<s.  Fairly 
large  branches  etiti-r  the  sub-miieons  coat  and  ntmif}'  ui  it,  an<l  from  these  fine 


I 


I/nnRttiidi- 
nal  fibres. 


Fig.  257. 
Longitudinal  zt^ectioti  of  the  large  iutc^tltte, 

branches  arise,  which  run  verticidly,  and  form  a  rich  pk*xus  around  Lielierktllui'a 
glands,  while  another  brajn  b  tiseends  in  each  \illuB  as  alrearly  deseril^etl  The 
blood  is  returned  by  corresiMjnding  \'eina.  Mall  luis  shown  that  small  capillary 
venous  plexuses  exist  in  the  std>mueoUs  toiit.  Tlie  mucous  coat  is  far  more 
vaaeular  than  the  nmscnlur.] 

[Nerves  of  the  intestine.— Tiic  nerves  of  ih«-small  intestine  come  fmm  the 
superior  iiiesenteric  plexus,  and  Jkiss  along  the  brant  lies  uf  tlie  superior  mesenteric 
ailerj'.  The  large  intestine  is  supplied  hy  Immches  fiom  tlie  inferior  mesenteric 
and  liypogiistric  plexuf^es.  The,  for  tlie  mi»st  part,  ULin-medulhited  nerve- tibres 
from  tlie  vessels  tu  the  inteHtine,  wlu-re  they  form  a  plexus  under  the  pi*ri' 


Sec.  190.]  STRUCTURE  OF  THE  LARGE  INTESTINE.  36 1 

toncal  coat  of  the  giit  and  from  this  branches  penetrate  the  muscular  coat  to  form 
Auerbach's  plexus.  This  plexus  exists  throughout  the  whole  intestinal  tract, 
lying  between  the  longitudinal  and  circular  muscular  coats  (figa  205,  206).  This 
plexus,  with  angular  or  polygonal  meshes,  consists  of  non-meduUated  nerves  with 
groups  of  raultii^olar  ganglionic  cells  at  the  nodes.  Fibres  are  given  off  by  it  U> 
the  muscular  coats.  Connected  by  branches  with  the  foregoing,  and  lying  in  the 
sub-mucosa,  is  the  plexus  of  Meissner,  which  is  much  finer,  the  meshes  being  wider, 
the  nodes  smaller,  but  also  provided  with  ganglionic  cells.  It  supplies  the  muscular 
fibres  and  arteries  of  the  mucosa,  including  those  of  the  villi.  It  also  sends 
branches  to  Lieberkiihn's  glands  (fig.  207).] 

[Structure  of  the  Large  Intestine. — It  has  four  coats,  like  those  of  the  small 
intestine.  The  serous  coat  has  the  same  structure  as  that  of  the  small  intestine. 
The  muscular  coat  has  external  longitudinal  fibres  occurring  all  round  the  gut,  but 
they  form  three  flat  ribbon-like  longitudinal  bands  in  the  caecum  and  colon 
(fig.  257).  Inside  this  coat  are  the  circular  fibres.  The  sub-inucosa  is  practically 
the  same  as  that  of  the  small  intestine.  The  mucosa  is  distinguished  by  negative 
characters.  It  has  no  villi  and  no  Peyer's  patehes,  but  otherwise  it  resembles 
structurally  the  small  intestine,  consisting  of  a  basis  of  adenoid  tissue  with  the  simple 
tubular  glands  of  Lieberkiihn  (fig.  239).  These  glands  are  very  numerous  and 
somewhat  longer  than  those  of  the  small  intestine,  and  they  always  contain  far  more 
goblet-cells — about  ten  times  as  many.  The  cells  lining  them  are  devoid  of  a  clear 
disc.  Solitary  glands  occur  throughout  the  entire  length  of  the  large  intestine. 
At  the  bases  of  Lieberktthn's  glands  is  the  muscularis  mucosae.  The  blood- 
vessels and  nerves  have  a  similar  arrangement  te  those  in   the  stemach.] 

[Blood-Vessels. — Onlookingdownon  an  opaque  injection  of  the  mucous  membrane 
of  the  stomach,  one  sees  a  dense  mesh  work  of  polygonal  areas  of  imequal  size,  with 
depressions  here  and  there.  The  orifices  are  the  orifices  of  the  gastric  glands,  each 
surrounded  by  a  capillary.  A  somewhat  similar  appearance  is  seen  in  an  opaque 
injection  of  the  mucous  membrane  of  the  large  intestine,  but  in  the  latter  the  mesh- 
work  is  uniform,  all  the  orifices  (of  Lieberkiihn's  glands)  being  of  the  same  size.] 

191.  ABSOEPTION  OF  THE  DIGESTED  FOOD.— The  physical  forces  con- 
cerned  are : — endosmosis,  diffusion,  and  filtration. 

All  the  constituents  of  the  fooil,  with  the  exception  of  the  fats,  which  in  part  arc  clianged 
into  a  fine  emulsion,  are  brought  into  a  state  of  Bolution  by  the  digestive  processes.  These 
8ul)stances  pass  through  the  walls  of  the  intestinal  tract,  either  into  the  blood-vessels  of  the 
mucous  membrane  or  into  the  beginning  of  the  lymphatics.  In  this  passage  of  the  fluids  two 
physical  processes  come  into  play— <??i//o8/no*w  and  difniaioH  as  well  9iS  filtration. 

1  EndomiOBiB  and  diffiiBion  occur  between  two  fluids  which  are  capable  of  forming  an  inti- 
mate mixture  with  each  other,  c.q.^  hydrochloric  acid  and  water,  but  never  between  two  fluids 
which  do  not  form  a  prfect  mixture,  such  as  oil  and  water.  If  two  fluids  capable  of  mixing 
with  each  other,  but  of  diflerent  compositions,  be  separated  from  each  other  by  means  of  a  septum 
with  physical  pores  (which  occur  even  in  a  homogenous  membrane),  an  exchange  of  the  constitu- 
ents in  the  fluids  occurs  until  both  fluids  have  the  same  composition.  This  exchange  of  fluids 
is  termed  endosmosis  or  diosmosis. 

Diffusion,— If  the  two  miscible  fluids  are  placed  in  a  vessel,  the  one  fluid  over  the  other,  but 
without  being  separated  by  a  iK)rou8  septum,  an  exchange  of  the  particles  of  the  fluids  also  occurs, 
until  the  whole  mixture  is  of  uniform  composition.     Tnis  process  is  called  liquid  diffusion. 

Oonditions  influencing  Diffusion. — Graham's  investigations  showed  that  the  rapidity  of 
diffusion  is  influenced  by— (1)  The  nature  of  the  fluids  themselves  ;  acids  difl'use  most  rapidly  ; 
the  alkaline  salts  more  slowly  ;  and  most  slowly,  fluid  albumin,  gelatin,  gum,  dextrin.  These 
last  do  not  crystallise,  and  perhaps  do  not  fonu  true  solutions.  (2)  The  more  concentrated  the 
solutions,  the  greater  the  diflusion.  (3)  Heat  accelerates,  while  cold  retards,  the  process.  (4) 
If  a  solution  of  a  body  which  diff'uses  with  difficulty  be  mixed  with  an  easily  difl'usible  one,  the 
former  ditt*u8es  with  still  greater  difficulty.  (6)  Dilute  solutions  of  several  substances  difluse 
into  each  other  without  any  difficulty,  but  if  concentrated  solutions  are  employed,  the  process 
is  retarded.  (6)  Double  salts,  one  constituent  of  which  diffuses  more  reaaily  than  the  other, 
may  be  chemically  separated  by  diffusion. 

Endosmometer.— The  exchange  of  the  fluid-particles  takes  place  independently  of  the 
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hydxottatic  prcwure.  An  eudosmcmeter  (fig.  258)  consists  of  a  j^ass  cylinder  filled  with 
distilled  water,  and  into  this  is  placed  a  flask,  J,  without  a  bottom,  instead  of  which  a  mem- 
brane, »i,  is  tied  on.  A  glass  tnbe,  R,  is  fixed  firmly  by  means  of  a  cork  into  the  neck  of  the 
flask.  The  flask  is  filled  up  to  the  lower  end  of  the  tube  with  a  concentrated  salt  solution,  and 
is  then  placed  in  the  cylindrical  vessel  until  both  fluids  are  on  the  same  leyel,  x.  The  fluid  in 
the  tube,  R,  soon  begins  to  rise,  because  water  glasses  through  the  membrane  into  the  concen- 
trated solution  in  the  flask,  and  this  independently  of  the  hydrostatic  pressure.  Particles  of 
the  concentrated  salt  solution  pass  into  the  cylinder  and  mix  with  the  water,  F.  These  out- 
going and  ingoing  currents  continue  until  the  fluids  without  and  within  J  are  of  uniform 
composition,  whereby  the  fluid  in  K  always  stands  higher  {e.g.,  at  y),  while  it  is  lowered  in 
the  cylinder.  The  circumstance  of  the  level  of  the  fluid  within  the  tube  being  so  high,  and 
remaining  so,  is  due  to  the  fact  that  the  pores  in  the  membrane  are  too  fine  to  allow  the 
hydrostatic  pressure  to  act  through  them. 

Endosmotic  Equivalent. — £xi)ei-iment  has  shown  that  equal  weights  of  different  soluble 
substances  attract  diflerent  amounts  of  distilled  water  through  the  membrane,  i.e.,  a  known 
weight  of  a  soluble  substance  (in  the  flask)  can  be  exchanged  by  endos- 
iiiosis  for  a  definite  weight  of  wat«?r.  The  term  ''endosmotic  equivalent" 
indicates  the  weight  of  distilled  water  that  jiasses  into  the  flask  of  the 
endosmonieter,  in  exchange  for  a  known  weight  of  the  soluble  substance 
(Jolly).  For  1  grm.  alcohol  4  2  grms.  water  wens  exchanged;  while  for 
I  grm.  NaCl,  4*3  grms.  water  passed  into  the  endosmometer.  The 
following  numbers  give  the  endosmotic  equivalent  of 


ry 


Magnesium  sulphate,  —  11*7 

Potassium  sulphate, .  >->  12*0 

Sulphuric  acid,  .  •=  0-39 

Potassium  hydrate,  .  -215*0 


Acid  potassium  sulphate,  »  2*3 

Common  Salt,         .         .  «  4*3 

Sugar,    .        .        .        .  =  7*1 

Sodium  sulphate,   .        .  =11'6 

The  amount  of  the  substance  which  passes  through  the  membrane  into 
the  water  of  the  cylinder  is  proportional  to  the  concentration  of  the 
solution.  If  the  water  in  the  cylinder,  therefore,  be  repeatedly  renewed, 
the  endosmosis  takes  place  more  rapidly  and  the  process  of  equilibration 
is  accelerated.  The  larger  the  pores  of  the  membrane,  and  the  smaller  the 
molecules  of  the  substance  in  solution,  the  more  ra]nd  is  the  endosmosis. 
Hence,  the  rapidity  of  endosmosis  of  diflerent  substances  varies,  e.g.,  the 
rapidity  of  sugar,  sodium  sulphate,  common  salt,  and  urea  is  in  the  ratio 
of  1  :1*1  :5  :9-5. 

The  endosmotic  emiivaleiU  is  iiot  constant  for  eacJi  substance.  It  b 
influenced  by — (1)  The  temperature,  which,  as  it  increases,'  generally 
increases  the  endosmotic  equivalent.  (2)  It  also  varies  with  the  degree 
of  concentration  of  the  osmotic  solutions,  being  greater  for  dilute  solutions 
of  the  substances. 

If  a  substance  other  than  water  bo  placed  in  the  cylinder,  an  endosmotic 

current  occurs  on  both  sides  until  complete  equality  is  obtained.     In  this 

^  case,  the  currents  in  opposite  directions  disturb  each  other.     If  two  sub- 

^  ^  stances  be  dissolved  in  the  water  in  the  flask  at  the  same  time,  they  difiuse 

Fig.  258.  into  water  without  affecting  each  other.     (3)  It  also  varies  with  membranes 

Endosmometer.      ^^  varying  porosity.     Common  salt,  which  gives  an  endosmotic  equivalent 

with  a  pig's  bladder » 4 '3  gives  6*4  when  an  ox  bladder  is  used  ;  2*9  with 

a  swimming  bladder;  and  20*2  with  a  collodion  membrane. 

Colloids. — There  arc  many  flu  id -substances  which,  on  account  of  the  great  size  of  their  mole- 
cules, do  not  pass,  or  pass  only  with  difficulty,  through  the  pores  of  a  membrane  impregnated 
with  gelatinous  bodies,  which  difl'ui>e  slowly.  These  substances  are  not  actually  in  a  true  state  of 
solution,  but  exist  in  a  very  dilute  condition  of  imbibition.  Such  substances  are  the  fluid  pro- 
teids,  starches,  dextrin,  gum,  and  gelatin.  These  diffuse  when  no  septum  is  present,  but  diffuse 
with  difficulty  or  not  at  all  through  a  porous  septum.  Graham  called  these  substances  oolloidB, 
because,  when  concentrated,  they  present  a  glue-like  or  gelatinous  appearance ;  further  they  do 
not  crystallise,  while  those  substances  which  diffuse  readily  are  crystalline,  and  are  called  crystal- 
loids.  Crystallisable  substances  may  be  separated  from  non-crystallisable  by  this  process,  which 
(vraham  called  dialysis.     Mineral  salts  favour  the  passage  of  colloids  through  membranes. 

That  endosmosis  and  diffusion  take  place  in  the  intestinal  tract,  through  the 
mucous  membrane  and  the  delicate  membranes  of  the  blood-  and  lymph-capillaries, 
cannot  be  denied.  On  the  one  side  of  the  membrane,  within  the  intestine,  arc 
relatively  concentrateil  solutions  of  highly  diffusible  salts,  peptones,  sugar,  and 
soaps,  and  within  the  blood-vessels  are  the  colloids,  which  are  scarcely  diffusible, 
e.g.,  the  proteids  of  blood  arid  lymph.  . 
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n.  Filfratioii  is  the  passage  of  fluids  through  the  ooane  intermolecnkr  pores  of  a  membrane 
owing  to  preflBore.  The  greater  the  pressure,  and  the  larger  and  more  numerous  the  pores, 
the  more  rapidly  does  the  fluid  pass  through  the  membrane ;  increase  of  temperature  also 
■accelerates  it  Those  substances  which  are  imbibed  by  the  membrane  filter  most  rapidly,  so 
that  the  same  substance  filters  through  different  membranes  with  varying  rapidity.  The  filtra- 
tion is  usually  slower,  the  greater  the  concentration  of  the  fluid.  The  filter  has  the  property  of 
rataining  some  of  the  substances  from  the  solution  passing  through  it,  e.g.f  colloid  suDstances^ 
or  water  (in  dilute  solutions  of  nitre).  In  the  former  case,  the  filtrate  is  more  dilute,  in  the 
latter  more  concentrated,  than  before  filtration.  Other  substances  filter  without  undergoing 
any  change  of  concentration.  Many  membranes  behave  differently,  according  to  which  surface 
is  placed  next  the  fluid  ;  thus  the  shell-membrane  of  an  egg  permits  filtration  only  from  with- 
out inwai*ds  ;  [and  the  same  is  true  to  a  much  less  extent  witn  filter-paper  ;  the  smooth  side  of 
the  filter-paper  ought  always  to  be  placed  next  the  fluid  to  be  filtered.  The  intact  skin  of  the 
grape  prevents  the  entrance  of  fungi  into  the  fruit.]  There  is  a  similar  diflerence  with  the 
gastric  and  intestinal  mucous  membrane. 

[By  using  numerous  layers  of  filter-paper,  many  colloids  and  crystalloids  are  retained  in  the 
filter,  e,g.,  haemoglobin,  albumin,  and  many  colouring  matters,  especially  aniline  colours,  the 
last  being  arrested  by  glass-wool  {Kryainski).'] 

[Filtration  of  Albumin. — Kuneberg  finds  that  the  amount  of  albumin  in  pathological  transu- 
dations varies  with  (1)  the  capillary  area^  being  least  in  oedema  of  the  subcutaneous  tissue. 
(2)  The  presence  or  absence  of  ivflammaiori/ processes  in  the  vascular  wall,  non-inflammatory 
pleuritic  efl'nsion  containing  2  per  cent.,  and  inflammatory  6  per  cent.,  of  albumin.  (3)  The 
condition  and  amount  of  albumin  in  the  blood.  The  amount  of  albumin  in  the  transudate  never 
reaches,  although  it  sometimes  approaches,  that  in  blood.  In  ascites  in  general  dropsy  the 
amount  is  '03  to  '04  per  cent.  (4)  The  duration  of  the  transudation.  (6)  Perhaps  the  blood- 
pressure  and  the  concfition  of  the  ciix!ulation.] 

Filtration  of  the  soluble  substance  may  take  place  from  the  canal  of  the 
digestive  tract  when  : — (1)  The  intestine  contracts  and  thus  exerts  pressure  upon  its 
contents.  This  is  possible  when  the  tube  is  narroweil  at  two  points,  and  tlie 
musculature  between  these  two  points  contracts  upon  the  fluid-contents.  (2) 
Filtration,  under  negative  pressure,  may  be  caused  by  the  villi  {Briicke).  When 
the  villi  contract  energetically,  they  empty  their  contents  towards  the  blood-  and 
lymph-vessels.  The  lacteal  remains  empty,  as  the  chyle  is  prevented  from  passing 
backwards  into  the  origin  of  the  lacteal  within  the  villi,  owing  to  the  presence  of 
numerous  valves  in  the  lymphatics.  When  the  villi  relax,  they  are  refilled  with 
fluids  from  the  intestine. 

192.  ABSOBFTIOK  BT  THE  INTESTINAL  WALL.— I.  True  solutions 

undoubtedly  pass  by  endosmosis  into  the  blood-vessels  and  lympliatics  of  the 
intestinal  walls,  but  numerous  facts  indicate  that  the  protoplasm  of  the  cells  takes 
an  active  part  in  the  process  of  absorption.  The  forc(is  concerned  have  not  as  yet 
been  proved  to  be  purely  physical  and  chemical  in  their  nature. 

(1)  Inorganic  Substances. — Water  and  the  soluble  salts  necessary  for  nutrition 
are  easily  absorbed,  the  latter  especially  by  the  blood-  antl  lymph-vessels.  When 
saline  solutions  pass  by  endosmosis  into  the  vessels,  water  must  pass  from  the  intes- 
tinal vessels  into  the  intestine.  The  amount  of  water,  however,  is  small,  owing  to 
the  small  endosmotic  equivalent  of  the  salts  to  be  absorbed.  More  salts  are  absorlxid 
from  concentrated  than  from  dilute  solutions.  If  large  quantities  of  salt,  with  a 
liigh  endosmotic  equivalent,  e,g.^  magnesium  or  sodium  sulphate,  are  introduced 
into  the  intestine,  these  salts  retain  the  water  necessary  for  their  solution,  and  may 
thus  cause  diarrhoea.  Conversely,  when  the«e  substances  are  injected  into  the 
blood,  a  large  quantity  of  water  passes  from  the  intestine  into  the  blood,  so  that 
constipation  occurs,  owing  to  dryness  of  the  intestinal  contents  (Auhert), 

[M.  Hay  concludes  from  his  experiments  (§  161)  that  salts,  when  placed  in  the  intestines, 
do  not  abstract  water  from  the  blood,  or  are  themselves  absorbed,  in  virtue  of  an  endosmotic 
relation  being  established  between  the  blood  and  the  saline  solution  in  the  intestines.  Absorp- 
tion is  probably  due  to  the  filtration  and  diffusion,  or  processes  of  imbibition  other  than  endos- 
mosis, as  yet  little  understood.  The  result  obtained  by  Anbert,  which  is  not  constant,  is  mostly 
caused  by  the  great  diuresis  which  the  injected  salt  excites.]  The  absorption  of  fluids  takes 
place  best  at  a  medium  pressure  of  80  to  140  cm.  of  water  within  the  intestine  ;  higher  pressure 
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compreaaes  the  blocwl-ve^wls  find  dlminiaheij  the  abaorptton.  During  digestion,  owing  to  tlj<> 
diUtatioii  of  the  vessels,  absorjition  \h  more  rapiil.  The  fact  tbjit  0*5  |ier  cent  sobitioti  of 
KaCl  \s  absorbed  better  timii  water,  aod  soda  solutiou  than  potash  j^obitioii,  seems  to  shonr  that 
physical  forces  are  not  the  only  ("actoM  Lont^erncvh 

Numerous  tnorgauie  substances,  which  do  not  ocenr  iu  the  bixiy,  are  absorbed  by  endosmoain 
from  the  iuteatinG,  r.g,^  dilute  sulphuric  acid,  [loti&^iuni  iodide^  chlorate,  and  bromide,  and 
many  other  «alts. 

[That  the  wat^T  passes  chiefly  into  the  blood-capillaries^  and  only  a  small  amount 
by  the  lactfals,  appears  to  be  due  to  the  su|icrficial  position  of  theso  eapiUaries 
iiiimediat4:dy  under  the  epithelium  of  the  villus  (fig.  259,  c).     If  water  be  uyected 


Fig.  25J>. 
Transverse  section  of  ao  inte^Uaal  villiii<j{dog),     /,  laeteal  ;  c,  cttpilliiriei*  ;  m^  muscular  fibres* 

into  a  loop  of  intestine  iu  the  dog,  and  a  fistula  made  on  the  thomcic  duct  so  as  to 
coUint  the  rhyle,  the  ehyk'-streaiu  k  but  &lightly  increased  during  the  aksorption 
fif  the  water  frtmi  the  intestine,  m  tlmt  j^erliaps  a  large  part  of  th**  fli^ld  of  tlie 
chyle  is  derived  fioni  the  lymph  formed  by  the  capillaries  of  the  villi.  The  water 
apjwars  Ui  pass  between  tlie  cells,  as  well  as  tb rough,  tlie  cell  protoplasm. 

Physical  forces,  <?,r/.^  diflusion,  do  not  seem  to  yield  a  Batinfactory  exphuiati<»n  of 
the  absorption  of  water  from  the  intc9tiiie.  If  a  solution  of  grajMj-sugar  and  Bodie 
sulphate  be  injected  into  a  loop  of  intestine,  the  whole  of  the  fonuer  is  absorlje^l, 
but  tliei-e  always  remains  a  considcndde  amount  of  the  latter  in  the  gut,  although 
Bodie  sulphate  has  a  higher  rate  of  diffusum  than  grape-sugar.  Intleed,  for  many 
ftoluble  Hubst^xnces  (e.^.f  pigments)  the  epitbehum  ia  quite  im]Terviou». 

Asi  a  general  rule,  sohilde  i^td>sUuices  [tam  in  the  same  way  as  the  water,  i*,,  into 
the  lj !  ood-  vv  sse  Is  J 

(2)  The  soluble  carbohydrates,  such  as  the  sugars,  of  which  the  chief  reprtA- 
sentativea  are  maltose  and  dextrose,  with  a  rehitively  high  endosmotic  e4ui\'Bleiit, 
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Cane-sugar  is  changed  by  a  special  ferment  into  invert-sugar  (§  183,  5).  Absorption 
appears  to  take  place  somewhat  slowly,  as  only  very  small  quantities  of  grape-sugar 
are  found  in  the  chyle  vessels,  or  the  portal  vein,  at  any  time.  According  to 
V.  Mering,  the  sugar  passes  from  the  intestine  into  the  rootlets  of  the  portal  vein ; 
dextrin  is  also  said  to  occur  in  the  portal  vein.  [This  latter  statement  is  higlily 
doubtful.]  When  the  blood  of  the  portal  vein  is  boiled  with  dilute  sulphuric  acid 
the  amount  of  sugar  is  increased.  [There  is  no  proof  that  the  carbohydrates  are 
absorbed  in  any  other  form  than  sugar.]  The  amount  of  sugar  absorbed  depends 
upon  the  concentration  of  its  solution  in  the  intestine  ;  hence  the  amoimt  of  sugar 
in  the  blood  is  increased  after  a  diet  containing  much  of  this  substance,  so  that  it 
may  appear  in  the  urine  ;  in  which  wise  the  blood  must  contain  at  least  0*6  per 
cent,  of  sugar.  A  small  amoimt  of  cane-sugar  has  also  been  foimd  in  the  blood 
(CL  Bernard).  If  a  large  quantity  of  sugar  be  present  in  the  intestine  a  part 
passes  into  the  lymphatics  or  lacteal  (Gimberf/),  The  sugar  is  used  up  in  the  bodily 
metabolism  ;  some  of  it  is  perhaps  oxidised  in  the  muscles  (§  176). 

[Injection  of  sugar  into  blood.— Lactose  when  injected  into  a  vein  is  excreted  unchanged  in 
the  urine,  but  galactose  is  almost  completely  assimilated,  only  a  trace  appearing  in  the  urine. 
Lactose,  therefore,  requires  to  be  changed  in  the  intestinal  canal  before  it  can  be  assimilated 
(Dartre).    Cane-sugar  is  excreted  in  the  urine  as  a  foreign  body.     Orape-sugar  (p.  324).] 

(3)  The  peptones  have  a  small  endosmotic  equivalent,  a  2  to  9  per  cent,  solu- 
tion =  7  to  10  [while  albumin  has  100].  Owing  to  their  great  diflfusibility  they 
are  readily  absorbed,  and  they  are  the  chief  representatives  of  the  proteids  which 
are  absorbed.  The  amount  absorbed  depends  upon  the  concentration  of  their 
solution  in  the  intestine.  [According  to  P168z  and  Gyorgj^ai,  Drosdoff  and 
Schmidt-Mulheim,  peptones  occur  only  in  traces  in  the  blood  of  the  portal  vein. 
Neumeister,  however,  using  the  best  methods,  finds  that  although  peptones  are 
abundant  in  the  intestine,  not  a  trace  of  peptone  or  of  the  albumoses  is  found 
either  in  the  blood  or  lymph.  This  coincides  with  Hofmeister's  reseiirches.  As 
no  peptones  or  albumoses  have  been  found  in  the  blood,  and  as  they  can  compen- 
sate for  the  total  metabolism  of  the  proteids  within  the  body,  we  must  assume  that 
they  are  rapidly  converted  into  true  albuminous  bodies,  somewhere  between  the 
cavity  of  the  intestine  and  the  blood-stream,  i.e.,  in  the  wall  of  the  intestine  itself.] 
Hofmeister  supposes  that  the  leucocytes  absorb  the  peptones  and  act  as  their 
carriers,  much  as  the  red  corpuscles  are  oxygen  carriers.  They  carry  the  peptones 
into  the  mucous  membrane  of  the  stomach  and  small  intestine,  wliich  are  very 
rich  in  peptone  at  the  fourth  hour  of  digestion.  [The  number  of  leucocytes  is 
greatly  increased  in  the  mucous  membrane,  especially  in  the  stomach  and  upper 
part  of  the  duodenum,  during  digestion,  and  diminished  during  fasting  in  dogs 
and  cats.  The  same  is  the  case  with  the  lymph-follicles,  the  cells  of  wliich  are 
formed  by  the  division  of  the  pre-existing  cells.  [Thus  the  mucous  membrane 
possesses  the  property  of  clixmging  peptone  into  albumin  {Salmoli).  Heidenhain 
regards  the  epithelium  of  the  villi  as  the  seat  of  these  changes.  He  supposes  that 
the  epithelium  covering  the  villi  reconvert  the  peptone  into  albumin,  and  give  it 
up  to  the  blood-capillaries  lying  immediately  below  the  epithelial  cells.  At  all 
events,  some  structures  in  the  mucous  membrane  are  capable  of  effecting  the  recon- 
version of  peptones  into  albumin.]  When  animals  are  fed  on  peptones  (with  the 
necessary  fat  or  sugar),  these  serve  to  maintain  the  body-weight. 

[It  was  formerly  stated  that  the  liver  possessed  the  p>ower  of  converting  peptones  into 
albumin.  Neumeister  completely  disproved  this  view  by  perfusing  blood  containing  peptones 
through  an  excised  but  still  living  liver,  and  finding  that  no  such  change  was  effected.  Also  by 
injecting  peptones  and  albumoses  into  a  mesenteric  vein,  almost  all  the  peptone  was  excreted  by 
the  urine,  only  a  minute  quantity  being  found  in  the  small  intestine.] 

[If  a  loop  of  mesentery  be  excised,  and  blood  perfused  through  its  arteries,  i.e.,  an  artificial 
circulation  kept  up,  the  loop  will  live  for  some  time.  If  peptone  be  placed  in  the  cavity  of 
the  loop,  it  will  gradually  disappear  from  the  intestine,  nor  can  it  be  recovered  from  the  blood. 
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It  in  absorbed,  but  iippcii-cntlj  not  as  pentoue.  It  is  tiot  chnngcd  by  tbe  blood,  for  peptone 
lidded  to  blood  before  it  is  perfused  can  W  recovered  from  the  blood  after  ite  pcrfiisioix.  Thb 
cixpeiimL'nt  al»u  points  to  llie  peptouc  btnng  cbnugifd  hi  its  pAssage  through  tbe  wall  of 
the  iti  tea  ti  1 1«  ( L  ad  auj  an  d  Snlvluli )» J 

[Injection  of  Peptone  into  Biooi  —  Wlieu  peptone  is  slowly  injected  into  tlie  blcHxl  of  an 
aniTiml,  within  a  ahort  time  th^'rciifter  no  trace  of  the  peptone  is  to  bo  foyiid  in  the 
blood,  liver,  wpleeu,  or  small  intt'stine,  ami  only  trai'es  in  tbe  kidney.  It  is  rapidly 
exerettfd,  by  th*?  kidneys,  so  that  the  uriue  in  like  a  nnlution  of  peptone.  It  a  large  riiiantity 
be  rapidly  injected  tho  rabliit  ilii%  anil  \\n\^\i  |Miptorie  \^  found  io  the  small  intestine.  It  would 
seem  aa  if  the  kidneyH  could  not  excreto  it  [jniek  enongb^  with  the  result  that  it  passed 
into  the  intestine.  Peptones,  or  rather  albumoeea,  so  injected  prevent  the  blood  of  the  dog 
(not  of  the  rabbit,  eat,  or  pig)  from  coa;i^Llatiu^  (p.  36).  In  lai^  quantity  they  arc  fataL 
Five  cc.  of  a  *2ft  per  cent,  solution  in  0  6  percent.  NuCl  Bolutioii  is  fiital  to  a  dog  weighing  abont 
8  kilos.  (17  lbs.).  The  peptones  used  in  theai^  expnnients  were  really  a  mixture  of  i)ept4>iifii 
and  albumoses,  Neumeister  finds  that  in  the  dog,  wlien  albumoaes  are  injertod  into  tn«  blood 
tliey  reappear  in  the  urine,  but  somewhere  iu  the  bo<Jy  they  undergo  hydnition  in  the  sense  in 
which  jwptie  digestion  causes  hydration.  The  two  pnmary  albomoseft  reappear  almost  com- 
pletcly  as  deutero-albumose,  aiiil  deutero  albumose,  when  introduceil,  reapjwans  as  peptone. 
Peptone,  however^  reaiii>ettrs  nnchauged.  In  rabbits,  albuinose  reappeAra  unchanged  in  tbe 
urine.] 

(4)  UQchanged  tnie  proteids  lilter  with  greiit  diHiLtulty^  ami  nmcU  albumin 
roiimins  upon  the  hlttjr.  ihi  avAimwi  of  their  high eiiilosniotie pqnivaleiit tlipy  pass 
with  extreme  sIowik-bh,  and  only  in  traecs,  through  nii'nil»rancs.  Xevertheless,  it 
\ms  beon  couehisively  proved  that  unchanged  jjroteids  can  l»e  idjsorltid  {Briicke)^ 
e.f/.,  casein,  Bt>lnhlc  myosin^  alkaliallanuintite,  allniniiri  mixeil  with  eomnuni  salt, 
gelatin  { Voif^  Baiiei\  EitMorst).  Tliey  are  ahsorlied  even  froni  Ihe  large  intestine 
(Czfrtiff  and  Lai»chcnltfr(/er)^  althougli  the  human  large  intestine  cannot  alxm^irb 
more  than  6  grnis,  daily.  But  tlie  anLunnt  of  \indiai)gctl  proteidt?  absorhed  is 
Always  very  nuieh  lesvS  than  tbe  anknnit  of  i>eptone. 

Other  proteids.  —  Kg^  albumin  without  common  salt,  syntonin,  seriua-alhuiain,  and  fibrin  are 
not  absorbed  from  the  intestine  {Eichltor^t),  J^iMluis  observed,  in  the  case  of  a  young  man 
who  took  the  whites  of  14  to  20  eggs  along  with  NaCl,  that  albuniin  was  given  off  by  the  urine 
for  4  to  10  hours  thereafter.  The  amount  of  albumin  given  olf  rose  until  the  third  day.  and 
coaaed  on  the  fifth  day.  The  more  albumin  taken,  the  sooner  the  atbuniinuria  appeared,  and  the 
longer  it  lasted.  Theunehanged  egg-albunnn  reappoitred  in  the  urine.  If  unboiled  eggallmiiiiii 
be  injected  into  the  blood,  i»artof  it  rBappcai-s  in  the  uiine,  [so  that  it  is  not  assimilated  bv  the 
tijfhue».  Before  this  cjin  occur  it  must  be  altered  in  the  digestive  tract.  If  it  be  cbangocf  into 
Byntouiu  or  into  alkali  albumin,  however,  and  then  injected  into  a  vein  (dog),  not  a  trace  of  thp;se 
apriears  in  the  urine,  so  that  they  Meem  to  be  assimilatiNl  in  the  blood -streAin.  Gaaein  sinii* 
lariy  injected  eauHe.s  albununiiria,  so  that  the  changes  casein  undergoes  fluring  digestion  prevcntB 
it  from  being  excreti^i  from  tlie  hhxtd  by  the  kidneys  {Neumeisifr)  {%  41,  2),  {Stoki*is,  Lrhmann).] 

(5)  Tin*  soluhle  fat-Soap6  rej^resent  only  a  fraction  of  the  fat^s  of  the  food  vvhicli 
arc  aksorlKnl ;  the  greater  |Hirt  of  tbe  neutral  hits  being  absorljed  in  the  form  of 
very  fine  partiele.^ — im  an  eniulHion  {§  192,  II.).  Tbe  cU^sorlM'd  »o<tps  have  heen/otirui 
in  the  vhijh\  and  as  the  blood  of  tbe  pn'tal  vein  contidns  more  woaps  during  diges- 
tion than  during  Inmger,  it  has  beenaHstnned  tliatthe  t*oaiiSpa.Hs  into  the  int^^tinal 
blcKxl-capiliaries,     Still  only  a  very  small  amount  passes  into  the  blood  (/.  Mitnl), 

The  inve«tigatiou8  of  Lcnz,  Bidder,  and  Schmidt  render  it  probable  that  the  arganUm  can 
al»sorb  only  a  limite<I  amount  of  fiit  within  a  given  |R'nod  ;  the  amonnt,  p^^rhaps,  beiirt  •  relation 
to  thi«  amount  of  bile  and  painreatic  juice.  The  maximum  per  kilo,  (cat)  was  0*6  gmu  of  fat 
j>er  hour. 

[Injection  of  aoapfl  into  the  blood.— If  a  certain  amount  of  pure  olcAte  of  aoda  (•oap)  pr 
kilogram  weight  be  iiijtvted  into  a  vein  in  a  dog  or  rabbit,  the  hlymbpres.**ure  falls  and  death  may 
take  place-  U\  however,  tlie  soap  Milution  be  injeetecl  into  the  rootlets  of  the  portal  vein  it 
requiif  s  much  more  soap,  so  that  the  liver  appears  to  retain  a  large  ]iart  of  it,  or  chmige  it 
ehcmitmlly.  If  volatile  fatty  acids  (butyrate  of  sorla)  be  injectM  instead,  about  ten  tinier  the 
amount  can  be  injected.  Injection  of  8oai>3  into  the  blood  retartla  tlie  coagulation  of  the  blood. 
In  some  rci^peets,  theix^foi-e,  »oap-injection  is  like  peptone*injection,  but  the  poisoiious  action  of 
the  peptone  is  not  diminished  by  the  liver  iw  h  tlie  case  with  the  soaps.] 

Tbe  gieatest  amount  of  tin*  fats  in  the  intestine  are  conveyed  to  the  cliyle  as 
neutral  fats.     It  wonhl  iq>pear  tliat  the  soai>s  remdte  with  glycerin  in  the  ^mrtHi* 
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fchyma  of  the  villi,  to  fonn  neutral  fats,  as  Perewoznikoff  and  Will  found  neutral 
fats,  after  injecting  these  two  ingredients  into  the  intestinal  canal,  while  Ewald 
found  that  fat  was  formed  when  soaps  and  glycerin  were  brought  into  contact  with 
the  living  fresh  intestinal  mucous  membrane.  No  fatty  adcb  are  fomid  in  blood 
(§  32,  11.)  or  chyle  (§  198). 

Abeorption  of  other  Substances.— Of  soluble  substances  which  are  introduced  into  the  intes- 
tinal canal,  some  are  absorbed  and  othci*s  are  not  The  following  are  absorbed  : — alcohol,  part 
of  which  appears  in  the  urine  (not  in  the  expired  aii*),  viz.,  that  pai-t  which  is  not  changed  into 
COo  and  H.0,  within  the  body  ;  tartaric,  citiic,  malic,  and  lactic  acids  ;  elycerin,  inulin  ;  gum 
and  vegetable  mucin,  which  give  rise  to  the  formation  of  glycogen  in  the  liver. 

Amongst  colouring  matters,  alizarin  (from  madder),  alKanat,  indigo-sulphuric  acid,  and  its 
soda-salt  are  absorbed  ;  heematin  is  partly  absorbed,  while  chlorophyll  is  not.  Metallic  salts 
seem  to  be  kept  in  solution  by  proteids,  are  perhaps  absorbed  along  with  them,  and  are  partly 
carried  by  the  blood  of  the  portal  vein  to  the  liver  (ferric  sulphate  has  been  found  in  cnylo). 
Numerous  poisons  are  very  rapidly  absorbed,  e.g:\  hydrocyanic  acid  after  a  few  seconds  ;  potas- 
sium cyanide  has  been  founa  in  the  chyle.  [If  salts  (KI,  sulphocyanide  of  ammonium)  be 
injected  into  a  ligatured  loop  of  intestine  (dog,  cat,  rabbit),  these  substances  are  absorbed  both 
by  the  blood-  and  lymph-vessels,  and  in  both  nearly  simultaneously.] 

Even  for  the  absori)tion  of  completely  fluid  substances,  endosmosis  and  filti*ation  seem  to  be 
scarcely  sufficient.  An  active  participation  of  the  protoplasm  of  the  cells'seems  bere  also — in 
part  at  least — to  be  necessary,  else  it  is  difficult  to  explain  how  very  slight  disturbances  in  the 
activity  of  these  cells,  eg.,  from  intestinal  catarrh,  cause  sudden  variations  of  absorption,  and 
even  the  passage  of  fluids  into  the  intestine. 

If  absorption  were  due  to  effusion  alone,  when  alcohol  is  injected  into  the  intestine,  water 
ought  to  pass  into  the  intestine,  but  this  does  not  occur.  Brieger  found  that  the  injection  of  a 
0*5  to  1  per  cent,  solution  of  salts  into  a  ligatured  loop  of  intestine  did  not  cause  water  to  pass 
into  the  intestine  ;  but  it  appeared  when  a  20  per  cent,  solution  was  injected. 

n.  Absorption  of  the  Smallest  Particles. — The  largest  amount  of  the  neutral 

fets  and  also  the  fatty  acids  are  simultaneously  absorbed  in  the  form  of  a  milk- 
like  emulsion,  formed  by  the  action  of  the  bile  and  the  pancreatic  juice,  and  consist- 
ing of  excessively  small  granules  of  uniform  size  (§  170,  III. ;  §  181).  The  fats 
themselves  are  not  chemically  changed,  but  remain  as  undecomposed  neutral  fats. 
The  particles  seem  to  be  surrounded  by  a  delicate  albuminous  envelope,  or 
haptogen  membrane,  partly  derived  from  the  pancreatic  juice  [probably  from  its 
alkali-albuminate.]  The  process  of  the  absorption  of  fat  by  the  villi  is  one  of  the 
most  obscure  in  physiology.  The  villi  of  the  small  intestine  are  the  chief  organs 
concerned  in  the  absorption  of  the  fatty  emulsion,  but  the  epithelium  of  the 
fitomach  and  that  of  the  large  intestine  also  take  a  part.  The  fatty  granules  are 
recognised  in  the  villi — (1)  Within  the  delicate  canals?  (§  190),  in  the  clear  band 
of  the  epithelium  (Kolliker).  [It  is  highly  doubtful  if  the  vertical  lines  seen  in  the 
clear  disc  of  the  epithelium  of  the  intestine  are  due  to  pores.]  (2)  The  protoplasm 
of  the  epithelial  cells  is  loaded  with  fatty  granules  of  various  sizes  during  the  time 
of  absorption,  while  the  nuclei  of  the  cells  remain  free,  although,  from  the 
amount  of  fat  within  the  cells,  'it  is  often  difficult  to  distinguish  them  (fig.  260). 
(3)  The  granules  pass  into  the  spaces  of  the  parenchyma  of  the  viUi ;  these  spaces 
communicate  freely  with  each  other.  (4)  The  origin  of  the  central  lymphatic 
or  lacteal  in  the  axis  of  the  villus  is  found  to  be  filled  with  fatty  granules. 

The  amount  of  fat  in  the  chyle  of  a  dog,  after  a  fatty  meal,  is  8  to  10  per  cent, 
while  the  fat  disappears  from  the  blood  within  thirty  hours. 

[Absorption  of  fat. — 1.  Within  the  epithelial  cells. — As  to  the  absorption  of 
fate,  the  balance  of  evidence  goes  to  show  that  it  passes  through  the  body  of  the 
epithelial  cells,  but  what  forces  are  concerned  in  this  process  is  not  certain.  The 
bile  at  least  seems  to  aid  the  process  within  the  epithelial  cells ;  the  fat  appears  in 
iiroplete  of  variable  size  (fig.  260).  The  fat  enters  in  small  droplets,  which  in  the 
protoplasm  of  the  cell  may  nm  together  to  form  larger  ones.  The  fatty  contents 
seem  to  be  driven  out  of  the  body  of  the  cells  by  the  contraction  of  the  protoplasm 
of  the  cells. 
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Fig,  260. 


2,  In  the  spaces  of  the  stroma  of  the  villi. — T)ie  fatty  griiuiiles  then  puBs  into 
thu  pertcollular  spaces  of  tlie  slronia  v(  Ih*^   villi.     Tlie  fattj  piu'ticles  are  carried 

throng]  1  the-se  t^fmces  towanla 
the  lacteal  hy  th<^lymph'Str€?aiu^ 
which  Hows  from  the  super* 
ficnuily  placed  nipillurics  to- 
wanla  tho.  centml  lacteal. 
This  current  carries  the  su&- 
p(Mnk(l  fatty  particles  flojitin^ 
in  an  alkaline  .stream. 

3.  In  the  lacteal. — The  ^>- 

iNillril  **molerular  hasis  '*of  the 

I'liyle  is  iiiist  seen  and  apjiears 

iiB  the  su8ixmded 

pirns   intrt   tlie 

such    fint*    fatty 

I'muJj^ion    a*s    occurs    in     the 

laet*:als  is  found  in  t!ie  s^mall 

intestine,  mn-  even  in  the  inlhia 

itdelf 

V    4^-    1       ..        ...        ,,,   ,.         „       ,,,        ,      ,  There  is  nrt  good  retistm  for 

Vertical  sfiction  ol    tiie  epUhi'lmtii  of  ct  villus,  showiui?    ,    ,.      .       ^\    ^t^  i*       *i 

tlie  absorption  of  fat ;  bw  Mty  piirticles  are  bkckenea    I'^^heving  that  fat  pasHe^dtrt^eUy 
by  osmic  acid.  into  the  liliKKl-ves5els.J 

[Some  recent  ubservers,  ejj, 
Krehl,  doul>t  whether  fat  is  alnorhed  in  a  particulate  form  from  the  intestine^  and 
they  rcganl  it  as  most  probable  that  the  fat  is  absorbed  l*y  the  epitheliuin 
in  a  stiluble  form.] 

[G.  Bernanl   unticed  in   rabbits,    in   whom  the   chief   pancreatic   duct  open* 
separate  from  the  bile-duct,  and  low^  down  in  the  intestine,  that  the  laeteals  tinjt 

ln'came  white  Wlow  the  entrance  uf  the  |Ninereatic 
duct  (tig,  261).  This  observation  led  him  to  attach 
gre.it  importance  to  the  emulsiouising  prop<?rties  uf 
the  |umcreatie  juice.] 

Fate  of  the  Fats.— -The  excessively  tine  fatty 
particles  are  UH<d  up  by  the  tissues,  but  all  ti^ue^ 
do  not  do  so  equally.  They  are  taken  up  in  largo 
amount  by  the  liver,  and  least  of  all  by  muscle. 
Tht^  tissues  are  said  to  split  up  the  fats  into  glycerin 
and  fatty  aeiils,  and  these  are  ultimattdy  oxidiiscd 
to  yield  heat  eliiefly, 

^Vith  regard  to  the  forces  concerned  in  the 
absorption  of  fats,  v.  Wistingliausen  stilted  that 
wdien  a  iwrous  nieiid>rane  is  moistened  with  hile, 
tlie  i>as${ige  ol  fatty  particles  through  it  in  thereby 
facilitated  (]k  334),  hut  this  fact  alone  doou  not 
explain  the  copious  and  rapid  al>sorption  of  fatsk 
It  is  possible  that  the  proti:n*lasiii  of  the  epithelial 
cells  is  actively  concerned  in  the  process,  and  that 
it  takes  the  particles  into  its  interior,  Pcrhajtef  a 
stomach ;  mg,  incseiitenc  gluaU ;  j^ne  protoplasmic  process  is  thrown  out  by  ihvjm 
t,  Itcteals ;  <  aaDdi-aym ;  pd,  ^^^  j^^^^  ^  pseudopodia  are  thrown  out  and 
entrance  of  pancreatic  duet,  ^       /  t  ,      i     "*  ^    *  r rni  •     i  t 

*  re  true  ted  by  lower  organisms,     [riiis,  however,  haa 

not  l>cen  corrobcjrated  l»y  a  sufficient  number  of  observers.]     Perhaps  thw  proto- 
pUiam  of  the  epithelifd  cells,  in  virtue  of  its  contraetihty,  forces  the  fatty  granuleai 


Fi«.  261. 

PuDcreas  and  duodenum  of  rabbit 
during    digestion    of    fat.       S, 
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out  of  the  cells  into  the  spaces  of  the  villi,  whence  they  are  carried  by  the  lymph- 
stream  (p.  368),  and  so  through  the  stomata  (?),  between  the  endothelial  cells  into 
the  central  lacteal  of  the  villus.  According  to  this  view,  the  absorption  of  fatty 
particles,  and  perhaps  also  the  absorption  of  true  proteids,  is  in  part  due  to  an 
active  vital  process,  as  indicated  by  the  observations  of  Brilcke  and  v.  Thanhoffer. 
This  view  is  supported  by  the  observation  of  Griinhagen,  that  the  absorption  of 
fatty  particles  in  the  frog  is  most  active  at  the  temperature  at  which  the  motor 
phenomena  of  protoplasm  are  most  lively.  That  it  is  due  to  simple  filtration 
alone  is  not  a  satisfactory  explanation,  for  the  amount  of  fatty  particles  in  the 
chyle  is  independent  of  the  amount  of  water  in  it.  If  absorption  were  chiefly 
due  to  filtration,  we  would  expect  that  there  would  most  probably  be  a  direct 
relation  between  the  amoimt  of  water  and  fat  (Ludang  and  Zawihky),  [The 
observations  of  Watney  have  led  him  to  suppose  that  the  fatty  particles  do  not 
pass  through  the  cell  protoplasm  to  reach  the  lacteal,  but  that  they  pass  through 
the  cement  substance  between  the  epithelial  cells  covering  a  villus.  If  this  view  be 
correct,  and  it  is  highly  doubtful  if  it  is,  the  absorbing  surface  is  thereby  greatly 
diminished.  Zu  wary  kin  and  Schafer  suggest  that  the  leucocytes,  which  have 
been  observed  between  the  columnar  cells  of  the  villi  of  the  small  intestine,  are 
carriers  of  at  least  part  of  the  fat  from  the  lumen  of  the  gut  to  the  lacteal ;  they 
also,  perhaps,  alter  it  for  further  use  in  the  economy.  [So  far  these  statements 
relative  to  the  leucocytes  have  not  been  universally  accepted ;  indeed,  they  are 
denied  by  the  most  recent  observers.] 

[One  of  the  most  remarkable  experiments  in  relation  to  the  absorption  of  fatty 
matter  is  that  of  I.  Munk,  and  confirmed  by  Walther,  viz.,  that  if  a  dog  be  fed  on 
flEktty  acids  instead  of  neutral  fats,  then  neutral  fats  appear  in  the  chyle  collected  from 
the  thoracic  duct.  Where  does  the  glycerin  come  from,  and  where  and  how  is  the 
synthesis  effected?  So  far  there  is  no  satisfactory  answer  to  these  q  estions,  but  it  is 
suggested  that  the  synthesis  takes  place  in  the  villi,  or  even  in  the  lumen  of  the  gut.] 

[A  most  remarkable  case  of  a  lymph  fistula  in  man  was  experimented  on  by  Munk.  A  lad 
suffering  from  elephantiasis  had  a  fistula  in  the  leg,  through  which  during  digestion  much 
chyle  was  discharged.  When  erucic  acid — an  acid  not  found  normally  in  the  body — was 
'  administered  to  the  lad,  the  chyle  discharged  from  the  fistula  did  not  contain  more  than  traces 
of  free  erucic  acid,  hut  on  the  contrary,  it  contained  a  large  quantity  of  the  corresponding 
neutral  fat  erucin.  The  erucic  acid  must  have  somewhere  obtained  glycerin  to  combine  with, 
to  form  the  neutral  fat.  This  confirms  Munk's  experiments  on  animals,  that  fatty  acids  do 
not  reach  the  blood  as  such,  but  that,  perhaps,  in  tne  very  act  of  absorption  in  the  intestinal 
mucous  membrane,  they  are  by  synthesis  converted  into  neutral  fats.  The  case  has  also  been 
used  to  prove  that  sugars  when  given  by  the  mouth,  are  all,  except  an  excessively  small  amount, 
absorbed  by  the  blood-stream,  and  do  not  reach  the  blood  through  the  lymph-  and  chyle-stream.] 

[Methods. — A.  Histological. — The  absorption  of  fat  has  usually  been  studied  by  feeding  an 
animal  on  fatty  food  and  examining  its  villi  either  in  a  fresh  condition,  or  more  usually  after 
they  have  been  submitted  to  the  action  of  osmic  acid,  which  blackens  fatty  matter.  In  this 
connection  it  is  important  to  remember  two  facts,  viz.,  that  turpentine  may  discharge  the 
black  colour  of  fat  acted  on  by  osmic  acid,  such  sections  in  histological  processes  being  often 
treated  with  turpentine  ;  and  secondly,  an  observation  of  Heidenhain  s  that  osmic  acid  blackens 
also  granules  in  some  of  the  leucocytes  of  the  villi  which  are  certainly  not  fatty,  for  they  are 
not  soluble  in  ether.] 

[B.  Experimental. — If  in  a  dog  a  cannula  be  introduced  into  the  thoracic  duct  where  it 
joins  the  subclavian  vein,  the  amount  of  chyle  that  flows  out  in  a  given  time  can  be  estimated. 
The  amount  flowing  out  is  not  greater  during  digestion  than  in  a  uistin^  animal.  In  a  fasting 
animal  the  fluid  is  transparent  and  like  lymph,  and  it  becomes  white  and  opaque  during 
digestion  from  the  presence  of  fatty  particles.  During  the  digestion  of  sugar  the  chyle  does 
not  contain  more  sugar — 0*1-0*2  per  cent. — than  is  present  in  the  lymph  or  serum  of  a  fnsting 
animal.  These  and  other  similar  experiments  make  it  clear  that  the  fats  alone  pass  via  the 
chyle-stream  to  reach  the  blood,  all  the  other  products  of  digestion  pass  directly  into  the 
rootlets  of  the  portal  vein.] 

The  activity  of  the  cells  of  the  intestine  with  pseudopodial  processes  may  be  studied  in  the 
intestinal  canal  of  Distomum  hepaticum.  Sommer  has  figured  these  pseudopodial  processes 
actively  engaged  in  the  absorption  of  jxarticles  from  the  intestine. 
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193.  INPLUENCE  OF  THE   HERYOUS    SYSTEM   ON  ABSOEPTION. — 

With  rej^aril  to  the  iiirttieiiee  of  tlit^  in/ivovis  systoni  upon  intestinal  aWn'|ition,  we 
know  \iivy  litth\  After  extir[nitiun  uf  the  senu-hniur  ^'aiiglion,  as  well  a«  aiti^r 
section  o(  tlie  nif>ientenc  nerveB  (Morfatt)^  the  intestinul  enutents  lH3<jomt»  more 
fluitl,  and  are  increased  in  amount  {§  183).  Thifs  may  he  partly  due  t<*  dimiiuj?heti 
absorption,  V,  Thaidit^tler  atatea  that  he  oh^erved  the  [jrotrusioii  of  thready  from 
the  epithelial  cclk  of  the  sinall  inte.stiiie  only  after  the  sphial  cortl,  or  the  doi-ssil 
iierveSi  had  been  divided  for  some  time. 

194.  "  NUTEIEHT  ENEMATA.'*— la  ewes  where  food  camiot  b*  taken  by  the  mouth,  €.g,, 
ia  stricture  of  the  a^sojihagufii  <:oiitiinied  vomitin^^  &e,,  food  is  givGjj  per  rectum.  An  the  diges- 
tive activity  of  the  large  intestine  ia  very  »lii;;ht,  Hind  food  ouglit  tu  be  given  iu  a  condition 
ri^ady  to  hu  absorber],  and  tliis  is  best  done  by  iDtiodaciag  it  into  the  rectum  through  a  tube 
Willi  a  funnel  attached,  and  dllowin;j  the  fooil  to  |»asa  tn  slowdy  by  its  own  weight.  The  i«Ueut 
imist  endeavour  to  retain  the  enema  as  long  as  possible*  Whrni  the  fluid  b  slowly  aad  gradu- 
ally iatroduceth  it  may  pass  above  the  ileo-cuecal  valve. 

Solutioatt  of  grd|je-^ugar,  and  jKcrhapN  a  aniall  amount  of  soap  solution,  are  uaerid  ;  itiid 
atnongst  nitrogenous  .«iiil>atanneii  the  conmiercial  Hesh->  brcnd-,  or  nnlk-peptonea  of  Sanders*Exii» 
and  Adttnikiowicz,  in  Germany,  and  Darby's  Haiti  meat,  and  Carnrick's  lieef-peptonoida  in  thi» 
country,  are  to  be  recommended.  Tbe  amount  of  jwjptone  required  is  111  grm.  jjer  kilo,  of 
body-weight  {CatiilfjH};  lessi  useful  are  butter-milk,  egg-albumin  with  comaioa  salt.  Leubo 
uaes  a  mixture  of  150  grms.  flesh,  Nvith  50  ginis.  pancrea.^,  100  fi^Ttm.  water,  which  he  slowly 
injects  into  the  rectinn,  v^bere  the  [uoteida  are  {leptoniiycd  and  absorbeil.  [Pcptonised  food 
prei3ared  after  the  metliod  of  Robert*  h  very  useful  {%  17*2).]  Tbe  method  of  nutrieot  eneniata 
only  iK'rmiU  imperfyet  ntitiition,  and  nt  most  only  ^  of  the  proteids  necesaary  for  niaiutainiDg 
the  motabolisni  of  the  body  i»  tibsoibed  {i\  Foil,  Baurr)^ 

195.  CHYLE-VESSELS  AMD  LYMPHATICS.— Lymphatics.— Within  the 
tissues  of  the  body  generally,  and  even  in  thos^e  ti-ssuea  ^vliieh^iit  not  eon  tain  bhxxl- 
vesseUj  t'.f/.,  the  cornea,  or  in  those  whieli  contain  few  Ijhuxh vessels,  there  oxist-s  a 
system  of  vessel  or  channels  which  contain  tbe  juiees  of  the  tissues,  and  within 
these  vessels  the  fluiil  always  mores  in  a  centripetal  direction.  These  canals  arido 
withirt  the  tissue^s  in  a  variety  of  ivays,  ami  unite  in  their  eourao  to  form  delicate 
am!  afterwards  tliicker  tubes,  which  nltimateiy  t'erniiiiate  in  two  large  trimks  which 
open  at  the  junction  of  tlie  jngidar  and  suhcbivian  veins  ;  tlnit  otx  the  left  side  is 
the  thoracic  duct,  anil  that  on  the  ri^dit,  the  right  lymphatic  trunk. 

[Tiirtnigh  tlie  tliin-walled  ViIoiHl-eapilhiries  there  transmles  into  the  spaces  of  the 
snrTOUnding  tissues  part  of  tbe  blootl-plasma.  Thi.s  fluid  is  tlie  lymph.  It  per- 
meates every  tissue  of  t!ie  body,  hathing  their  constituent  form-elements,  supplyijig 
the  latter  with  nut  rime  tit,  and  enabling  theiii  to  get  riil  of  the  waste  products  result- 
ing from  their  metidjolism.  Tbe  Innph  is  collected  and  returned  to  the  blootl 
in  special  tubes,  the  lymphatics.  W liatever  the  nuxle  of  origin  of  the  lymphatics 
(p.  376),  at  first  they  form  thin- walled  nneroscopie  lym[>luitie  vessels,  which 
eomniunieate  freely  with  each  other  in  a  plexiform  manner,  and  by  tlieircouHiienc** 
they  form  the  lymphatic  ve^els  {'1-1  mm.),  which  usually  run  along  with  the 
superficial  and  deep  hlood-vessels  (tig.  262).  The  larger  lymphatics  are  provided 
with  valves,  like  some  veins.  The  valves  open  towards  the  lieart,  and  on  the 
cardiac  side  of  tlie  valve  there  is  a  dilatation,  so  that  the  lymphatic  trunks,  esjiecially 
when  injected,  often  present  a  beaded  or  varicose  appeanincc.  The  walls  often  are 
so  thin  and  translucent  that  *im^  can  see  the  clear  lytu  ph  wdiich  they  contain.  A 
moderate-sized  lymphatic  trimk  has  three  coats  like  a  veiii,  only  the  coats  are 
thinner.  The  inner  oat,  *ir  timica  intima,  consists  i>f  a  layer  of  endothelial  cellsy 
often  with  a  sinu^jiis  outline,  resting  on  a  dehcate  network  composed  of  fine  elastic 
fibres.  Tlie  middle  toat,  «jr  tunica  media,  is  conifHised  of  smooth  muscular  fibres 
armnged  transversely  or  obliquely.  The  tunica  adventitia  consists  of  connective- 
tissue,  which  in  some  situations  contains  smooth  muscular  fibres.  The  hna  lym- 
phatic  capillaries  have  dilatatioiid  and  constrictions  on  them,  and  are  composed  of  a 
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single  layer  of  endotheliuiii,  tlm  edges  of  whicli 
are  usually  sinuous,  a  fact  beat  deinonstnUeii  by 
the  u^e  of  silver  nitrute  (Hg.  -63),] 

The  lymph  fidlils  ditt'erent  fiuietioiis  iu 
different  organs.  (1)  In  many  tistiue.%  tlie 
lymphatics  repi*e,'ieiit  the  nutrient  channels,  l>y 
which  the  llmii  tliat  transudea  through  tlie  ULJgh- 
Iiouriiig  vessels  is  distrihuted,  as  in  the  cornea 
and  in  many  coiinective-tLSjsues.  (2)  In  many 
tisiiues,  as  in  glands,  e.g.^  the  salivary  gUuuls  imd 
the  testis,  the  lyniph-spaces  are  the  ehit^f  reser- 
voirs for  fluid,  from  which  tlie  cells  tluring  the 
act  of  secretion  derive  tiie  duid  necessary  for 
that  process.  (3)  The  lymphatics  have  the 
general  function  of  collecting  the  fluid  which 
Batumtes  the  ti.-^aiies,  antl  carrying  it  hack  again 
to  the  bbod.  The  capillary  hlood  system  may 
l>e  regiirtled  as  an  irrigation  system^  which 
Hup|ilies  the  ti.^sues  with  nutrient  tlui*ls,  while 
the  lymphatic  sjrstem  may  l>e  regiiixlcd  as  a 
drainage  apparatus,  which  conducts  away  the 
fluids  that  have  tmnsuded  through  the  c^ipilbry 
walla.  Some  of  the  decomjiosition-prmUicts  of 
the  tissues,  proofs  of  their  retrogressive  meta- 
Ix^Hsm,  Ijecome  mixed  with  tlie  lymph-stream,  so 
that  the  lympliatica  are  at  the  same  time  absorb- 
lug  vessels.  SubsUmces  intro<lueed  ir^to  the 
pirencliynia  of  the  tissues  in  other  ways,  a//., 
hy  suhcutanetjiis  injection,  are  partly  absorlieti  by 
the  lynipliatics.  A  study  of  these  comlitions 
shows  that  the  l^^niphatic  system  re ji resents  an 
appendix  to  the  blood-vascular  system,  ami 
fmlher  that  there  can  be  no  lymph  ©ysU^ni  when 
the  blood-stream  is  completely  an-ested ;  it  acte 
only  as  a  ](art  of  tlie  whole,  and  with  tlie  whole* 

Lacteals. — When  we  speak  of  the  lymptiatics 
[) roper  as  against  the  chyle- vessels  or  lacteals, 
wo  do  so  from  anat^>mical  reasons,  lK?cause  the 
important  and  considenible  IjTiiphatic  ehannels 
coming  from  tlie  whole  of  the  intestinal  tract  are, 
in  a  certain  sense,  a  fairly  independent  province 
of  the  l^Tuphatic  vascular  area,  and  are  endowed 
with  a  ki{jfi  abmrptive  act  in  ft/,  which  from  ancient 
times  has  attracted  the  notice  of  observers.  The 
contents  of  tlie  chyle- vessels  or  lacteals  are  mixed 
witli  a  large  amount  of  fatty  granules,  giving  the 
chyle  a  lehife  a[>pcarance,  which  distinguishes 
them  at  once  from  the  true  lymphatics  with  their 
clear  watery  contents.  From  a  physiological  jjoint 
of  view,  however,  the  lacteals  must  be  classilied 
with  the  lymphatics,  for,  as  regards  their  struc- 
ture and  function,  they  are  true  lymphatics,  and 
their  contents  craisist  of  true  lymph  mixed  with 
a  large  amount  of  al>sorbed  substances,  chiefly 
fatty  granules*      [The  contents  of   the   lacteals 


Fig.  262. 

Anterior  view  of  the  lymphatics  of 
the  ana.  A,  boBihc,  B,  ct^phalicr 
and  C,  ftxillary  veinaj  1,  lymphatic 
plexas  of  the  jTalm  ;  2,  ex  tern  nl 
collateral  trunk  of  the  thumfi ;  3,  3, 
fluperficiftl  lympliatica  of  the  fore- 
ann,  and  [\  of  the  upp^r  ami ;  4, 
Bujjra-troehlear ;  6, axillary  ganglia; 
7,  lymphtttica  of  the  shoulder  ;  8, 
veiii  accoDipaayicg  the  cephalic 
vein  ;  9,  ganglia  of  tho  ueck. 
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ore  white  only  during  digestion,  at  otlier  tinieis, «,«.,  when  an  aminiil  has  fasted  for 
some  time,  they  are  clear  like  lymph,] 


ORIGIH  OF  THE  LYMPHATIC  S^Coimecti ve-tissue.- 

_  Spaces.  -^  Within    th 


[Sec.  195. 


(1)  Origin  in 
connective- 

tis  Bues      (v  I  ►!  1  iiec  ti  V  e-  tiss  ue      proper, 
l>r>iK')  are  miTiieroiis  stellate,  irregular, 
or  hriUK'hed  spaces,  whicTi  coniniuni- 
eate    with    each    other   by   numerous 
tuliular    proeesses    {fig.    264,    *f) ;    in 
thei^e  eoiumunicatin^'  spaces  or  lymph- 
spaces    lie    the   oelhdar   elements    of 
these  tissues.     These  sjiixcesj  however, 
are  not  completely  tilled  hy  the  cells, 
but  an  intervid  exists  between  tlie  b«_idy 
of  the  cell  and  the  wall  of  the  i^pace, 
whieh  is  greater  or  less  accoiiiing  to 
the    ciaidition    of    iiiovemeut   of     the 
[>rotoplasmic  eelL       Tliese   spaces  are 
the  soinilled  **  juice  Canals  '*  or  **Saft- 
canalcben,"  mid  they  repr<?8ent   the 
origin  uf  the  lymphatic  vessels  {v,  Rff*k- 
ihnj/taus^en).      As    thev    commumeate 
with  neighlMjuring  sijaces,  the  move- 
The  cells  which  lie  in  the  spacer  exliibit 
Some  of  tliese  cells  remain  permanently  each  in  its  ow*n 
space,   within  which,    however,    it 
may  change  its  form — tliese  are  the 
so-called  **  fixed  connective-tissue 
corpuscles,"  and  Inme  cor|iiiscleJS — 
whde  others  merely  wandt-r  or  pass 
into    these    spact?s,  and  are   called 
**  wandering  cellk,'*    or   **  leuco- 
cytes;" but  the  latter  are  merely 
lymph-corpuscles,      or      colourless 
blood-corpuscles  wdiich  have  passed 
out  of   the  blood  vessels  into  the 
origin  of  the  lymi>hatics  (fig.  266). 
Tliese  cells  exhibit  amoeboid  niove- 
ment*^.     These  spaces  eonnnimicate 
^\ith  the  small  tubuhir  lyni|>hutic» 
—the  so-called  lymph-capillaries 
(L).     The  spaces  lie  close  together, 
where    they   pass    into   a   lymph- 
capillary  (a).    The  lymph- capillary, 
which  is  usually  of  greater  diameter 
Fig.  264.  tlian  the  hloo<beapillary,  generally 

Oriffin  of  lymphatics  from  the  central  tendon  of  the  ^if-^  in  the  middle  of  the  space 
omphrsgfm  ttained  with  nitrate  of  silvi-r.  s,  tlie  witlmi  the  capdiary  arch  (B).  The 
Juice-ciinalfl,  commutiicatin^  ntj;  with  the  lyiaph-  fuwst  lymr>hatics  are  lined  by  a 
atic^ja  onAd^ofthelyTnphalicabyth..uii!lyeiice   j  ^^f  aehcate,  nucleated,  eiido- 

of  several  J  uietvc4iTial*J.  *i*^^ii        n     /         v        ui      i  * 

thelial  cells  («?,  ff)»  with  character- 
istic sinuous  margins,  whose  characters  are  easily  revealed  by  the  action  of  silver 
nitrate  (fig.  265,  L).     This  substance  blackens  tlie  cement-substance  which  holds 
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the  eridothelial  tells  togetlier.  Between  the  endothelial  cells  tire  small  holen,  or 
Btomata,  by  means  of  winch  the  lyiiipli-capillaries  communicnt©  (at  ar)  with  the 
juiee-€i\nalis. 

From  the  reseJirches  of  Arnold,  Thoma,  and  others  it  is  assumed  that  the  blood- 
vessels coinnumieate  with  the  juice-eannlHt,  and  that  fluid  passes  out  of  the  thin- 
walled  capillaries  tliroiigh  their  stomata  into  theso  spaces  (§  65).  TIuk  liuid 
nourishes  the  tis.sues,  the  tissues  take  up  the  t^ubstauces  ajjproi>riate  to  each^  while 
the  eflbte  materials  pass  hack  intt>  the  spaees,  and  from  these  reach  the  lynifihatics, 
which  ultimately  discliarge  them  into  the  venous  blood. 

Whether  the  cells  within  these  spaces  are  actively  concerned  in  the  jjouring 
out  of  the  blood -plasma,  or 
take  part  in  its  movement,  i? 
matter  of  conjecture.  We 
can  imagine  thtit  by  con t met- 
ing their  hrnhs  after  it  has 
been  nupregiiated  with  fluid, 
this  liuid  may  l>e  jiropelled 
from  space  to  space  Upwards 
the  lyiu[>hatics.  The  leuco- 
cytes wander  through  these 
spaces  unto  tbey  pass  into  the 
lymphatics.  Fine  particles 
which  are  contained  in  these 
spaces — e.fj.f  after  tattooing 
the  skin,  and  even  fatty  par- 
ticles after  inunction  — -  are 
absorbed  by  the  lencocyt^^s, 
and  carried  liy  them  to  other 
parts  of  the  bmiy.  [The  pig- 
ment particles  used  to  tattoo 
the  finger  are  usually  found 
within  the  first  lymphatic 
gland  at  the  elboM  ]. 

The  migration  of  cellular 
elements  from  the  blood- 
vessels into  the  origin  fif 
the  lymphatics  is  to  be  con- 
sidered as  a  nonnal  process 


'^^\ 


Fig.  265, 

Pleur&l  Hurfitco  of  the  cetitml  tendon  of  the  diaphragm  of 
the  rahbit  Hiained  with  silver  nitrate,  L,  lymphatic  with 
ita  sintaous  endolheliani  ;  c,  cells  of  the  conncctive^tissne 
brotight  into  view  by  th«  silver  nitrate. 


f/ranular  cfdouring-maiier  ]iasses  from  tlie  hlooil 
mUy  the  protoplasmic  Ijcnly  of  the  cells  within  the  lymph-spaces  ;  antl  only  when 
the  granular  pigtnent  is  in  large  amount  does  it  appetir  as  a  granular  injection  in 
the  branches  cd  the  juice-sftaces. 

[Coimective-tiSBue  is  widely  distrilarted  in  the  l>ody  entering  into  the  construc- 
tion of  most  organs,  and,  as  its  name  denotes,  it  connects  ami  binds  structures 
together.  It  assumes  many  f«trms,  l^eing  either  of  a  more  or  less  open  texture, 
'when  it  is  called  areolar  tissue,  or  its  fibres  may  be  so  arranged  as  to  form  dense 
membranes,  such  as  fasciae,  or  stout  coixls  and  hands,  like  ligaments.  It  performs 
certain  purely  mechanical  and  certain  pliysiologit-al  functions  in  the  economy.  It 
is  developed  from  the  cells  of  the  mesoblast,  and  consistis  of — 

1,  Cells  or  corpuscles. 

2,  An  intercellular  matrix. 

The  corpuseleB— of  which  there  are  several  varieties^are  in  the  adult  far 
less  numerous  than  tlie  matrix  or  inter-cellular  matter,  which  consists  of  fibres^ 
the  fibres  being  of  two  kinds— the  white  fibres  and  the  yellow  or  elastic  fibres. 
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Its  iiiecliiinical  functions  dopeiul  far  more  on  tlic  fil>rrs  tlmii  the  cells.  In  the 
form  which  occurs  under  the  skin,  and  surrounds  lyin]«]iatits  and  14o<xl- vessels  in 
thfir  course,  aiu!  is  spokejj  of  as  loose  connective-tissue  or  areolar  tissue,  the 
Jibres  are  arranged  in  hundle^  which  cr088  eacli  other  in  various  directions  and 
leave  larger  or  soialler  spaces,  or  areolflp,  between  them.  These  space.^  contain 
lymph,  and  from  them  the  lynipliaties  ari.se,  hence  tlie  name  "areolar."  The  tixed 
connective-tissue  corpuscles  lie  uii  the  bniidles  of  white  fibres  (fig.  266).  If  a 
|iiece  of  areolar  tismie  l>e  tease<l  out  and  examined  micrr>seopically,  it  is  seen 
to  consist  of  IjuiiOles  of  wavy  fibres,  and  these  Mbres  n^adily  j*|ilit  np  under  the 
action   of   reagents,   e.g.,  10   i>er   cent   common   salt    or  picric   aciil,  into   fine 


.■■■    -^c^^r^^lMK.^.-  '-...-^ 


Fly;.  2m. 

Subcutaneous  connective* tissue  of  a  sheep,  na^  lixed  couoective- tissue  cori^iiaflts  with  precedes  ; 
hb^  anastoniosing  processes  ;  ec,  broken* off  processes  ;  rf,  isolated  parts  of  the  cells  j  c,  lymph- 
cell  or  leucocyte.      :<  800. 

unbranched  excessively  narrow  fibrils  or  fibriHsB,  1  fi  or  lesa  in  diameter. 
The  fibrillar  are  held  together  by  a  glubu I  in-like,  «»r  ijer!iai>s  mucin-like,  cement,  and 
according  to  the  number  of  iibrillse  so  is  the  size  of  the  tibres.  The  ontline  of 
the  fibre  is  always  somewhat  indistinct,  but  they  refniet  the  light  l^retty  strongly 
and  appear  whitish  umler  the  microscope,  hence  their  name  of  white  fibres.  Tbeso 
fibres  when  boiled  yield  gelatin,  an<l  hence  they  have  been  called  gelatiniferoua 
fibres.  The  bundles  are  held  together  by  a  eement-subsULUce  wliich  is  blackened 
by  silver  nitrate,  and  on  the  fihres  He"  the  fixed  connective4iBSue  corpuBcIea 
(fig.  267)  embcilded  in  tlie  cement.  Tln.^se  nucleated  cells  may  he  fusiform,  Init  they 
are  more  frerpiently  irregular  in  ff^rm  t\m\  branched.  They  resemble  tlattened, 
wingeil,  or  stellate  plates.  As  they  are  soujetimes  in  relation  with  nu^re  than  one  fibre, 
they  may  prestnit  a  winged  ai>[)earance.  They  are  most  abxuidant  and  most 
readily  seen  in  young  tissue,  and  are  not  so  readily  seen  hi  a  prejiaration  from  an 
aibdt  animal,  partly  because  of  Uie  number  of  fibres,  and  pirtly  because  tlieir 
refractive  index  is  not  sttch  as  io  make  them  readily  \  isihlc.  If  they  be  staineil, 
however,  e.g,^  with  eosin  (fig.  266),  or  if  the  tissue  l>e  acted  on  by  a  dilate  acid — 
c.</.,  acetic  acid — the  w4iite  fibres  swell  up  and  liecome  clear  and  homogeneous,  so 
that  the  nuclei    of   tlie  connectiye-tissue  corpuscles   come  distinctly  into  view. 
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The  corpuscles  become  somewhat  shrunken  and  more  granular  under  the  action  of 
the  acid.  These  are  called  "  fixed  "  connective-tissue  corpuscles  because  they  do 
not  change  their  place,  nor  do  they  in  the  adult  exhibit  amoeboid  movement.  In 
the  spaces  of  areolar  tissue  there  are  always  found  some  cells  much  smaller  than 
the  foregoing,  spherical  in  form,  and  presenting  all  the  characters  of  leucocytes, 
which  indeed  they  are  (lig.  266,  e).  They  exhibit 
amoDboid  movements  and  have  wandered  out  of  the 
blood-vessels  or  lymphatics  .into  the  areolar  spaces. 
A  third  form  of  corpuscle  is  frequently  found,  more 
especially  along  the  course  of  the  smaller  blood- 
vessels in  certain  situations.  The  last  variety  of  cells 
always  contains  numerous  large  granules.  These 
cells  were  called  ^'plasma  cells'*  by  Waldeyer.l 

[In  the  connective-tissue  of  the  mesentery  of  the 
newt,  and  in  the  i)eri-oesophageal  membrane  around 
the  oesophagus  of  the  frog,  and  in  the  connective- 
tissue  membranes  of  vertebrates  generally,  Ranvier 
has  described  some  enormously  large  connective- 
tissue  corpuscles — nearly  1  mm.  in  size — which 
stain  deeply  with  methyl-violet.  He  has  called 
them  "  clasmatoCjTtes "  (icXao-fto,  aros,  fragment, 
KVT09,  cell),  because  they  tend  to  break  up  into  small 
particles  or  granules.  What  their  relation  is  to 
other  forms  of  connective-tissue  corpuscles  has  not 
been  determined.] 

[Glasmatocytes  occur  in  the  thin  connective* tissue  mem- 
branes of  vertebrata,  and  are  most  readily  found  in  the  peri- 
(esophageal  membrane  of  the  frog.  They  are  first  fixed  with 
osmic  acid  and  then  stained  with  methyl-violet,  5  B.  In 
the  triton  they  are  about  1  mm.  in  length,  and  are  therefore 
colossal  colls.  When  stained  they  arc  coloured  violet  with  a 
tinge  of  red,  the  nucleus  being  slightly  blue.  They  have 
numerous  processes,  simple  or  branched,  but  the  processes 
do  not  form  a  reticulum.  The  body  and  processes  have  a 
granular  ap|)earance  and  are  irregular  in  their  shape.  Parts  of  them  tend  to  separate  in  frag- 
ments, hence  the  name  of  the  cells.  This  is  the  i>eculiarity  of  these  cells,  that  their  processes 
tend  to  break  up  and  form  islands  of  granules  under  ceitain  conditions,  and  this  process  Ranvier 
calls  clasmacytods.  They  do  not  exhibit  amoeboid  movements,  although  they  are  developed 
by  the  evolution  of  leucocytes,  which  have  passed  out  of  the  vessels  into  the  connective-tissue. 
Ranvier  has  traced  the  stages  from  the  simple  leucocytes  up  to  these  complex  and  marvellous 
cells.  The  clasmatocyte  is  at  least  one  hundred  times  larger  than  the  leucoc3'te.  Certain  lenco- 
cytes,  after  reaching  the  meshes  of  the  connective-tissue,  appear  to  grow,  enlarge,  and  undergo  a 
imrticular  evolution  which  makes  them  clasmatocytes,  which  give  olf  i>art  of  their  substance  in 
fragments,  which  are  probably  used  in  the  economy  {lianvUr).] 

[It  is  difficult  to  say  what  is  the  relation— if  any — of  these  cells  to  the  plasma-cells  of 
Waldeyer,  t.c,  certain  granular  cells  situated  along  the  course  of  the  blood-vessels,  the  inter- 
stitial cells  of  the  testes,  and  the  cells  of  the  supra-renal  capsules  (p.  176).  Ehrlich,  by  staining 
the  plasma-cells  with  aniline  dyes,  showed  that  they  were  not  all  alike.  Only  some  of  them 
were  coloured  by  the  basic  aniline  dyes;  these  are  the  anilinophile  cells  or  "Mastzellen"  of 
Ehrlich.     They  are  derived  from  the  fixed  connective-tissue  corpuscles.] 

[There  are  also  yellow  or  elastic  fibres  present  in  areolar  tissue.  They  can  be 
seen  in  a  fresh  preparation  of  the  tissue,  but  are  best  seen  after  the  action  of 
acetic  acid,  which  makes  the  white  fibres  transparent,  but  does  not  affect  the  yellow 
fibres.  The  yellow  fibres  are  not  so  numerous  as  the  white ;  they  have  a  sharper 
outline,  and  faint  yellow  tinge;  they  branch  and  anastomose,  and  when  broken  tend 
to  curl  up  at  their  ends.  By  their  anastomoses  they  form  networks  which  render 
the  tissues  in  which  they  occur  more  or  less  elastic.  They  vary  in  size,  but  they 
cannot  be  split  up  further  into  fibres.     In  some  situations  the  elastic  fibres  become 


Fig.  267. 

Showing  relation  of  a  connective- 
tissue  corimscle  to  a  fibre,  lying 
on  and  clasping  the  latter.  A, 
nucleus  of  the  fixed  cell;    B, 

e-otoplasm  body ;  C,  processes ; 
,  white  fibre  on  whicli  the  cell 
rests  ;  E,  elastic  fibre,    x  1000. 
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greatly  ijicreas<Hl  l>otli  in  niimlier  and  size,  as  in  the  ligaiiieiitmn  niichfe,  whirb 
consists  alnimt  entirely  of  elastic  fibres — ^some  of  theni  as  broad  a^  a  red  l>Iood- 
corpuacle  (fig.  269).  There  is  every  ^adation  between  the  fine  networks  of 
elfliJtic  fibres  that  occur  in  the  meso-colon  and  skin  (fig.  268)  to  the  thick  fibres 
of  tlie  bganientiim  nncbEe,  up  to  fenestr^U^d  sheet*^  of  elastic  tissue  occurring  in  the 

aorta^  and  the  coiuidete  sheet  of 
elastic  membrane,  ff»rnmig  the  chief 
[uirt  of  the  elastic  lamina  of  the 
urt^^ries.  Tiie  elastic  fibr*?s  consist 
of  elaatin  (^  250).] 

(2)  Origiii  withm  villi— f.e.,  of 
the  chyle  vessel  or  lacteal — has 
been  deacriVied  i^  190). 

(3)  Origin  iii  perivascular  Bpaces 
(fig.  270).  —  The  smallest  bloo<I- 
vessels  of  Iwnc,  the  central  nervous 
system,  retina,  and  the  liver,  are 
coniplet^'ly  snrruunded  by  wide 
lym|»liatic  tnbes,  so  that  the  l»lood- 
vesHclw  are  completely  l>athed  b}^  a 

l«ig.  268.  Ivmpli-stream.     In   the  brain   tliese 

Network  of  yellow  or  fino  elostic  fibrea  from  the  iy,j,,,}jjj^i^,j^   ^^^    narllv  composed  nf 

omeQtum.    Som«  corpuscles  iire  .1.0  visibl..    x  350.  j^,^^^^^^       conneetive-tissne       tibm*, 

which  tmverse  the  lymph-space  and  Iw-conie  attached  Uy  the  wall  of  the  iiiclurled 
blooibvessel.  Fig,  270,  B,  repreaents  a  transverse  section  of  a  small  blood- vessel* 
B,  from  the  brain  ;  p  is  the  divitled    perivas^ndur  space.     This  space  is  called 

the  perivascular  space  of  His,  but  in  addition 
to  it  th*i  blood-vessels  of  the  limin  have  a  lymph- 
space  within  the  adventitia  of  the  blood-vessels 
( VinhfiU'-Rof rift's  a/tttre).  It  iw  partly  lined  by 
welbdctined  eiidothelinn),  Wliere  the  hlotxl- 
<sels  Trt^gin  to  increjxsc  considerably  in  diameter, 
!.  y  pass  throngh  the  wall  of  the  lymphatics,  and 
the  two  vessels  aft<*rwanls  Uike  so|jamte  coursoH. 
In  all  ciises,  where  there  is  a  perivas^vidar  space, 
the  passage  of  lymph-  and  hlood-corjAiscles  into 
the  lymphatics  is  giM-atly  facilitated.  In  the 
tortoise  the  large  lihwxl- vessels  are  often  siu*- 
rounded  with  perivttscular  lymph ntics.  Fig.  270,  A, 
gives  a  representidion  of  the  aoitji  of  the  tortoise 
surrovijided  by  a  perivascuhir  space  which  is  visible 
to  tlie  miaided  eye.  In  nuvmnials  the  jieri vascular 
spaces  are  microscopic. 

(4)  Origin  in  the  form  of  interstitial  slits 
within  organs,— Within  the  testis  the  lymph- 
aticf^  tK'gin  simply  in  the  ionn  of  iinmerous  slits, 
which  occiLU-  between  the  roils  and  twists  of  the 
seminal  tulndes.  They  tiike  the  form  of  elongated 
sjjaces  l>onnded  by  the  cnrveil  cylindrical  surfaces 
of  the  tubules.  The  surfaces,  however,  arc  coveretl  witli  cndotlielinm.  The 
lymphatics  of  the  testis  get  independent  walls  after  they  leave  the  parenchyma  of 
the  organ.  In  many  other  glands  the  gland-snbstance  is  einularly  surronnded  by  a 
lyinph-space.  The  bkxxl'Vessels  fiour  the  lymi»h  into  tlu^se  sjiaces,  and  from  them 
the  secreting  cells  obtain  the  materials  necessary  for  the  formation  of  their  secretion. 


Fig.  269. 

Thick  elastic  fibres  of  llie  liurtmn 
liganiviitani  luiehflp.     x  459, 
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(o)  Origin  by  meaiiB  of  free  stomata  on  tljr  walla  of  the  Inrger  serous  cavities, 
\v]ji(h  (fig.  271,  a)  coiiuiiuniciite  fiedy  with  tlic*  IvTiiiihsitics,  The  investigation 
of  thn  sermis  svirfnce.s  is  most  easily  {RTOiu^ili'^hed  on  the  Hoptuui  of  the  great 
abdominal  lyni|ih-Siir*  nf  the  frog.  Silver  nitrate  reveak  the  pre8i^nt!e  of  rekitively 
large  free  openings  in-  Stoma ta  lying  hrtween  the  entlothelinnh  Each  stoma  is 
houndeil  Tiy  several  germiimting  cells,  which  have  a  gnmnlar  a]>pearance,  and 
undergo  a  change  of  shape,  so  that  tin*  size  of  the  stoma  dejjonds  upon  the  degi^ei? 
of  contraetion  of  those  eell^  \  thns  tJie  stoma  may  1h?  open  (^i)j  half-open  (^),  or 
conipletely  closed  (r).  These  wtomata  are  the  origin  of  the  lynijihatics.  The  serous 
cavities  belong  therefore  to  the  lyniphatie  fjystem^  and  fluids  pla(;ed  in  the  serous 


Fii,'.  270. 

Perivaaculur  lymplmtics.     A,  aorta  of  tor- 
toise; B,  miery  from  the  hrain. 


Fig.  271. 

Stomata  in  the  gn^at  lym|ih-fiac  (frog), 
rt,  opea  ;  b^  half-closed  ;  <■,  clo««d. 


cavities  readily  jmss  into  the  lymphatics.  The  cavities  of  t!ie  peritoneum,  pleura, 
pericanlium,  tiniica  vaginalis  testis,  arachnoid  space  (?),  aqueons  chambers  of  the  eye^ 
and  the  h-d>yrinth  of  the  ear,  are  trno  hmpli-cavities,  and  the  flnid  they  contain  is 
to  l»e  regarded  as  lyTn]>li.  [Hotihiann  has  found  that  a  nerve-fihre  svirri>unds  the 
stomata  in  the  frog  and  senils  branches  between  the  gertninai  epitfichum.] 

(6)  Free  open  pores  have  been  observed  on  some  mucous  membranes,  which 
are  rcgaoled  tis  the  origin  of  lymphatics,  ejj.y  in  the  l>ronchi,  nasal  mucous  mem' 
braru%  traehea^  and  larynx. 

Structure  of  LymphaticB. — The  larger  lymphatius  resendile  in  structure  tlie 
veins  of  eorresponding  size.     The  valves  are  particularly  numerous  in  the  hTii- 

Eihatics,  so   that  a  distentled   lymphatic  resembles   a    chain   of   pearls  (p.  371). 
Lymphatics  have  dilations  here  and  there  in  their  course  (fig,  265),] 

197.  THE  IiYMPH^LANDS.— The  lympljatic  glands  belong  to  the  lymi.li 
api>aratus.  Tliey  are  incorrectly  termwl  glands,  as  they  are  merely  nuich-hrtniched 
lacunar  labyrinthine  spaces  composed  of  adepoid  tissue,  and  intercrdatetl  in  the 
course  of  the  lymphatic  vessels.     There  are  simple  and  compound  l>Tiipli-glan(ls. 

(1)  The  simple  lymph-glands,  or,  more  correctly,  lymph-follicies,  are  small 
rounded  bodies,  about  tlie  size  of  a  pindiead.  They  consist  of  a  mass  of  adenoitl 
tissue  (fig.  27^,  A),  i>.,  of  a  very  delicate  network  of  fine  reticular  fibres  with 
nuclei  at  their  points  of  intersection,  and  in  the  spaces  of  the  mesh  work  lie  the 
lymph  and  the  lymph-corp useless,  Near  the  surface  the  tissue  is  somewhat  denser, 
whert"  it  forms  a  cai>sule,  which  is  not  however  a  true  cajwsule,  as  it  is  permeated 
with  numerous  small  siiongc  like  spaces,  Small  iyniphatics  come  directly  intri 
contact  with  these  lymph-follicles,  and  often  cover  their  surface  in  tlie  form  of  a 
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close  network.  Tlie  surface  of  the  lymiih-foUiele^  is  not  uii frequently  plac^  in 
tJie  -wall  of  a  lymph-vessel,  so  that  it  is  directly  l)at!n'd  l>y  the  lyiuph -stream* 
Although  no  direct  ivaenl-like  opening  leads  from  the  follicle  into  the  lymphatic 
wtreain  in  relation  with  it,  a  cioiniiinniciition  nuist  exists  and  tliis  is  olitained  Ijy 
the  ntmierous  sj^aees  in  the  follicle  itself,  so  that  a  lym|»b-folhcle  is  a  true  l^^uphatic 
appimtna  whoHe  juices  and  lynii>h -corpuscles  can  ptx^  into  the  nearest  lymphatic. 
The  follicles  are  surrounded  hy  a  network  of  blood-vessels  which  sentU  loope  of 
ejiptUimes  inti:i  their  interior  (H<(.  272,  B).     [In  the  centre  uf  each  is  a  germ-centre 

where  mitosis  goes  un 
r.ipidly.]  We  may  a^ssiinie 
that  lymj»h-eorpusc.les  pass 
fn>m  these  cajallaries  into 
tlje  follicle, 

[Tlie  follicles  mine  l»y  ftggTtga- 

tiuii  of  jxiutid  ct'lls  or  leuconrytes 

in   the   mucosa  or    snb-muco^, 

where    tlioy    rapidly    i-eitrodiice 

theuiHelv^ea     by     mitosis.        The 

gradually   enl&rgiag  ma.«is   cora« 

pi'csses    the    smTouiiding   tissue 

which   fDnjis  A   kind  of   tuuicii 

|Tropria  fi>r  e/u'h  follicle  (p»  289)w 

-J.,     ^^  hi   the  intestine  the   eupolA   in 

*'*S'  -'2"  rovered  by  coiunuiar  epitlielium 

Twfl  lymph- folUcles.     A,  n  siiiall  follicle  liighly  magiiitaedi    with  a  few  goblet-cells.] 

!<1iowiHg  the  fldonoid  reticulum  ;  B,  a  follicle  leas  highly  .  •  i      i 

iiiafiiiilicnl,  showing  injected  blood -vessel  3.  in  connection  with  these 

follicles,  including  those  of 
the  hark  ^^f  the  tongue,  the  soht^^ry  glands  of  the  intestine,  and  the  adenoid 
tissue  in  the  brunchial  tract,  the  tonsils^  and  Peyer's  patches,  it  is  imjiortant  to 

remeinl>er  that  enonnous 
numbers  of  leucocytes  jjaas 
tint  eiintinuiiily  between  the 
epithelial  cells  covering  these 
foil  ides.  I  n  this  process  many 
rpitheliid  cells  are  dei^troyccL 
Thns  there  is  a  kind  of  physio- 
logical solution  of  (continuity 
id  the  surface,  tlirongh 
which,  under  certain  condi- 
tiuns,  microorganisms  or  other 
poisonous  Ijmlies  may  enter 
the  organii^m.  The  extnule*! 
leucocytes  undergo  disintegra* 
tion  snhsci|ntMitly. 

(2)  The  compound  lymph* 
glands-the  lymphatic  glands 
—  represent    a    collection     of 
Fig*  273.  lyniph-follicles,  whose  form  is 

Diftgrammatie  sectioti  of  it  lymiilmtic  glnnd.  a  J. ,  iitTerent,  somewhat  altered,  [They  are 
€,L^  ertereiit,  lymiihAtics  j  C,  e6rtical  sobstftiice  ;  Jl,  smidl  oval  or  k idney-shaj^ed 
reticular  cords  of  uitHlnllrt ;  ^.y.,  lymph-mmts  ;  c,  caji^ale,  hoilies  varying  much  in  aiiew 
with  tmbccul.^,  tr.  ^^^^,1  int.?rcalaWd  in  the  coni«e 

of  lymphatics,  l^snally  iki  one  side  there  is  a  kifnut  from  which  the  efferent  lymph- 
atic ifv^nes,]  Every  lymph-ghmd  is  covered  externally  with  a  connective-tLiwue 
capsule  (lig.  273,  r),  which  contains  numerous  non-striped  muscular  lihres,    Fipdd 
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its  inner  Hnrface  numerous  septa  and  trabecule  (tr,)  paas  into  the  interior,  so  that 
tlic  glmid-subst-ance  is  ilivided  intti  a  Lirge  number  of  compartments .  These  rom- 
imrtineuis  in  the  t'ortical  iK«rtir>n  of  tlie  gland  have  a  soniewliat  rounded  form,  and 
are  neiirly  filleil  with  aggregations  of  lyniph-corpusclos,  sometiniefl  called  secondary 
nodules — whirli  conatitnte  the  alveoli,  while  in  the  luediillary  portion  tliey  have 


Fig.  27  L 

Network  of  adenoid  tissue.     Tlie  leucocytes  have  b<?eii  iwncilled  out  of  tlie 
mesLes  {Siirting).      x  360. 

a  more  elongated  and  irregidar  forau  [In  many  of  the  nodules  there  is  a  lighter 
ceiiti'e^-germ-centre^ — where  mitosis  or  divicJion  of  the  leucocytes  goes  on  rapidly 
(%.  '27b).  On  milking  a  section  of  a  lymph-gland  we  can  readily  distinguish 
the  cortical  from  the  medullary  portiiitn  of  the  gland.]  Ail  the  eompartments  arc 
of  equal  dignity,  and  they  all  conimunieate  with  each  otlier  hy  means  of  openings, 
80  tliat  the  sepUi  Ijouud  a  rich  network  of  spaces 
^vitliin  the  gland,  which  communicate  on  all 
sides  with  each  other. 

The.'ie  sjMces  are  traveri^ed  by  the  f<illicular 
threads  (fig.  276,  /»  f).  These  represent  the 
contents  of  the  s|iaces,  but  are  smaller  than  the 
spaces  in  whicli  they  lie,  and  do  not  come  into 
cont^tct  aiiywliere  witli  the  walls  of  the  8j:>acc^. 
If  we  imagine  tlu^  spices  to  he  injected  with  a 
mass,  wdii(di  idtimately  shrinks  to  onediall  of  its 
original  volume,  we  obtain  a  conception  of  the 
relation  of  these  follicular  threads  to  tlie  spaces 
of  the  gland, 

[The  blood-vessels  of  the  gland  (b)  lie  within 
these  folhrular  threads.  They  are  surround  I'd 
liy  a  tolerably  thick  crust  of  adenoitl  tissue,  with 
very  tine  nicslies  (j\  x)  It  lied  with  lynii>h-cor- 
puacle.H,  and  with  itxS  surface  (o,  o)  covered  hy  the 
cells  of  the  adenoid  reticulum,  in  such  a  way  as 
to  leave  free  couununication  through  the  narrow 
meshes.  The  hlood-vesscls  may  enter  at  the 
hilum  or  at  points  on  the  surface  of  the  gland. 
The  large  branches  ruji  in  the  trabeeulaB  and  septa,  and  from  these  finer  branches 
travei'se  the  lym[)li-paths  and  split  up  into  a  capillary  plexus  in  the  masses  or 
strands  of  adenoid  tissue.  The  vein  jxisses  out  by  the  hilum.  Nerves,  mcihdlated 
and  non-medidlated,  enter  the  gland^  but  their  tenninations  are  unknown.  Perhaps 
they  go  to  the  bkiod-vessels  and  the  smooth  nuiscular  fibres  of  the  sept-u] 

[The  fine  network  of  adenoid  tissue  wliich  travei'scs  tlu^  lymph-paths,  and  in 


Fig.  2r5. 
Section  of  a  l^naph^knot,  or  g^rm  centre 
of  a  mesenteric  lyaiii^li -gland,  a, 
larffe,  b,  binall  leucocytes  ;  c,  niitoais; 
rf,  direct  division  of  nucleus  ;  e,  cells 
which,  besiiicH  a  nucleus,  contain 
lar^c  easily- a tiined  bodies  and  some 
yellow  graoidea.      x  400, 
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which  th<^  hfU*:fM:yUsH  lu;,  i:*jmis^  of  fine  Y/imdle?  of  fibrous  tisBoe  vith 
ihfilisa]  celU — at  th«r  norle^.     Thiii  f^retem  is  contmuoaB  with  the  fibvoos 
tlifc  caf^MiJ<r  and  M^pta  ^fi^t.  274).] 

[Hie  oellukr  eleoieoto,  lymph-cells,  or  leoooqrtes  are  nol  all  of  one  kind,  as 
can  }/ti  h]ifjwn  by  differential  staining,  such  as  Ehrlich-Bioiidi's  fluid,  which  is  a 
mixture  of  orange-O.,  methyl-green,  and  acid  fuchsin.  The  meet  abondant  leucocytes 
are  H)  ^;elL$  with  a  ver^'  small  amount  of  colouriess  protoplasm  soirooiidiiig  a  ^int 
violetr^ftaine'l  uucleuif.  (2)  A  second  form  has  a  large  nucleus  surrounded  with 
Ijright  rofce-c/>lounf<l  protopksnL  (3)  There  are  "  granular ''  cells  most  abundant  in 
the  meherjteric  glands.     (4)  A  fourth  form  shows  cells  undeigoing  degeneration. 


f 

Fig.  276. 
Part  of  a  lymj»Iiatic  gland.     A,  vas  aflferens ;  B,   B,  lymph-paths  ;  a,  a,  trabeculte  seen  on 
<?(1k«  ;  /,  /,  follicular  Htrand  from  the  medulla;  x,  x,  its  adenoid  reticulum;  b,  its  blood- 
vcnhoIh  ;  o,  o,  narrow-mcHhed  part  limiting  the  follicular  strands  from  the  lymph-path. 

(5)  l*hagfK'yt<!H  arc;  also  present,  but  they  are  usually  found  in  the  lymph-paths 
and  iiHMlullary  (!ordH  (Hof/er),] 

Lyinph-glaudH  not  only  form  leucocytes,  but  in  them  also  cells  break  down, 
and  the  prcMlucts  of  their  disintegration  are  taken  up  by  leucocytes  and  further 
changcul  by  thcnn. 

lJ(5tw(!en  the  surface  of  the  follicular  threads  and  the  inner  wall  of  all  the 
spaccH  of  th(?  gland,  lies  the  lymph-channel  or  lymph-path  (B,  B),  which  is 
travers(»d  by  a  reti(;uluni  of  adenoid  tissue,  containing  relatively  few  lymph- 
c()r])UH('leH.     It  iH  very  probabh*  that  these  lymph-paths  are  lined  by  endothelium. 

Tln»  vasa  afferentia  (fig.  273,  a. I.),  of  which  there  are  usually  several,  expand 
ujM)!!  the  Hurfaci?  of  the  gland,  iK»rforate  the  outer  capsule,  and  pour  their  contents 
into  th(>  lyni))h-pathH  of  the  gland  (C).  The  vasa  efferentia,  which  are  less 
numerous  than  the  afFerentia,  and  come  out  at  the  hilum,  form  large,  wide,  almoet 
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cavernous  dilatations,  and  they  anastomose  near  the  gland  (e./.).  Through  them 
the  lymph  passes  out  at  the  opposite  surface  of  the  gland.  The  lymph  percolates 
through  the  gland,  and  passes  along  the  lymph-paths,  which  represent  a  kind  of 
rete  mirabile  interposed  between  the  afferent  and  efferent  lymph-vessels. 

During  its  passage  through  this  complicated  branched  system  of  spaces,  the 
movement  of  the  lymph  through  the  gland  is  retarded,  and,  owing  to  the 
numerous  resistances  which  occur  in  its  path,  it  has  very  little  propulsive  energy. 
The  lymph-corpuscles  which  lie  in  the  meshes  of  the  adenoid  reticulum  are  washed 
out  of  the  gland  by  the  lymph-stream.  The  lymph-corpuscles  lying  within  the 
follicular  threads  pass  through  the  narrow  meshes  (0)  into  the  lymph-paths.  The 
formation  of  lymph-corpuscles  either  occurs  locally,  from  division  of  the  pre- 
existing cells,  or  new  leucocytes  wander  out  into  the  follicular  threads.  The 
movement  of  the  lymph  through  the  gland  is  favoured  by  the  muscular  action  of 
the  capsule.  When  the  capsule  contracts  energetically,  it  must  compress  the 
gland  like  a  sponge,  and  the  direction  in  which  the  fluid  moves  is  regulated  by 
the  position  and  arrangement  of  the  valves, 

[Formation  of  leucocytes  in  lymph-glands. — This  takes  place  chiefly  in  the 
cortical  alveoU.  In  the  centre  of  each  is  a  germ-centre,  in  the  form  of  a  spherical 
group  of  leucocytes,  which  stain  more  deeply  with  staining  reagents  than  the 
surrounding  leucocytes.  These  cells  divide  by  mitosis,  and  the  chromatin 
filaments  can  be  stained  with  saffranin  or  other  chromatin  dye  (fig.  275). 
Mitosis  takes  place  to  a  much  less  extent  in  the  medullary  cords  and  the  cells 
of  the  lymph-stream  itself.] 

Ohemistry  of  lymph-glands. — In  addition  to  the  coostituents  of  lymph  and  leucocytes 
(§  24),  the  following  chemical  substances  have  been  found  in  lymphatic  glands — leucin  and 
xauthin. 

198.  FBOFEBTIES  OF  LTMFH  AND  CHYLE.— Lymph  is  an  albuminous, 
colourless,  clear  alkaline  fluid,  containing  lymph-corpusdes,  which  are  identical 
with  the  colourless  blood-corpuscles  (§  9).  [Its  specific  gravity  is  101 2-1022. J 
In  some  places,  e..7.,  in  the  thoracic  duct,  a  few  coloured  blood-corpuscles  have 
been  found.  The  lymph-corpuscles  are  supplied  to  the  lymph  and  chyle  from  the 
lymphatic  glands  and  the  adenoid  tissue.  As  to  their  source  see  §  200,  2.  They 
also  pass  out  of  the  blood-vessels  and  wander  into  the  lymphatics.  As  red  blood- 
corpuscles  have  also  been  seen  to  pass  out  of  the  blood-vessels,  this  explains  the 
occasional  pi*esence  of  these  corpuscles  in  some  lymphatics ;  but  when  the  pressure 
within  the  veins  is  high,  near  the  central  orifice  of  the  thoracic  duct,  red  blood- 
corpuscles  may  pass  into  the  thoracic  duct  But  we  are  not  entitled  to  conclude 
from  their  pressure  that  lymph-cells  form  red  blood-corpuscles.  In  addition,  the 
chyle  contains  numerous  fatty  granules,  each  surrounded  with  an  albuminous 
envelope.  [Thus  the  chyle,  in  addition  to  the  constituents  of  the  lymph,  contains, 
especially  during  digestion,  a  very  large  amount  of  fat,  in  the  form  of  the  finely- 
emulsionised  fat  of  the  food,  which  gives  it  its  characteristic  white  or  milky 
appearance.  During  hunger,  the  fluid  in  the  lacteals  resembles  oi-dinary  lymph. 
The  fine  fat-granules  constitute  the  so-called  **  molecular  basis  "  of  the  chyle.] 

Composition  of  Lymph. — ^The  lymph  consists  of  lymph-plasma  with  lymph- 
corpuscles  suspended  in  it.  The  corpuscles  or  leucocytes  are  described  in  §  24. 
The  lymph-plasma  contains  the  three  so-called  fibrin-factors,  derived  very  probably 
from  the  breaking  up  of  lymph-corpuscles  (§  29).  When  lymph  is  withdrawn 
from  the  body,  these  substances  cause  it  to  coagulate.  Coagulation  occurs  slowly, 
owing  to  the  formation  of  a  soft,  jelly-like,  small  "  lymph-clot,"  which  contains 
most  of  the  lymph-corpuscles.  The  exuded  fluid  or  lymph-serum  contains  alkaH- 
cUbuminate  (precipitated  by  acids),  serum-albumin  (coagulated  by  heat),  and  para- 
globulin — the  latter  two  occurring  in  less  amount  but  in  the  same  proportion  as  in 
the  blood-serum  ;  37  per  cent,  of  the  coagiilable  proteids  is  paraglobuHn. 
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[After  rapid  iDJection  of  peptone  into  the  blood  the  lymph  does  not  clot  {Fano).  Peptone 
injection  profoundly  alters  the  endothelial  cells  of  the  blood-capillaries.] 

[The  same  organic  constituents  occur  in  lymph  as  in  blood-plasma,  although  in 
diflercnt  proportions,  but  COg  and  urea  are  more  abundant  in  lymph  than  blood. 
The  inorganic  constituents  are  approximately  the  same  in  amount  and  in  the  same 
proportions  in  the  two  fluids  : — 


Human  Bloot 

-plasma. 

Human  Lymph. 

Water, 

902-90 

986-84 

Solids,       . 

97-10 

13-66 

Fibiin, 

4  05 

1-07 

Other  protoids, 

78-84 

2-30 

Extractives,  . 

5-66 

1-61 

Inorganic  salts, 

78-55 

8-78.] 

(1)  Chyle  is  the  name  given  to  the  fluid  which  occurs  within  the  lacteals  of  the 
intestinal  tract  during  the  digestion  of  fatty  food.  It  can  only  be  obtained  in 
very  small  amount  before  it  is  mixed  with  lymph,  and  hence  the  difficulty  of 
investigating  it.  A  few  lymph-corpuBcles  occur  even  in  the  origin  of  lacteals 
within  the  villi,  but  their  number  increases  in  the  vessels  beyond  the  intestine, 
more  especially  after  the  chyle  has  passed  through  the  mesenteric  glands.  The 
amount  of  solids,  which  undergoes  a  great  increase  during  digestion^  on  the 
contrary,  diminishes  when  chyle  mixes  with  lymph.  After  a  diet  rich  in  fatty 
matters  the  chyle  contains  innumerable  fatty  granules  (2-4  ft  in  size).  [This  is 
the  so-called  "molecular  basis''  of  the  chyle.]  The  amount  oi  fibrin  factors 
increases  with  the  increase  of  lymph-corpuscles  as  they  are  formed  from  the  breaking 
up  of  the  lymph-corpuscles ;  a  diastatic  ferment  absorbed  from  the  intestine ; 
occasionally  mgar ;  after  much  starchy  food  lactates ;  peptone  in  the  leucocytes 
(§  192,  I.,  3),  and  traces  of  urea  and  leucin.  [The  chyle  contains  a  greater  per- 
centage of  solids,  as  compared  with  lymph,  while  the  fats  are  specially  abundant 
in  chyle.] 

The  Chyle  of  a  person  who  was  executed  contained  90*5  per  cent,  of  water. 

{Fibrin,    . 
Albumin, 
Fats,       . 
Extractives, 
Salts,      . 

Schmidt  found  the  following  inorganic  substances  in  1000  parts  of  chyle  of  a  horse : 


SoUdB, 9-5 


trace 
7-1 
0-9 
1-0 
0-5 


Sodic  ohloride, 

Soda,  . 
Potash, 


5-84 

1-17 
0-13 


Sulphiuic  acid, 
Phosphoric  acid, 
Calcic  phosphate. 


0-05 
0-05 
0-20 


Magnesic  phosphate, 
Iron, 


0-06 
trace. 


[The  following  table  shows  the  composition  of  chyle  in  some  animals  :— 


100  Parts  Chyle  contains 


Water, 
Solids, 


Fibrin, 
Proteids,     . 
Fat,  &c.,     . 
Extractivew, 
Salts, 


Man. 


90-5 
9-5 
01 
7-0 
10 

1-4 


Dog. 


91-2 
8-8 
0-1 
2-7 
4-9 
0-3 
0-8 


HoT9e. 


92-8 
7-2 
01 
4-0 
1-6 
0-8 
0-8 
(Monk).] 


[ExtravaeationB  of  Chyle  and  Chyloiu  Ascitee.  — After  ligature  of  the  thoracic  duct  in  dc^gs,  the 
receptacalum  chyli  bursts  and  the  chyle  is  discharged  into  the  peritoneal  carity.  Sometimes 
there  is  rupture  of  the  lacteal  paths  in  man,  when  the  chyle  passes  into  the  peritoneum,  causing 
chylous  dropsy.  ] 

(2)  The  lymph  obtained  from  the  beginning  of  the  lymphatic  system  also  con- 
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tains  very  few  Ijnnph-corpuscles  ;  it  is  clear,  transparent,  and  colourless,  and  closely 
resembles  the  fluids  of  serous  cavities.  That  the  lymph  coming  from  different 
tissues  varies  somewhat  is  highly  probable,  but  this  has  not  been  proved.  After 
lymph  has  passed  through  lymphatic  glands,  it  contains  more  corpuscles,  and  also 
more  solids,  especially  albumin  and  fat  Ritter  counted  8200  lymph-corpuscles  in 
1  cubic  centimetre  of  the  lymph  of  a  dog. 

Lymph  obtained  from  a  lympliatic  fistula  in  the  leg  of  a  man  has  an  alkaline 
reaction  and  a  saline  taste,  and  the  following  composition  : — 


Lymph 
(I/ensm  ^  Diihnhardt). 


Water, 
Solids, 

Fibriu, 

Albumin,  . 

Alkali-albuminate, 

Extractives,     ( 

Urea,  Leucin,  ( 

Salts, 

70vol.  %of  absorbed  CO-,  60%  could 
be  pumped  out,  and  20  /„  liberated 
by  the  addition  of  an  acid. 


98*63 
1-37 
0-11 
0-U 
0-09 

015 

0-88 


Ccrebro-Aplnal  Fluid 
(Uoppe-Sepler). 

and  ab- 
kind  of 
perty  of 
-Hoppe- 

Pericartllal  Fluid 
(r.  Oomp-Besann). 

98-74 
1-25 

o-ie 

The  cerebro-spinal  fluid 
dominal  lymnh  contain  a 
sugar  (?)  (witnout  the  pro 
rotating  iK)larised  lignt- 
Seyier). 

95-51 
4-48 
0-08 
2-46 

1-26 

[The  following  table  from  Munk  shows  the  comi)Osition  of  lymph  in  man  and  some  animals — 


100  parte  of  Lymph  contain 


Water,  . 

Solids,  . 

Fibrin, 
Proteids, 
Fats,  &c.. 
Extractives, 
Salts,    . 


Man. 

Horse. 

95-0 

95-8 

5  0 

4-2 

0-1 

0-1 

41 

2-9 

traces 

traces 

0-3 

0-1 

0-5 

1-1 

Ox. 


96-4 
3-6 
0  1 
2-8 

traces 
0-1 
0-6] 


100  parts  of  the 
Sodium  chloride, 
Soda, 
Potash, 


I  of  lymph  contained  the  following 'substances  : — 


74-48 

10-36 

3-26 


Lime, 


0-98 
0-27 
109 


Sulnhuric  acid, 
Cartwnic  acid, 
Iron  oxide. 


1-28 
8-21 
0-06 


Phosphoric  acid,  . 

Just  as  in  blood,  potash  and  phosphoric  acid  arc  most  abundant  in  the 
corpuscles ;  while  soda  (chiefly  sodium  chloride)  is  most  abundant  in  the  lymph- 
serum.  The  potash  and  phosphoric  acid  comj^unds  are  most  abundant  in  cerebro- 
spinal fluid,  according  to  C.  Schmidt.  The  amount  of  water  in  the  lymph  rises 
and  falls  with  that  of  the  blood. 

Oases  of  Lymph. — Dog's  lymph  contains  much  COj — more  than  40  vols,  per 
cent.,  of  which  17  per  cent,  can  be  pumped  out,  and  23  per  cent,  expelled  by 
acids,  while  there  are  only  traces  of  0  and  1*2  vols,  per  cent.  X  (Ludtcig^ 
Hammarsten).     See  also  p.  224. 

[The  oerebro-epinal  fluid  contains  a  substance  which  reduces  an  alkaline  solution  of  cupric- 
hydrate.  It  is  not  sugar  but  pyrocatechio.  The  ]K)tassic  are  in  excess  of  the  soda  salts,  while 
the  fluid  of  meningoceles  and  chronic  hydrocephalus  contains  proto-albumose,  some  serum- 
globulin,  no  serum-albumin,  but  the  last  is  ])resent  in  acute  hydrocephalus  fluid.  No  albumose 
18  found  in  pericardial  or  pleuritic  fluids  {Halliburton).  This  fluid  is  not  a  simple  exudation 
from  the  bloK)d.     It  presents  rather  the  characters  of  a  secretion.] 

[Serosity  or  Lymph  of  Serous  Cavities. — Ranvier  has  made  the  remarkable 
discovery  that  the  fluid  in  normal  serous  cavities,  e.g.,  the  peritoneum,  is  usually 
not  clear  like  water,  but  somewhat  turbid  or  even  opalescent.  This  fluid  always 
contains  red  blood-corpuscles  and  severtd  varieties  of  spherical  colourless  corpuscles 
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varying  in  structure  and  reautious  according  to  the  animftl  examined.  In  the 
fluid  from  the  ral>}»it's  peritoneal  cavity*  nearly  all  the  colourless  celJ-s  have  the 
mnie  structure,  ulthtni^h  their  iliameter  varies  from  6  U>  20  ^,  The  largest 
variety  often  eontiiiiis  mauy  ^'aeuoles.  Tlierc  are  oo  celJa  so  large  either  in  the 
lynipli  tsr  ItltHHl.  IMi^^t  <>f  tlie  eells!  exhiliit  amoBboid  movement*.  If  they  are 
lymjdiatit^  *'ells^  they  Imve  heeome  grijatly  alt^^reil  after  leaving  the  vessels  and 
imssing  into  the  iieritoneal  cavity.  In  the  rat  alsrj  there  are  eolourless  cella^ 
some  of  which  are  amoeboid  and  others  not.  The  lant  variety — non-amoeboid — ^18 
gmnuhir  and  very  large,  20-25  ^  in  diameter,  and  are  readily  coloured  by  fuclisin 
t)r  methyl-violet.  No  eorreai>ondiiig  cells  exist  in  the  rat  or  rabbit*  In  the 
pIeiircH|>erit4L»neal  cavity  of  reptiles  similar  large  granular  cells  are  found,  com- 
parable t'i>  tho??e  of  tlie  rat,  Init  no  large  granidar  cells  occur  in  the  frog.  Ranvier 
is  of  ttpinion  thot  there  is  a  ch>se  relationship  between  true  clasmatocytes  (p.  375) 
and  the  non-ama'b^  Jid  cells  uf  the  serosity  of  the  pi  euro-peritoneal  cavity.] 

1&9.  QUANTITY  OF  LYMPH  AlTD  CHYLE— Wlun  it  is  stated  that  the 
total  amount  of  thi^  lymph  tnul  chyle  passing  througli  the  large  vessels  in  twenty- 
four  hours  is  equal  U.i  the  amount  of  the  l»kjo<lj  it  must  lie  remenjbei'ed  lliat  this  is 
merely  a  eonjeeture.  Of  this  amount  one-half  may  be  lymph  and  the  tither  half 
chyle.  The  fonaation  of  lynijib  in  the  tissues  takes  place  eontinually^  and  without 
interruption.  Xearly  6  kilos,  of  lymph  were  eoliected  in  twenty-four  hours  from  a 
lymphatic  tistula  in  the  arm  of  a  woman,  l>y  (iuhler  and  Quevenne  ;  70  to  100 
grms,  were  collected  in  li  to  2  hours  from  the  large  lymph-triuik  in  the  neek  of  a 
young  horse.     The  fi>lli>wing  conditionB  affect  the  amount  of  chyle  and  lymidi: — 

(1)  The  aiaount  <jf  chyle  undergoes  very  consideral>le  mcreaee  during  digestion, 
more  esi>ecially  after  a  full  meal,  so  that  the  lac  teals  of  the  mescnteiy  and  intestine 
are  distended  with  wlute  or  milky  chyle.  During  hunger  thti  lymph- vessels  are 
collapt*ed,  so  that  it  is  difficult  hy  see  the  large  trunks. 

(2)  The  amount  of  lyiiii>h  increaseB  especially  with  the  activity  of  the  organ 
fiHim  wliieli  it  proceeds.  Active  tir  passive  muscular  movements  gicatly  increase 
its  amount.  Lesser  obttdned  in  this  way  300  culjic  centimetres  of  lymph  from  a 
fasting  di^g,  whereby  its  blood  became  so  inspissiited  as  to  ciiuse  death. 

(3)  AH  conditions  which  increase  the  pressure  ui>on  the  juices  of  the  tissues 
inerectM  the  amount  of  lymph,  and  vice  ver»d.     These  conilitious  are  :— 

{a)  An  Increftse  of  the  blood-preaaure,  not  oaly  iu  the  wliole  vascular  systenij  but  also  in  t&e 
yesselB  of  the  corrcwpoudinjr  ur^^an,  atigtneuts  the  ainoaat  of  lymph,  and  vice  wrsii  {Ludivig, 
Tomsa),  This,  however,  \&  doublful,  a^  has  been  nhowii  by  Pui^hutin  ftiid  H  mail  ugh  Atta.  [In 
iirder  to  iucreaae  the  uummt  of  lymph  ilependiug  ajxaj  jHfvsaare  witliia  the  veisaels,  what 
tiniat  happen  is  inoreaaed  preasiire  within  the  tiipilknesi  and  veins.] 

ib]  ligftture  or  obatructioii  of  the  tlTerput  ireini  greatly  incrww^s  the  amount  f»f  lymph  which 
flr^ws  from  the  I'orrespoiKling  (karts  {Mi4dti\  Emmuujhaus),  It  may  be  donbleti  in  amounts 
Tight  bandages  cause  a  Hwelling  *.if  the  ys^vU  an  the  j^riphcral  uide  of  the  l>au<iage»  ovrmg  to  a 
copious  etfusion  of  lymph  tiiti>  the  tis-«jue  (congestive  a^ema). 

{c}  An  int'icasixl  supply  of  arterial  blooct  ticts  in  the  same  way,  but  to  a  lew  tlegrve. 
Paralysis  of  the  vaso-motor  neivcs,  or  atimultttion  of  vaso  dilator  fibres,  by  inereajjing  the  anpply 
of  blood  inciPikws  the  ainoiiiit  of  lymph  ;  while  diminution  of  ttjc  l>h>od -supply,  owing  ta 
«tiniulfttion  of  vaso-motor  tibrcs  or  other  eiiuaes,  diminishes  tlie  amount.  Even  after  ]ig&tur« 
of  both  earotida,  as  the  bead  is  still  supplied  xvith  blood  by  tlie  vertebrals,  the  lymph -a  tr  earn  in 
the  large  cervical  lyFnl^hati(L•  does  not  cease. 

(4)  Wlien  the  total  amornit  of  the  blood  i»  increased,  by  the  iujectiou  of  Uood  or  Bemni 
iato  the  arteries,  ninch  fluid  jwiiises  into  the  ti&auea  and  increases  the  fonuation  of  lymplL 

(5)  The  formation  of  lymph  still  goes  on  for  a  short  time  after  death,  and  after  complete 
ceseatiou  of  the  action  of  the  heart,  but  only  to  a  alight  extetit.  If  fresh  blood  be  canned  to 
circulate  in  the  body  of  an  aninnd,  while  it  is  atill  warm,  more  lymph  flow  s  from  the  lym- 
phatics. It  appears  hj*  if  the  tissues  obtained  plasma  from  the  blood  for  a  time  after  tlie 
atopiuige  of  the  circulation.  This  ptu"ha|^  explains  the  circuni.stanee  that  some  ItaaueK,  €,f^ 
coiiiiuetive-tlaauea,  contain  more  fluid  Ed'ter  de^itb  than  during  life,  while  the  blood-veMola  hftTt 
given  out  a  coustderable  amount  of  their  plasma  after  death. 
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(6)  The  amount  of  lymph  is  increased  under  the  influence  of  curare,  and  so  is  the  amonnt 
of  solida  in  the  lymph  (Lesser).  A  large  amount  of  1  vmph  collects  in  the  lymph-sacs  [especially 
the  sub-lingual]  of  frogs  poisoned  with  curare,  which  is  partly  explained  by  the  fact  tnat  the 
lymph-hearts  are  paralysed  by  curare. 

(7)  The  amount  of  lymph  is  also  increased  in  inflamed  parts. 

[(8)  Injection  of  peptone  into  the  blood  causes  a  large  increase  in  the  rate  of  flow  of  lymph. 
In  the  thoracic  duct  it  may  be  increased  tenfold,  notwithstanding  the  fall  of  blood-pressure  one 
to  the  peptone  injected.     The  amount  of  solids  also  increase  (HeuUnhain).] 

200.  OBiaiN    OF    LTMPH.— (1)    Source   of  the    Lymph-Plasma.— The 

lymph-plasma  may  be  partly  regarded  as  fluid  which  has  been  pressed  through  the 
walls  of  the  blood-vessels  by  the  blood-pressure,  i.e.,  by  filtration  into  the  tissues. 
The  salts  which  pass  most  readily  through  membranes  go  through  nearly  in  the 
same  proportion  as  they  exist  in  blood-plasma — the  fibririrfactors  to  about  two- 
thirds,  and  albumin  to  about  one-half  of  that  in  the  blood  (p.  43).  As  in  the  case 
of  other  filtration-processes,  the  amount  of  lymph  must  increase  with  increasing 
pressure. 

Ludwig  and  Tomsa  found  that  when  they  passed  blood-serum  under  varying  pressures 
through  the  blood-vessels  of  an  excised  testis,  tJie  amount  of  transuded  fluid  which  flowed  from 
the  lymphatics  varied  with  the  pressure.  This  **  artificial-lyinph  '*  had  a  composition  similar 
to  that  of  the  natural  lymph.  Even  the  amount  of  albumin  increased  with  increasing  pressure. 
The  lymph-plasma  is  mixed  in  the  ditferent  tissues  with  the  decomposition  products,  the  results 
of  the  metabolism  of  the  tissues. 

[There  are  reasons  for  thinking  that  the  formation  of  lymph  is  not  entirely,  or 
chiefly  due  to  filtration,  i.e.,  it  is  not  merely  a  transudation  from  the  blood-vessels. 
By  some  it  is  regarded  as  a  secretory  product  of  the  cells  of  the  capillary  wall 
{Ueide7ihain),'\ 

[When  sugar,  egg-albumin,  peptone,  urea,  or  NaCl  are  injected  into  the  blood  they  pass  in  a 
concentrated  form  into  the  increased  lymph-stream.  If  peptone  be  injected  the  blood- pressure 
falls  enormously,  still  these  bodies  pass  into  the  lymph,  so  that  their  passage  cannot  be  due 
entirely  to  blood-pressure.  The  increase  of  the  lymph  under  (8)  led  Heidenhain  to  regard  the 
fonnation  of  lymph  not  as  a  transudation,  but  as  a  true  secretion  from  the  blood-vessels.  With 
the  increase  of  the  lymph-stream,  the  secretion  of  urine  also  increases.  One  may  regard  the 
lymph-system  as  a  reservoir  which  temporarily  takes  up  substances  from  the  blood  until  they 
can  be  excreted  by  the  imne  {Heidenhain).  Peptone  when  injected  slowly  into  the  blood  is 
excreted  in  the  urine,  but  if  the  renal  vessels  are  tied  it  passes  from  the  blood  into  the  lymph. 
If  it  be  rapidly  injected  it  is  chiefly  thrown  out  into  the  lymph,  and  after  a  time  it  passes  from 
the  lymph  in  the  tissues  of  the  body  into  the  thoracic  duct  and  then  enters  the  blood  again.] 

[If  peptone  be  injected  into  the  lymphatic  system  it  can  be  recovered  unchanged. 
Thus  the  lymphatic  glands  have  not  the  power  to  assimilate  peptone  and  convert 
it  into  serum-albumin,  as  has  been  suggested  by  some  observers  {Shore).'\ 

When  the  muscles  act,  not  only  is  the  lymph  poured  out  more  rapidly,  but 
more  Ijrmph  is  formed.  The  tendons  and  fasciae  of  the  muscles  of  the  skeleton, 
which  are  provided  with  numerous  small  stomata,  absorb  the  lymph  from  the 
muscles.  By  the  alternate  contraction  and  relaxation  of  these  fibrous  structures, 
they  act  like  suction-pumps,  whereby  the  lymphatics  are  alternately  filled  and 
emptied,  while  the  lymph  is  propelled  onwards.  Even  passive  movements  act  in 
the  same  way.  If  solutions  be  injected  under  the  fascia  lata,  they  may  be  propelled 
onwards  to  the  thoracic  duct  by  passive  movements  of  the  limb  {Ludwig^  Schweig- 
ger-Seidel). 

(2)  The  source  of  the  lymph-corpuscles  varies. — (1)  A  very  considerable 
number  of  lymph-corpuscles  are  derived  from  the  lymphatic  gk^ds  (p.  381); 
they  are  washed  out  of  these  glands  into  the  vas  efferens  by  the  lymph-stream  ; 
hence,  the  lymph  always  contains  more  corpuscles  after  it  has  passed  through  a 
lymph-gland.  Small  isolated  lymph-follicles  permit  corpuscles  to  pass  tlirough 
their  Umiting  layer  into  the  lymph-stream.  (2)  Those  organs  whose  basis  consists 
of  adenoid  tissue  and  in  whose  meshes  numerous  lymph-corpuscles  occur,  e.g.^  the 
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mucous  membrane  of  the  entire  intestinal  tract,  red  marrow  of  bone,  ^and  the 
spleen  (§  103).  Tlie  c^Us  reacli  the  origin  of  the  lympli'Strefun  by  theii"  otvn 
amoeboid  movenieots.  (3)  As  lyuijjh-eorpusdes  are  retniued  to  the  blood-stream, 
where  tliey  appear  as  coloiirlesa  blood-Ciirpnscle.*?,  so  they  again  jmss  ont  of  the 
blood-capillaries  into  the  tisanes,  partly  owing  to  their  amoelwid  movements,  tmd 
they  ar*"  partly  exp<jlied  hy  the  blood- pressure.  In  rare  eases  lym£>h>corpu8cle« 
wander  froni  lymi>hatic  spaces  back  again  into  the  l>lood-vessels. 

Fiue  particles  of  ciiiimhar  or  milk^^lobules  intrmluecd  into  ilw  lilood  84x^n  pass  into  the  IjTu- 
pbatk'«.  Tbo  extiusion  of  particles  is  greatur  during  veiiotis  cougestion  limn  when  the  citcuIa- 
tion  h  uiidi^itarbed,  Just  nn  with  diapedesis  (§  95)  i  iiilluiiimatury  atfecUoim  of  the  vaacuIaf 
wall  ako  favour  their  passage.     Th*-^  vcj^st'ls  of  th«  |K)rtal  syatLiii  mc  esiJccially  f^rvioiis, 

(4)  By  mitotic  divisioii  of  the  lyinph-corpuBcleB  (p.  381),  and  ako  bj 
proliferation  of  the  fixed  connective-tissue  corpnecles.  This  process  certainly 
oeeurs  during'  juflaniniatit>n  of  many  organs.  This  has  been  proved  for  the  excised 
cornea  ke]>t  in  a  moist  chamber ;  the  nuclei  of  the  cornea-corpuscles  alao 
proliferate. 

That  the  connective- tissue  corpuscles  proliferate  is  aho\vn  hy  the  enonnotu  production  of 
lyniphcorpusclea  in  acute  inikmmations  (with  the  formation  of  piii*),  e,g.^  in  exteimve 
erysi [>ela'*,  and  iiiflamnmtory  purulent  elTusions  into  serous  cavities,  where  the  nuiQlier  of 
corpusck^ii  ii*  too  gi*ettt  to  he  explained  by  the  wandering  of  blood -corpuscles  ont  of  the  blood- 
els. 
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Decay  of  Lymph-Corptiscles.— The  lymph-corpusoles  disappear  partly  where  the 
lymidiaties  arise,  and  also  in  tlie  lyni|dnitie  glands*  The  presence  of  the  fibrin- 
factors  ill  the  lympli^ — formed  as  they  are  from  the  hreiiking-npof  lymph-corpuscles 
— seems  to  indicate  this.  In  inflammation  of  connective-tissue,  in  addition  to  the 
formation  of  nuinerou.s  new  lymph-corpuscles,  a  considerable  number  seems  to  be 
diss«dved  ;  hence  the  lympli,  and  also  the  blood,  in  this  ctise  contains  more  fibrin. 
Lymph -corpuscles  are  also  dissolved  within  the  bloo<i-stream,  and  help  to  form  the 
fibrin-factors,  [or  ratlier  the  precmwjr  of  iihrin]. 

201.  MOVEMENT  OF  CHYLE  AND  LYMPH^-^The  ultimate  cause  of  the 

movement  of  the  chyle  and  lymi>h  depends  ui>on  the  difference  of  the  pressure  at 
the  origin  of  the  lymphatics,  and  the  pressure  where  the  thoracic  duct  opens  into 
the  venous  system. 

(1)  The  forces  which  are  active  at  the  origin  of  the  lymphatics  are  concerned 
in  moving  the  lymph,  but  these  must  vary  according  to  the  placo  of  origin — 
(a)  The  lactealfl  receive  the  first  imjmlse  towanls  the  movements  of  their  content* — 
the  chyle^from  the  contraction  of  the  muflCiUar  fibres  of  the  villi  (pp.  356,  363). 
When  tliese  contract  aud  shorten,  the  axial  lacteal  is  cf>mpressed,  and  its  contents 
are  forced  in  a  centri]K;tal  direction  towards  the  large  Ipnphatic  trunks,  WTien  the 
villi  relax,  the  numerous  valves  prevent  the  returu  of  tlie  chyle  into  the  villi, 
{h)  Within  those  lymjdialics  wliicli  t^ike  the  form  of  iicri vascular  sjiaces,  every  time 
the  contained  hlrxKl-rfKiffl  is  dilated  the  surrounditig  lymph  will  be  p^f^ssed  onwanls. 
(^)  In  case  of  the  pleural  lymphatics  ivith  open  mouths,  every  inspiratory  move^ 
mfillt  acts  Uke  a  auction-pump  upon  the  lymph,  and  the  same  is  the  case  with 
the  openinga  or  stomata  of  the  lymphatics  on  the  abdiunmalside  of  the  diaphroffm^ 
(d)  In  the  case  of  those  vessels  which  begin  liy  meana  of  tine  juice-canals,  the 
movement  of  the  lym]di  must  largely  dt'i^end  upon  the  tension  of  the  juices  of 
the  parenchyma,  am!  this  again  must  depend  u]»on  tlie  tension  or  pressttre  in  the 
htiiod-ajpiUaries^  so  that  the  blood -pressure  act**  like  a  Vi8  a  iayo  in  the  rootlets  of 
the  lymi)hatics. 

[In  some  organs  peculiar  pumping  ftrrangementa  are  brought  into  action.  Tho  abdotninal 
fiUiface  of  tlie  central  tendoa  of  thi'  diaphragm  ii*  providwl  with  atomAta,  or  open  coanuuDJca- 
tiomi  between  the  pmtoucal  lavity  and  the  lyuipliatics  in  the  sulistaDCe  of  the  tanloa.  Von 
R»cklingb&Q8en  found  that  milk  put  upon  the  peritoneal  surface  of  the  central  tendon  showtsl 
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littk  ecMies,  CAUsed  liy  tlie   milk-globules   pasHing   tbrougli   the   stoiiittta  aiiJ    eiitennff   the 

iytiipludics.     The  ceiitml  temloii  coiiHists  of  two  layers  of  fibrous  tissnu  amiTiged  in  difrereiit 

diiftctio'iis  (fig.  277^  b^  c).     Wheo  the  diaphriLgiu  moves  during  leapiratioiii,  thest^  layvra  &vk 

alturnatelv  pressed  together  and  iitdled  apart.     Thus  the  spaces  are  altt^niately  dilated  and 

contracted,  lymph  being  drown  iirto  the  lynipliatii^  through  the  stomata  ^ig.  277,  k).     The 

same  kind  of  puTiiping  mochaiiiHrn  exist'*  over  the  coBt&l  plenTa.      The  fascia  covering   the 

niasclea  is  ajmtlier  siitiilar  mechaiiinni.     The  faiscia  eonaists  of  two  layer?*  of  fibrous  tiKaut?,  witlj 

intervening  lyuiphattca  (fig.  278).     Wh^ij  a  muscle  contracts,  lymph  is  forced  out  from  Wtweeii 

the  layers  of  the  fascia,  while,  when  h  reUjccs,  tlje  lyn^ph  from  the  muscle,  carrj'ing  with  it  Bom<j 

of  the  waate  products  of 

muscular    action,    passes  * 

out   of  the   muwle  into 

the   faiicia,    between   the 

now  |iartially   sejjarated 

layers.! 

[Ludwig'sExperiment. 
—Tit!  a  rwipiiaikui  can- 
ruila  io  the  trachea  of  a 
fiend  mhhit ;  cut  across 
the  hody  of  thu  animal 
imraediattily  below  the 
diaphragm  t  remove  the 
viscera,  and  ligature  tht^ 


Fig.  *277. 

Sectkiu  of  central  t<)ndon  of  diajdirftgiu.    The  iiijected  lymidi -spaces, 

h  and  h,  are  black.     At/ the  walla  of  the  s|>ace  have  collaiwed. 


vessels  parsing  between  the  thorax  and  alidonien  \  tie  the  thorax  to  an  iron  ring^  aud  hang  it 
up  with  the  head  downwards  ;  pour  a  snlutioo  of  Berlin  Idiie  upon  the  perituueal  nurface  of  the 
diaphragm;  connect  the  respiration  canniula  either  with  a  pair  of  bellows  or  an  apfiaratus  for 
artificial  respiration,  and  iniitate  the  respiratory  movements.  After  a  few  minutes  the 
Iymphati«-S(  are  filled  with  a  blue  iTijwtion  showing  a  beautiful  plexus.] 

{2)  Within  the 
lymi>li  -  trunks 
tliemselvps,  the 
independent  con- 
traction of  their 
muscular  fibres 
partly  aids  tln^ 
lymph  stiTaiii. 
Heller  observed 
ill  th«  mesentery 
of  the  guinea- pig 
that  the  i>cri- 
staltic  movement 


Fig.  278, 
Injected  lymph-spaces  (black)  from  the  fascia  lata  of  the  dog. 


of  the  lymphatic  wall  pa^Hsed  in  a  i!cntrl|*et4il  direttion.  The  numerous  valves 
prevent  any  reflux.  The  contraction  of  the  surrounding  muflcles,  an<l  pressure 
upon  the  vessels  and  the  tissues,  aid  the  current  If  the  outfiuw  uf  blood  frinn  the 
veins  is  int-erfered  with,  lymph  flows  copiously  from  the  corrcspondiug  tissues. 
[If  a  cantntia  liu  tied  in  a  lymphatic  of  a  dog,  a  few  drops  of  lymph  flow  out  at 
long  intervals.  But  if  even  poHdve  movements  of  the  limb  he  mmle,  e.(j.^  siuiplj 
flexitig  and  exk^ndiug  the  lind>,  the  outflow  becomes  very  eonsiderahle  and  eon- 
tinuous.l 

(3)  The  lymph-glands,  whidi  occur  in  the  course  of  the  lymphatics,  offer  very 
considerable  rctJiistance  to  the  lymph-stream,  which  mtiHt  pfuss  through  tlie  lymph- 
paths,  whose  spjices  are  traversed  by  adenoid  tissue,  and  contain  a  few  lymph- 
corpuscle.ct.  But  this  is,  to  a  certain  extent,  compensated  for  by  the  nou-atripixl 
mnsch?  which  exists  in  the  capsule  and  tmbeculte  of  the  glands.  When  they  con- 
tract they  force  ou  the  lymphj  while  the  valves  prevent  its  reflux.  Enlarged 
lyni[ihatic  glands  have  been  seen  to  contmct  when  stiniula ted  electrically,  [Botkin 
has  stimulated  enlarged  lymphatic  glands  with  electricity  in  cases  of  Icukiemia,  and 
fonntl  that  they  contracted  soinewdiat] 

(4)  The  lymph-vessels  gnulually  join  to  form  larger  vessels,  and  finally  end  in 
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one  trunk,  Thii*:*  the  aectiomd  area  diminishes,  so  that  the  velocity  ui  thc^  cuiTtnit 
and  the  jiri'SAiirf'  are  int!i'eaaetL  Nevt^rtheless,  tho  velocity  m  uh\' ay;;^  HJiiall  ;  it 
varied  frujn  230  to  500  raillimelrefl  per  luinute  in  the  hirgi*  lyiiipliatic  in  the  neck 
of  a  horse,  a  fact  whieh  i  iiahk'8  im  to  rouelnde  that  the  nioveiiieiit  in;irit  he  very 
slow  ill  small  ves*iLd.s,  The  lateral  pressure  at  tlie  j*time  plate  was  10  Uy  20  nuu,, 
and  in  the  dog  5  to  10  luni.  of  a  we^ik  solution  of  SMxln,  although  it  wa8=s  12  mm. 
Hg  in  the  thoracic  duet  of  a  hoi*si*. 

(5)  The  respiratory  movements  exen^im?  a  coiisitierable  influence  ujwu  the 
hinph-iitrcam  in  the  tlaoraeie  (hut,  and  in  the  right  lymphatic  duet ;  every  irispini' 
tion  fiivouix  tlie  jKis^tige  of  the  venous  hlood,  ajid  nI«o  of  the  lyuifih  toward.s  the 
heart  ;  indeed,  the  pressure  in  the  thomeie  duet  may  even  hecouie  negative.  [The 
diastolic  itttv f  inn  (*/ tkf /mtrf^  ]iy  dunim^hmy^  the  pref^wure  iu  the  md>elavian  vein, 
also  favours  the  influu'  of  lympli  into  the  thonix.] 

(6)  Lymph-hearts  i-xUi  in  certJiiu  cold*hloodi'd  auinml».  The  fro^  hns  two  ftnllary  he&rta 
(above  the  iihoiiKkr  uear  tb«  vt.'rteln-al  colamii),  aud  twa  sacral  hearla,  nne  oti  each  »ide  of  the 
ciKcyx  near  the  anas  (fig.  279,  L).     They  heat,  but  iit>t  ayacUroiiously,  alK>iit  sixty  timers  jwr 

minute,  and  contttiii  10  cabie  miUimetres  of  lymph. 
They  have  ti'ansvei-sely  Btript'd  muscular  fibie?*  iu  tlieir 
walla,  nnd  are  al»o  pruvided  with  nen^c^tjantjlid.  The 
jMjaterior  jiair  pecnp  tlie  lymph  into  the  hmnch  of  the 
Tena  iliaca  communkasis,  ami  the  antprior  poir  iwto 
the  veua  saib-scapalaris.  Their  pidsatioii  dejieiidfi 
pnrtly,  but  not  exfluMvcIyj  upon  thtj  spiaal  cord,  for 
if  tiic  cord  h^  rajiidly  Jeatroyed,  they  may  ceaw  to 
pulsate,  i)iU  not  uufrt'quently  thry  continue  to  pulsate 
ftftei  renaoval  of  the  emd.  [If  the  covd,  however,  be 
destroyed  gradually^  tbey  eontiiiive  to  beat  {/Cnbrkci\.^ 
A  second  aource  of  tbdi*  pulsatile  iDovements  is  to  1«* 
sought  for  iti  Wahieyers  ganglia.  Stiiuulatiou  of  the 
Bkiu,  inteutjue,  lu-  blood  heart  iuilueuees  them  reflexly 
— partly  aeeel  era  till  j^  and  partly  retnrdkig  them,  [most 
fr-iccpicntly  arrestiiij?  them  in  diAstole,  mt  tbut  tliere 
fteema  to  be  an  inhibitory  merhanism  in  the  eord»  but 
it  ia  liGt  alTeettjd  by  ti tropin e  {Kabrhrl).]  If  tbvctxTy- 
geal  uerve,  which  <  ounectM  the  saei^l  he^iita  to  the  spiitjil 
cord»  he  divided,  tbawi  ctfwb*  do  not  occur,  Stn/cltttia  aceelejiites  their  moirements,  and  so 
does  beatiiigof  tlie  spinal  cold  ;  but  if  the  cord  bv  co<ded»  ibcy  are  retanleiL  A  lymph  heart 
arrestcil  by  bein^  expoHe<l,  or  after  the  actiau  of  niusr  ariu,  can  be  cause>d  to  beat  hy  tillitig  it 
under  pressure,  but  thin  is  not  the  case  whfit  the  arrfst  ia  caused  hy  de^itrnetion  of  its  nerves. 
Ajdtafhtr  paralyses  the  lymph  heart  and  thf?  hlood-heart  at  the  anme  time,,  while  cumrt 
immlysea  the  fornu'i  alone.  In  other  amphibinUH  there  are  two  lympbdifarta  ;  in  the  i>atrich 
and  cassowftiy  and  aomv  swimming  birds,  and  in  the  eiiibr}'o  chick  1  or  2.  They  uccar  iu  sonic 
Bshes,  e.ff.f  near  tike  caudal  vnu  of  the  eeh 

(7)  The  nervous  fiystein  has  a  diwct  eti'ect  uiK>n  the  lymph- stream,  on  accoimt 
of  its  t'onuBctirvn  with  the  uniselea  of  the  lymplmtics  aiHl  lymph-^laiuk,  and  with 
the  lytnjdi-hearts  wht-re  these  exist.  KUhne  ohserved  that  the  «-'orni'a  corpusd»?K 
cotitnicted  when  tin?  eorneul  nerves  wert-  stimuhit^nl,  [and  Ilrdlniaii  Ivdn  desmlyiid 
the  termination  of  nerves  in  conne€tive-ti4«.HUe  corpuscles,]  (ndtz  also  ob^frvi?d 
that  wlten  a  ililnte  S!<olutii>n  of  eoinmou  salt  wivs  inji»uti:*d  undei'  the  skin  of  a  frog, 
it  waa  rapidly  absorheih  hnt  if  the  t'eutral  nervous  system  had  l>een  destroyed,  it 
waa  not  ahsorhed. 

If  inflfLmmation  be  [irtKlutetl  in  tlic  liind  legs  of  a  dog,  an«l  if  the  «ciatie  nerve  he  divided  od 
one  side,  adenia  and  a  8inuiltAneou8  increase  of  the  lyiupb -stream  occur  on  that  side,  [A 
combination  of  congestion  and  iulbmtiiaUon  matly  increasea  the  lymph -atreaDi,  aod  this  is 
still  more  the  case  when  tl»e  nervca  are  dividea  at  the  same  time.] 

Ligature  the  k^  of  a  frog,  exw'pt  the  nerva*,  so  asj  to  arreist  the  circulation,  and  place  tlif 
leg  in  wnter  j  it  swells  up  very  rapidly,  hut  a  dead  Umh  th.»e.s  nut  swell  up.  So  that  aWrjjtioii 
in  iodei>endcut  of  the  rootinuance  of  the  circulation.  Swtiou  of  the  sciatic  nerve,  or  doatructioit 
of  the  epiual  cord  (hut  not  section  of  the  bi^in),  arrests  absorption, 
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fig.  279. 

Posterior  pair  of  lymph dieartii  (L)  of 
the  frog. 
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pass  from  the  blood-vessels  into  the  spaces  in  the  tissues,  or  those  injected 
subcutaneoiisly,  are  absorbed  chiefly  by  the  blood-vessels  but  also  by  the 
lymphatics.  Small  particles,  as  after  tattooing  with  cinnabar  or  China  ink,  may 
pass  from  the  tissue-spaces  into  the  lymphatics — and  so  do  ])looil-corpu8cles  from 
extravasations  of  blood,  and  fat-granules  from  the  marrow  of  a  broken  bone.  If 
all  the  lymphatics  of  a  part  are  ligatured,  absorption  takes  place  quite  as  rapidly 
as  before ;  hence,  absorbed  fluid  must  pass  through  the  thin  membranes  of  the 
blood-vessels.  The  corresponding  exi)eriment  of  ligaturing  all  the  blood-vessels, 
when  no  absorption  of  the  parenchymatous  juices  take  place,  does  not  prove  that 
the  lymphatics  are  not  concerned  in  absorption,  for,  after  ligaturing  the  blood- 
vessels of  a  part,  of  course  the  formation  of  lymph,  and  also  the  lymph-stream, 
must  cease.  When  fluids  are  injected  under  the  skin,  absorption  takes  place  very 
nipidly — more  rapidly  than  when  the  substance  is  given  by  the  mouth.  The 
subcutaneous  injection  of  drugs  is  extensively  used,  but  of  course  the  substances 
used  must  not  corro<le,  irritate,  or  coagulate  the  tissues. 

Some  substances  do  not  act  when  given  by  the  mouth,  as  snake  poison,  poisons  from  dead 
bodies,  or  putrid  things,  although  they  act  rapidly  when  introduced  subcutaneously.  If 
emulsiii  be  given  by  the  mouth,  and  amygdalin  be  injected  into  the  veins  of  an  animal, 
liydrocyanic  acid  is  not  formed,  as  the  emulsin  seems  to  he  destroye<l  in  the  alimentary  canal. 
If  the  emulsin,  however,  be  injected  into  the  blood,  and  the  amygdalin  be  given  by  the  mouth, 
the  animal  is  rapidly  iK)isoned,  owing  to  the  fonnation  of  hydrocyanic  acid,  as  the  amygdalin  is 
rapidly  absorbed  from  the  intestinal  canal.  The  amygdalin,  a  glucoside  (C30H27NO11),  is 
acted  upon  by  fresh  emulsin  like  a  ferment ;  it  takes  up  2(HoO)  and  yields  hydrocyanic  acid 
(CHN),  -I-  oil  of  bitter  almonds  (CyHeO),  -I-  su^ar  2(C«Hi,0e).  Serum  injected  subcu- 
taneously is  rapidly  absorbed ;  it  is  decom])08ed  within  the  blood-stream,  and  increases  the 
amount  of  urea.     Albuminous  solutions,  oil,  peptones,  and  sugars  are  also  absorbed. 

208.  (EDEMA,  DEOPSY,  AND  SEE0U8  EFFUSIONS.— [Dropsy.— As  aptly  illustrated 
by  Lauder  Brunton,  the  lymph-spaces  may  be  represented  by  cisterns,  each  of  which  is 
provided  with  supply  pipes — the  arteries  and  capillaries  ;  while  there  are  two  exit  pipes — the 
veins  and  lymphatics.  In  health,  the  balance  between  the  inflow  and  outflow  is  such  that  the 
spaces  are  merely  moistened  with  fluid.  When  a  cannula  is  placed  in  a  lymphatic  vessel  in  a 
dog,  only  a  few  dro))s  of  lymph  flow  out  at  long  intervals,  but  if  the  veins  of  the  limb  be 
ligatured,  the  lymph  flows  much  more  quickly.  This  is  in  j)art  due  to  the  increased  transuda- 
tion of  fluid  from  the  small  blood-vessels,  but  it  may  also  be  due  to  fluid  passing  away  by 
the  lymphatics  when  it  can  no  longer  be  carried  away  by  the  veins.  We  cannot  say  what  is 
the  relative  share  of  the  veins  and  the  lymphatics,  nor  in  the  above  experiment  do  we  know 
how  much  is  due  to  increased  transudation  or  diminished  absor[ition.  When  there  is  an  undue 
accumulation  of  fluid  more  or  less  like  serum  in  the  lymph- sf)aces,  we  have  the  condition 
termed  dropey.     When  there  is  general  drojwy  it  is  called  anasarca.] 

(Edema. — If  the  efferent  veins  and  lymphatics  of  an  organ  be  ligatured,  or  if  resistance  be 
offered  to  the  outflow  of  their  contents,  congestion  and  a  copious  transudation  of  lymph  into 
the  tissue  take  place.  These  are  most  marked  in  the  skin  and  subcutaneous  cellular  tissue. 
The  sofc  parts  swell  up,  without  \mn  or  redness,  and  a  doughy  swelling,  which  pits  on  pressure 
with  the  finger,  results.  These  are  the  signs  of  lymph-congestion,  which  is  called  oedema  when 
the  fluid  is  watery  and  localised. 

Under  similar  circumstances  lymph  is  effused  into  the  serous  cayities.  [In  the  peritoneum  it 
is  ascites— thorax,  hydro-thorax — pericardium,  hydro-pericardium— cranium,  hydrocephalus 
— tunica  vaginalis,  hydrocele— joints,  hydrarthrosis,  &c.]  If,  at  the  same  time,  a  lar^ 
numlter  of  colourless  blood-corpuscles  pass  out  of  the  blood-vessels  into  the  cavity,  the  fluid 
becomes  more  and  more  like  pus.  In  order  that  these  corpuscles  may  proliferate,  a  consider- 
able percentage  of  albumin  is  necessary.  When  the  pressure  within  the  serous  cavity  rises 
above  that  in  the  small  blood-vessels,  water  may  pass  into  the  blood.  These  sero-purulent 
effusions  not  unfreouently  undergo  changes,  and  yield  decomposition-products,  such  as  leuciu, 
tyrosin,  xanthin,  kreatin,  kreatinin  (?),  uric  acid  (?),  urea.  Endothelium  from  the  serous 
cavity,  sugar  in  pleuritic  efl*usions  and  in  cedemas  with  little  albumin,  cholesterin  fi-equcntly  in 
hydrocele  fluid,  and  succinic  acid  in  the  fluid  of  echinococci  have  all  been  found  in  these 
effusions.  The  effusion  of  lymph  may  arise  not  only  from  pressure  upon  the  lymphatics,  but 
also  from  inflammation  and  thrombosis  of  the  lymphatics  themselves,  in  which  cases  not  uiifre- 
quently  new  lymphatics  are  formed,  so  that  the  communication  is  re-established.  Sometimes 
the  ductus  thoracicus  bursts  and  lymph  is  poured  directly  into  the  abdomen  or  thorax.  [Liga- 
ture of  the  thoracic  duct  results  in  nipture  of  the  receptaculum  chyli  and  escape  of  chyle  and 
lymph  into  the  large  serous  cavities  (L'tidwig).] 
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^Vlien  flrojisy  oreffu.sion  of  fluids  occurs  iuto  seious  caviliea,  there  is  always  a  greater  t  ran  suda- 
tion  of  fluid  through  the  hlood- vessel  a.  The  nMoniiiial  blood -vesads,  atid  thoH«  whkh  yield 
a  watery  ttrnsioii  under  tjonnal  circninstancta,  are  thoae  most  lifthle  to  l>e  alTt'cted, 

Tranfiudation  is  fayonred  by— -(1)  Venoua  oongeatioii,  m  m  to  raine  the  blood-preonire,  hi 
which  case  thft  tffusioTi  usually  coutains  littlo  alhnmiii  and  ft-w  lyinpti-corpuscles,  while  the 
coloured  coriHiJicleB,  cm  the  contrary,  arc  tiiore  uuuieruui*  the  greater  the  venous  obstruction, 
l^anvicr  produced  cedoma  artificially  hy  ligatnnng  tbe  venaeavn  in  a  dog,  and  at  tlie  same  lime 
dividing  the  sciatic  nerve.  The  itaralytic  dilatation  of  the  blood-vessels  thereby  |irodiieed 
caused  an  increased  amount  of  blooa  to  pass  to  the  limb,  while  the  bluod-pressure  wan  raised,  antl 
both  factors  favoured  the  traoandati^n  of  fluid,  [Hanvier*s  eX|Miriment  proves  that  mere  liga- 
tur*5  of  the  venous  trunk  of  a  limb  btj  ifsrlf  h  not  snificient  to  cause  n?dema.  The  crdeina  is* 
due  to  the  eoncoDiitunt  i^nilytiis  of  tlie  vaso-motor  nerves.  If  the  motor  roots  of  tbf  sdatic 
ner^e  aloiie  Ixt  divided  along  with  ligature  of  the  vena  cava,  no  riNJema  occurs,  hut  if  the  vaao- 
iimtor  fdireji  are  divided  at  thesonie  time,  tlio  limb  rapidly  becomes  oMlematona.  There  issucli 
an  increased  transudation  through  the  Vfiscular  walls  that  tlie  veioa  and  lymphatics  cannot 
remove  it  with  sufficient  rapidity p  and  cedema  occurs.  If  tlurc  be  wcakueaa  of  the  v«so-motor 
nerves,  slight  Dhstniction  ls  aulhcicnt  to  produce  a'denin,]  When  the  leg- veins  are  occluded 
with  ail  injection  of  gypsum^  tidcnia  occurs.  (2)  Some  unknown  pbyaical  changes  occur  in  tbe 
protroplaem  of  the  endothelium  of  the  capillaries  and  blood-veaselsj  which  favour  tbe  trHiianda- 
tioii  of  albumin,  haMnoglobinj  and  even  blood -corpuscles.  This  occurs  when  abnormal  siibstancea 
acciimnlate  in  the  blood — c,^,^  dissolved  hfemoglobiu — and  when  the  blood  contains  little  0  or 
albumin.  The  same  has  been  observed  after  exposure  to  too  liigb  teini>arntnres,  and  the  swelling 
of  soft  i>arts  ill  the  neigh bourhooil  of  an  inflammatory  focus  seems  due  to  the  transudation  of 
fluid  througli  the  altered  vascnlar  wall.  It  is  proliable  thai  a  ner\'o«s  influence  may  atfect  fiar- 
ticiilar  areas  through  its  action  oti  the  blood-vessels  of  the  jMirt  (it  may  be  upon  the  pi'oto[d&»m 
of  the  blood-ciipillaries).  Tbe  transudations  of  this  nature  usually  coutiiiu  much  nibumin  and 
many  lymph -corjmscles.  (3)  When  the  blood  contains  a  very  large  amount  of  water,  tlie 
tendency  to  tninsudation  of  fluid  is  increased^  After  a  time  it  may  pi*odncc  the  cliangcs  indi- 
cated in  (2)j  and  when  long  continued  may  increase  the  perme^ibility  of  the  vascular  wall. 
Watery  lymphatic  effusions  from  watery  blood^ — ** cachectic  cedema**— occur  in  feeble  and 
bajlly-nonrisned  individuals,  [One  of  the  commonest  forms  of  diD|\Hy  is  the  slight  CBdema  of 
the  legs  in  ana^nic  persons,  in  whom  the  heart  and  lungs  are  healthy.  Many  fsctors  are  in- 
volved—the blood- pressure,  watery  condition  of  tbe  Idood,  i\w  condition  of  nutrition  of  the 
capillaries,  and  tsrobably  a  tendency  to  vaso-Tnotor  paresis  (Brunton).} 

[Tilt*  lluid  jMJure*!  out  varies  according  to  tbe  rapidity  with  which  this  occurs.  In  acute 
inflammations  etTusiou  or  eiudatlon  tJiktta  place  rapidly,  and  the  fluid  contains  tbe  precursor  of 
fibrin,  so  that  it  tends  to  coagnlate  spontaneously.  Thei^  is  every  j^radatiou  between  the  non- 
coftgnlftble  hydrocele  fluid  and  the  cofigulable  exudation  in  inflammation.  Thelluidsiu  dilferent 
dropatea  vary  in  composition,  and  some  have  more  cells  in  them,  depending  on  local  cniiscs,  as 
in  aonid  situations  absorption  is  more  active  than  in  others.  Tlie  pleural  fluid  contains  most  solids, 
then  ABcitic,  cerebro-spinal,  ami,  lastly,  that  in  the  subcutaneous  tisane.  Transudation  cor* 
rejiponds  to  the  process  of  filtration  throngh  animal  membranes;  i.e.,  the  transudation  contains 
only  those  i^nbstances  already  present  in  the  bh>od-]ihisma.  The  filtrate  may  even  contain 
more  salts  than  the  original  fluid,  as  ia  often  the  case  with  fluids  containing  crystallidd  and 
colloid  bodies.  Senator  finds,  in  cases  of  a*dema  of  tbe  leg,  tbnt  increase  of  tbe  venous  presj$ure 
increases  the  proteids  in  the  transudation,  hut  causes  no  essential  change  in  the  amount  of  the 
salts.] 

[(4)  Oatronmolf  found  tliat  stimulation  of  the  lingual  nerve  not  only  causes  the  blood- ve-^^ela 
of  the  tongue  to  dilate,  l>nt  that  the  eorre-spondinff  side  of  the  tongue  l>ecomes  redematous.  If 
a  Bolution  of  dilute  hydrochloric  acid  orquiiune  (§  145)  be  injeett'd  into  the  duct  of  the  sub- 
inaxillary  gland,  and  the  chonbi  tynqiaiii  stimnlateih  there  is  no  secretion  of  saliva,  but  tbe 
gland  becomes  redematous.  In  an  animal  poisoned  with  atiopin,  stimulation  of  the  choiila 
causes  dilatation  of  the  blood-vessels,  although  there  in  no  secretion  of  saliva,  nevertheless  the 
gland  does  not  become  cede  nin  tons  [Hckkahnin).  As  limn  ton  suggeats,  this  experiment  i>oints 
to  Botne  act  ion  of  atfopin  on  the  blood- vessels  which  has  hitherto  been  entirely  overlookea.] 

204,  qOMPAEATIVE  PHYSIOLOGY.— In  the  frog  large  lymph -saca,  lined  with  endothe- 
liuin,  exist  under  the  skin,  while  large  lym[»h-socs  lie  in  relation  with  the  vertebral  column — 
one  on  each  sidfl^ — set>arated  from  the  abdominal  cavity  by  a  tbin  membrane,  ix'rforated  with 
stomata.  This  is  tbe  cystema  lymphatica  magna  of  Panixza,  Some  amphibians  and  many 
reptiles  liave  under  the  skin  kree  lyniph-tipacei*,  which  occupy  the  whole  of  the  dorsal  region 
of  the  1>ody.  All  reptiles  and  tlie  tailed  amphibians  have  large  elongated  reservoirs  for  lymph 
along  the  course  of  the  aorta.  The  lymph -apparatua  of  the  tortoise  (fig.  llQ)  is  very  extensive. 
The  oeseoui  fiahea  have  in  tlie  lateral  ]>arts  of  their  backs  an  elongnted  lymph-trunk,  which 
reaches  from  tlie  tail  to  the  anterior  fins,  and  is  connected  with  tbe  diluted  lymphatic  rootlets 
in  tbe  base  of  tbo  tail  and  in  the  fins.  The  largest  internal  lym[di-sinns  is  in  the  region  of  the 
cesophaguA,     Many  birdi  jkossess  a  fiiniuidiko  dilatation  or  lymph-sjioce  in  the  region  of  the 
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tail.  The  lymph-spaces  communicate  with  the  venous  system — with  valves  properly  arranged 
— usually  in  connection  with  the  upper  vena  cava.  Lymph-hearts  have  already  been  referred 
to  (§  201,  6).  In  camivora  the  lymph-elands  of  the  mesentery  are  united  into  one  large  com- 
pact mass,  the  so-called  "pancreas  Asellii." 

205.  HI8T0BICAL. — Although  the  Hippocratic  School  was  acquainted  with  the  lymph- 
glands  from  their  becoming  swollen  from  time  to  time,  and  although  Herophilus  and 
Erasistratus  had  seen  the  mesenteric  glands,  yet  Aselli  (1662)  was  the  first  who  accurately 
described  the  lacteals  of  the  mesentery  with  their  valves.  Pecquet  (1648)  discovered  the 
receptaculum  chyli ;  Rudbeck  and  Thom.  Bartholin  us  the  lymphatic  vessels  (1650-52) ; 
Eustachius  (1563)  was  acquainted  with  the  thoracic  duct,  which  Gassendus  (1654)  maintained 
that  he  was  the  first  to  see  ;  Lister  noticed  that  the  chyle  became  blue  when  indigo  was  injected 
into  the  intestine  (1671) ;  Sommering  observed  the  separation  of  fibrin  when  lymph  coagulated  ; 
Reuss  and  Emmert  discovered  the  lymph-corpuscles.  The  chemical  investigations  date  from 
the  first  Quarter  of  this  century  ;  they  were  carried  out  by  Lassaigne,  Tiedemann,  Gmelin,  and 
others.  The  two  last-named  observers  noticed  that  the  white  colour  of  chyle  was  due  to  the 
presence  of  fatty  granules. 


Physiology  of  Animal  Heat. 


206.  SOUECES  OF  HEAT.— The  heat  of  the  hody  is  an  imiiit^rruptcd  evolution 
<if  kinetic  energy,  wlvich  we  iiinst  represent  to  onrselves  as  tlue  to  vibrations  of 
Uie  corporeitl  atoms.  The  ultimate  ftounce  of  the  heat  is  ctrnttiined  in  the 
potential  energy  taken  into  tJie  iKnly  with  the  foe<l,  ami  with  the  (J  of  the  air 
ahsorljod  during  respiration.  The  &moimt  of  heat  formed  depends  upon  the 
amount  of  energy  hberated 

The  energy  of  the  food-stufla  may  be  called  ** latent  heat/*  if  we  assuuie  that 

wliLu  tliey  are  iisetl  up  in  the  !i<xly, 
chit'liy  by  a  process  of  ej^nibu^ition, 
kijietie  eiierg}^  is  liherateil  uuly  in 
the  form  of  heat.  iVs  a  matter  of 
fact,  however,  UR^clianical  energy 
and  electnxial  energy  are  developed 
from  the  potential  energy.  In 
order  to  ohUiin  a  unit-me^«ure  for 
the  eiierg)'  liherated,  it  is  advisable 
to  express  all  the  iM>lential  energj' 
m  heat-nnitB, 

Calomneter.— Thi.s  int^tmnient 
enables  us  t<^>  transform  the 
]M.>tential  enei^^  of  the  fond  int<:* 
lieat,  and,  at  the  same  time,  to 
meiUHure  the  number  of  heat- units 
prodnce<l. 

Fjivre  fttid  SilberrDAtiii  Msetl  a  water- 
calorimeter  (fig,  280).  I'he  suli!^tmu?c 
to  be  huriiLHi  in  pi  need  iii  ai  liirife  eylin- 
(irical  comlni8tioii-clmmb**r  (K),  mis* 
jwikIchI  ill  n  large  cyliiiclrical  vea**! 
(L)  iilltMl  with  Wfltei-  (ir),  so  that  the 
combiistion-ehatnber  is  conipletely  aar- 
roimded  hy  the  wat^r.  Thr<?e  tul>cj* 
<>|>Mi  into  the  iipjter  part  of  the  clmmber; 
ODii  of  them  (0)  aiipjibes  the  nir  which 
t»  necessary  f«r  uoinbuation,  it  readieis 
almost  to  \\w  bottom  of  tlie  chamber  ; 
tlic!  second  (a)  is  fixed  in  tlie  middle  of 
the  lid,  ainl  is  closed  above  with  a  thick 
glasii  plat-p,  and  on  this  is  placed,  at  an 
HRgk%  a  small  mirror  (s),  which  enabTc« 
an  observer  to  look  into  the  chamber,  and  ohserve  the  process  of  comlnistiori  at  c.  The  thirrl 
tabe  {d)  in  used  only  wlien  conibnstibk  guseu  ftre  to  he  binned  in  the  chamber.  It  can  In* 
cloeed  by  mean  a  of  a  stop-em»k.     A  lead  tnbe  {e^  r),  with  many  twisU,  pauses  from  the  upjH^r 


Fig.  280. 
Water -calorimeter  of  Favrc  and  Silbeiiimun. 


r 
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pint  of  tliti  ijliamber  through  tlit'  water,  aini  finally  o|m31ir  at  <).  The  gOvSeous  products  ofoom- 
bibition  p«ss  out  th roll <;h  tins  tube^  and  in  tiairif^  so  lii^tp  to  biiat  the  water.  The  cybivdricul 
vessel  with  the  wat«r  \n  cloaetl  with  o  lid  whieb  traiisinits  the  four  tulMPis,  The  water-cj'liiidcv 
stand*  on  four  feet  within  ii  large  cylindiT  (M),  whieh  is  filled  witli  som'?  ^ood  imti -conductor 
of  heat,  Jiiid  this  a^^aiii  is  placed  in  a  largo  vessel  (illed  with  water  (W).  Tins  h  to  prevent  any 
heat  rciiching  the  irjiier  cylinder  from  withont*  A  weighed  quantity  of  the  »ubstanoe  (c)  to  W 
invejitigateil  is  placed  in  the  comhnation-ehainl>er.  When  eondiuatton  is  endfd,  during  which 
the  inner  water  most  be  rej Heatedly  stirred,  the  teniporature  of  the  water  in  as<;ertained  by  meana 
of  a  delicate  thermometer.  If  the  increaRC  of  the  temperature  and  the  amount  of  water  are 
known  J  then  it  is  ea^y  to  ralenlate  the  nui)d>er  of  heat-Uiutfi  ]jroduced  by  the  combiifition  of  a 
known  weight  of  the  siibHtain.^e  (see  Introduclwn). 

Tlie  ioe-calorimeter  may  also  he  used.  The  inner  cylinder  la  filled  with  ke  and  not  with 
water,  ancl  iee  h  aXao  placed  in  tbft  outer  cylinder  to  prevent  any  heat  from  without  from  acting 
U|>on  the  inner  ife.  The  heat  given 
olf  from  the  ounihn!*tion-chflmher 
eauaes  a  et^rtain  atiiount  of  the  iee  to 
ineltj  and  tlie  water  thereby  produced 
is  t'ollectwi  and  meatmred*  It  re- 
ij^iiireK  7S^  hejit-uuits  to  melt  1  grnn  of 
iee  to  1  grm.  of  water  at  0"  C, 

[The  amount  of  heat  produced  by  a 
liying  ojiimal  is  jsiinilarly  ni^^aHurefl. 
The  aiiinml  (fig.  281),  in  a  cage,  is 
jklaeeil  in  a  large  vessel ^  which  is 
placefl  within  iinother  vessel,  and  tlie 
intei'Siiaee  filled  with  water.  The 
whole  should  be  enclosed  in  a  large  box 
I  lacked  with  fiu\  lihavings,  fwitberHj 
or  nlhtr  Ijad  conductor  of  heat.  A 
til  lie,  D,  opens  into  the  inner  spatve, 
and  from  it  there  is  an  exit-tube,  D\ 
which  winds  many  times  in  the  water^ 
^acc  benejitlh  Air  paKse.s  in  through 
D  and  out  by  D'.  Tb*?  teniperature 
of  the  water  is  ascertained  by  tber- 
mometertt  T  and  T^  while  the  water 
is  niovwl  by  astiiTcr  (S)  placed  between  the  two.  Id  Eosenthara  calorimeter,  one  cylinder^  snr- 
munded  by  an  air-jncket,  is  [daeed  inside  another,  and  the  animal  is  jdaeed  in  the  inner  cylinder.] 

Just  m  in  tt  culorimoter,  altbougli  mw/t  more  shwif/,  i\w  foo<l.stiill>i  within  our 
body  aiv  burned  up,  oxygt'o  lM*ing  supplied,  und  tluis  potential  energy^  is  trjutH- 
formed  into  kinetic  ent?rg}",  wliieh,  in  the  ea.se  of  a  jiej-son  at  r€4tf  uhno.-^t  eoniplet<4y 
appears  in  the  form  of  heiit. 

Heai-tJnitft, — Favre,  Sill>ermanu,  Frankliind^  Rechenberg,  B.  Danilewsky,  and  ottiers  have 
nnifle  calurinietric  e.xpennient»  on  the  heat  produced  by  food.  According  to  Danikwsky,  1 
gram  of  the  following  drj*  anbstances  yields  bcat-nnits  : — 


WaterrabniiiU'ter  of  Duloug. 


OaKeiu, . 

.     5865 

ralmitin,  . 

S883 

Cow's  milk,    5733 

Maiee,  . 

5183 

Fibrin,  . 

.     5772 

Oleiu, 

8958 

Woman's 

Alcohol, 

6980 

Peptone, 

,     4376 

Stearin.     . 

0036 

milk,      .     4837 

Ur<^a,     . 

2537 

ti  111  tin, 

.     54^3 

Ox-fat,      , 

»686 

Egg-yelk,  ,     4479 

Muside             ^ 

1 

Ox-Mood, 

,     6900 

Glycerin^   , 

4179 

Potatoes,    .     4234 

Extractives 

luoo 

Ox  tk'Hll, 

.     5724 

Starch, 

4479 

Rvii.bre«d,      4471 

(Liebig'ti)     , 

I 

Vegetable 
fibrin, 

Dexti'o*w,   . 

3939 

Wheat-bread,  4351 

Flesh  extract, 

3216 

.     6231 

Maltos<;,     . 

4163 

Rice, .         ,     4S06 

Aeetic  acid,   . 

3318 

GliUin,. 

.     6141 

Milk-Kugirr, 

4IG2 

Peas,.         ,     48i*9 

Butyric  acid, 

5647 

Le^utiiin, 

.     5573 

Cane-iiugar, 

4173 

Buck-wheat,  4288 

Palmitic  acid, 

9316 

Ah  albondn  i^  only  oxidised  to  the  stage  of  nrea,  we  must  deduct  the  beiitunit*  obtajjiable 
from  nrea  from  those  of  albnmin,  and  as  1  jiart  of  allnnnin  y  if  his  in  roniid  nnndiers  about  j  of 
nrea,  we  obtain  about  5100  t-aloriea  (  —  2170  kilogram-metres)  for  1  gnu.  of  albumin. 

laodynainic  foodii,  i>.,  those  tliat  produce  an  equal  amount  of  heat  j  100  grma.  animal 
albundn  (after  deducting  the  beat-uuit**  of  urea) -52  fat=lH  starch  =  129  ilextrose;  100 
grms,  fat  are  isodynamic  with  243  dry  llesh  or  225  of  dry  syirtonin  {Jiuhmr) ;  lOOgrms,  of 
vegetable  albondn  =  55  fat- 121  starch  =  137  dextrose  {/iaHi7<-ir*Xrj/),  Rubner  cjikHiIate<l  that 
in  man,  with  a  mixed  diet,  the  avaHtshfe  heat-nnita  for  1  gnu.  of  albumin  — 4100  ;  1  gnu. 
fat  =  9300  ;  and  for  1  gim.  carbohydrate -4100  caloriea. 
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When  we  kBOw  the  weight  of  any  of  the  ahove-named  suhstances  consumed  by 
a  man  in  twenty-four  hours,  a  simplo  mlculation  enables  na  to  deterniinp  how  many 
heat-units  are  formed  in  the  body  by  oxidation,  {.e.^  provided  tlie  substance  is  com- 
pletely oxidisi'd- 

[Several  sources  of  heat-prodtiction  ov  thermogenesis  are  to  he  foimd  in  all 
tissues  wliert^ver  oxithitiou  is  i^oing  on.  The  nietahoHsm  of  protoplasm  is  always 
associated  with  the  evolution  of  heat] 

(1)  I71  the  traiii*fonnatioii  of  the  chemiraJ  eomttilHeut  of  the  food ^  endowed,  icith  a 
hirge  amount  of  pfitentinl  energy  into  surh  i^iittatfnires  a»  have  little  or  no  erteiypj. 
The  organic  sulj<8tances  used  as  food  consist  of  C,  H,  0,  N,  so  that  there  takes 
place — (a)  Combustion  of  C  into  CO^,  of  H  into  H^O,  whereby  heat  is  prodncetl ; 
1  giiii,  C  hurni'd  to  pr^duet?  CO^  yields  8080  heat-units,  while  1  gnu.  H  oxidised 
to  H^O  yields  34,460  heat-iuiits.  The  O  necessary  for  those  ] in  r poses  is  aljsorbed 
during  respii-ation,  so  that,  to  a  eertain  extent  at  least,  tlie  amount  of  heat  i>rodueetl 
may  he  estimated  from  the  amount  of  O  consmned.  The  same  consumption  of  O 
t/ives  ric^e  to  the  same  amount  of  heat  whether  it  is  used  to  oxidise  II  or  C 
{Pflilger),  There  is  a  relation,  amounting  to  cause  and  etl'ect,  between  the  amount 
of  Jieat  produced  in  the  body  und  the  f>  consumed.  The  cokbblocMled  animals^ 
whit;h  consume  little  C),  Imvf  a  low  temperature;  amongst  warmdilucHled  animals, 
1  kilo,  of  a  living  rabbit  tiikes  up  within  an  hour  0*914  grm.  O,  ami  its  bi-xly  is 
heated  to  a  mean  of  38*  C.  1  kilo,  of  a  living  fowl  use^^  1*186  grms.  O,  and  gives 
a  mean  temperature  of  43*9''  G,  The  amonut  of  heat  produced  is  the  same  whether 
the  combustion  occurs  slowly  or  quickly;  the  rapidity  of  the  metabolism,  therefore, 
affects  the  rapidity^  l>ut  not  the  absolute  amount  of  heat-]>rfMhicti<in.  The  com- 
bustion of  inorganic  suljstiineesin  the  body,  f.f/.,  of  the  sulphur  into  sulphuric  acid, 
the  phosphorus  into  phosphoric  acid,  is  another,  although  very  small,  source  of 
heat. 

[The  muscles  ffmn  about  the  half  of  the  whole  mass  of  the  body  and  the  bonea 
nearly  the  othrr  half.  In  tlie  latter,  oxidation  does  not  go  on  actively,  so  that  the 
muscles  must  Ite  the  great  seats  fif  heat-production  or  thennogenesis  in  the  botly. 
This  view  is  supported  by  the  fact  that  the  IdorMi  leaving  a  muscle  at  rest  cont-ains 
more  CO,,  than  the  1iIo«kI  in  tlie  right  ventricle.  Muscular  exercise  greatly 
increases  the  metal>olisniand  the  CU.>  excreted  (§  126),  but  at  the  same  time,  there 
is  a  great  increase  in  lieat-production.  The  muscles,  therefore,  are  the  gi'«?at  tlier- 
mogcuiic  tissues,  and  they  yield  Jths  of  the  heat  in  health.  The  stivend  secreting 
glands,  especially  the  liver  and  the  alimenttiry  canal,  during  digestion,  are  also  foci 
of  heat'lormation,] 

(/>)  In  additiiui  to  the  processes  of  combustion  or  oxidation,  all  those  chemical 
processes  in  mxi  body,  l\y  which  the  amount  of  the  available  potential  enei)j[y 
which  is  jiresent  is  dimirushed^  in  consequence  of  a  greater  satisfaction  of  atomic 
affinities,  lead  U>  the  production  of  heat  In  all  cases  where  the  atoms  assume 
more  sttdde  positions  with  their  affinities  satistied,  chemical  imergy  passes  into 
kinetic  thermal  energy,  as  in  the  alcoholic  fermentation  of  grape-sug^,  and  otlier 
similar  processes. 

Heat  J  a  also  developed  ihnitix  tlio  tbllowiug  clieiaical  f>roce^«,H  :-- 

(«)  During  the  uuioii  «f  ba§e9  with  aci^Is.  Tbe  iiatare  r>f  the  base  deteriiiiues  the  aniouut  of 
h6ftt  prwhiceil,  wIiiIr  the  nature  of  the  Acid  is  without  etTeet.  Only  m  those  caae^  whore  the 
•cid,  e.g.  J  CO^,  ia  uiml>le  to  iicatralifte  the  alkaliue  reifcctioii,  lh<*  amouut  ofhe^t  produced  la  less. 
The  formatiou  of  comiKJunds  of  cliloriue  {^,g*t  '1  the  atomach)  producea  heat 

(J9)  When  e  aeutnil  snlt  is  ehaiiged  into  a  basic  one,  lu  the  blood  the  sulphurie  And 
phosphoric -acids  derived  from  the  coin  bastion  of  S  aud  Pare  united  with  the  alkahes  of  tho 
blood  to  form  basic  salt^.  The  decomposition  of  the  cnrbonatpa  of  tho  Mood  by  lactic  and 
phoaphorie  acids*  form  a  double  source  of  heat,  on  tht*  one  hand,  by  the  formation  of  a  new 
ialt,  and,  on  the  other,  by  the  liberatiou  of  CO3.  which  is  partly  absorbed  by  the  blood, 

(7)  The  cotnbinntion  oi  hairnoglobiu  with  0  (§  86)* 
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During  those  chemical  processes,  whereby  the  heat  of  the  body  is  produced, 
heat-absorbing  intermediate  compounds  are  not  unfrequently  formed.  Thus,  in 
order  tliat  the  final  stage  of  more  complete  saturation  of  the  affinities  be  reached, 
intermediary  atomic  groups  are  formed,  whereby  heat  is  absorbed.  Heat  is  also 
absorbed  when  the  solid  aggregate  condition  is  changed  during  retrogressive 
processes.  But  these  intermediary  processes,  whereby  heat  is  lost,  are  very 
small  compared  with  the  amount  of  heat  liberated  when  the  end-products  are 
formed. 

(2)  Certain  phjrBical  processes  are  also  a  source  of  heat. — (a)  The  trans- 
formation of  the  kinetic  mechanical  energy  of  internal  organs,  when  the  work 
done  is  not  transferred  outside  the  body,  produces  heat.  Thus  the  whole  of  the 
kinetic  energy  of  the  heart  is  changed  into  heat,  owing  to  the  resistance  opposed 
to  the  blood-stream  (§  93).  The  same  is  true  of  the  mechanical  energy  evolved 
by  many  muscular  viscera.  The  torsion  of  the  costal  cartilages,  the  friction  of  the 
current  of  air  in  the  respiratory  organs,  and  the  ingesta  in  the  digestive  tract,  all 
yield  heat. 

An  excessively  minute  amount  of  the  mechanical  energy  of  the  heart  is  transferred  to 
surrounding  bodies  by  the  cardiac  impulse  and  the  superficial  pulse-beats,  but  this  is  infini- 
tesimnlly  small.  During  respiration,  when  the  respiratory  gases  and  other  substances  are 
expired,  a  very  small  amount  of  energy  disappears  externally,  which  does  not  become  changed 
into  heat.  If  we  assume  that  the  daily  work  of  the  circulation  exceeds  86,000  kilogram -metres, 
the  heat  evolved  is  equal  to  204,000  calories  in  twenty-four  hours  (§  93),  which  is  sufficient  to 
raise  the  temperature  of  a  person  of  medium  size  2°  C. 

(b)  When,  owing  to  muscular  activity,  the  body  produces  work  which  is  trans- 
ferred to  external  objects,  e.g.,  when  a  man  ascends  a  tower  or  mountain,  or  throws 
a  heavy  weight,  a  portion  of  the  kinetic  energy  passes  into  heat,  owing  to  friction 
of  the  muscles,  tendons,  and  the  articular  surfaces,  as  well  as  to  the  shock  and 
pressure  of  the  ends  of  the  bones  against  each  other. 

(c)  The  electrical  currents  which  occur  in  muscles,  nerves,  and  glands  very 
probably  are  clianged  into  heat.  The  chemical  processes  which  produce  heat  evolve 
electricity,  which  is  also  changed  into  heat.  This  source  of  heat,  however,  is  very 
small. 

(d)  Other  processes  are  the  formation  of  heat  from  the  abs(»'j)tion  of  CO^,  by  the  conccntrcUion 
of  icater  as  it  passes  through  membranes,  in  ivihibilion^  and  the  formation  of  the  solids^  e.g.,  of 
chalk  in  the  bones.  After  death,  and  in  some  pathological  processes  during  life,  the  coagula- 
tion of  blood  and  the  production  of  rigor  mortis  are  sources  of  heat 

207.  HOMOIOTHEBMAL  AND  POIEILOTHEBMAL  ANIMALS.-  In  place 
of  the  old  classification  of  animals  into  "cold-blooded"  and  "warm-blooded," 
another  basis  of  classification  seems  desirable,  viz.,  the  relation  of  the  temperature 
of  the  body  to  the  temperature  of  the  surrounding  medium.  Bergmann  introduced- 
the  word  homoiothermal  for  the  warm-blooded  animals  (mammals  and  birds), 
because  these  animals  can  maintain  a  very  uniform  temperature,  even  although  the  • 
surrounding  temperature  be  subject  to  considerable  variations.  The  so-called  cold- 
blooded animals  are  called  poikilothermal,  because  the  temperature  of  their 
bodies  rises  or  falls,  within  wide  limits,  with  the  heat  of  the  surrounding  medium. 

When  homoiothermal  animals  are  kept  for  a  long  time  in  a  cold  medium,  their 
heat-production  is  increased,  and  when  they  are  kept  for  a  long  time  in  a  warm 
medium  it  is  diminished. 

Fordyce  gave  a  proof  of  the  nearly  uniform  temperature  in  man.  A  man  remained  ten 
minutes  iu  an  oven  containing  very  dry  hot  air  (§  218),  and  yet  the  temperature  of  the  palm 
of  his  hand,  mouth,  and  urine  was  increased  only  a  few  tenths  of  a  degree.  Becquerel  and 
Brechet  investigated  the  temperature  of  the  human  biceps  (by  means  of  thermo-electric 
needles),  when  the  arm  has  been  one  hour  in  iced  water,  and  yet  the  temperature  of  the 
muscular  tissue  was  cooled  only  0*2°  C.  The  same  muscle  did  not  undergo  any  increase  in 
temperature,  or  at  moet  0*2*  C,  when  the  man's  arm  was  placed  for  a  quarter  of  an  hour  in 
water  at  42"  C. 
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If  lieat  1)6  rapidly  abstracted  (§  225)  or  rapidly  supplied  (§  221)  to  the  body, 
so  as  to  produce  rapid  variation  of  the  temperature,  life  is  endangered. 

Poikilothermal  animals  behave  very  differently ;  the  temperature  of  their 
bodies  generally  follows,  although  with  considerable  variations,  the  temperature  of 
the  surroundings.  When  the  temperature  of  the  surroundings  is  increased,  the 
amount  of  heat  produced  is  increased,  and  when  the  surrounding  temperature  falls, 
the  amount  of  heat  evolved  within  the  body  also  falls. 


The  following  table  shows  very  clearly  the  characters  of  poikilothermal  animalg,  e.g.^  firogi 
which  were  placed  in  air  and  water  of  varying  temperatures.  They  were  immersed  up  to  the 
mouth.  The  temperature  was  measured  by  means  of  a  thermometer  introduced  through  the 
mouth  into  the  stomach. 


In  Water. 

In  Air. 

Tenii)emture  of  the 

Temperature  of  Frog's 

'       Temperature  of  the        1     Temperature  of  Frog'a     1 

Wftter. 

Stomach, 
38-0''  C. 

1                    Air. 

1 

Stomach. 

41  -O^C. 

;                40-4°  C. 

1  ■ 
1 

81 -7' C. 

30-0 

29-6 

i               27-4 

1 

19-7 

20-6 

' 

20-7 

1               16-4 

1 

14-6 

5-9 

8-0 

1                 6-2 

' 

7-6 

2-8 

[T. 

5-3 

5-9 

1 

8-6 

i 

smperatnre  of  Different  Animals 

BirdB. 

Temp.     ' 

Temp. 

Temp. 

Swallow, 

.     44  03 

Panther,  . 

.     88-90 

Thalassidronia, 

.      40-30 

Gull,      . 

.     37-8       ' 

Mouse,     . 

.     41-1 

Procellaria, 

40-80 

Dolphin,  . 

.     85-5 

Goose, 

.     41-70 

Tiger,    . 

.     37-20 

I  37-80-40-00 

Sparrow,   . 

/  39-08 
•1  42-10 

Horse,  . 
Rat,       . 

.  36-80-37-50 
.     38-80 

Sheep,     . 

\  39 -50-40-00 
(  40-00-40 -60 

Pigeon,      .         .   41-80-42-50 

Hare,     . 

.     37-80     i 

Ape, 

.     85*60 

Turkey,     . 

.     42-70 

Cat.       . 

.  38-30-38-90 

Guinea-pig, 

35-76-38-00 

Guinea-fowl, 

.     43-90 

Guinea-pi^, 

.     38-80     ' 

Rabbit,    . 

.  87-50-38-00 

Duck, 

143-90 
•  \  42-50 

f  37-40 
,  ]  39-00 
[39 -60     ' 

Ox,.         . 

.     37-50 

Dog»      • 

Ass, 

.     86-95 

Crow, 

.     41-17 

{Oavarret  &  J^oseiUhal).] 

Jteptilcs—Simkes,  10**-12°,  but  higher  when  incubating.  Amphibians  and  fishes — O'S'-S** 
above  the  temperature  of  the  surroundings.  ArUiropoda — 0-l**-5-8'*  above  the  surroundings. 
Bees  in  a  hive,  30°-32°,  and  when  swarming,  40**.  The  following  animals  have  a  temperature 
higher  than  the  surrounding  temperature  : — Cephalopods,  0*57°  ;  molluscs,  0-46**;  echinoderms, 
0-40'  ;  medusfe,  0-27** ;  polyps,  0-21**  C. 

208.  ESTIMATION  OF  TEMPERATUEE.— By  using  thermometric  apparatus,  we  are 
enabled  to  obtain  information  regarding  the  degree  of  heat  of  the  body  to  be  investigated.  For 
this  purpose  the  following  methods  are  employed  :  — 

A.  The  Thermometer.— Celsius  (1701-1744)  divided  his  thermometer  into  100  narts,  and 
each  i)art  wus  again  divided  into  10  jmrts,  so  that  iV°  C.  could  be  easily  read  off.  All  thenlio- 
meters  which  have  been  used  for  a  long  time  give  too  high  readings,  hence  they  should  be  com- 
pared, from  time  to  time,  with  a  normal  thermometer.  When  taking  the  temperature,  the 
Dulb  ought  to  be  surrounded  for  fifteen  minutes,  and  during  the  last  five  minutes  the  mercury 
column  ought  not  to  vary.  A  very  sensitive  thermometer  will  indicate  the  temperature  after 
seven  seconds  if  the  urine  stream  be  directed  \\\\ou  its  bulb.  Minimal  and  ma-nmal  thermo- 
meters are  often  of  use  to  the  physician. 

[Clinically,  one  of  the  thermometers  shown  in  fig.  282  may  boused.  They  are  self-registering 
maximum  thennonietei*s,  /.r.,  a  portion  of  the  mercury  is  separated  from  the  mercurial  column, 
to  form  the  index,  the  top  of  which  indicates  the  temperature.  Before  being  used,  the  index 
must  be  well  below  the  normal  temperature.  Various  fonns  of  surface  thermometers  have  been 
used.  ] 

Walferdin's  metastatic  thermometer  (fig.  283)  is  specially  useful  for  comparative  observation. 
Tlie  tube  is  very  narrow  in  comparison  with  the  bulb,  and  in  order  that  the  stem  be  not  too 
long,  it  is  constructed  so  that  the  amount  of  mercury  can  be  varied.     A  quantity  of  mercury  is 
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takeD,  so  that  with  the  temperature  expected  the  thread  of  mercury  will  stand  about  the  middle 

of  the  stem.      A    small 

^  ^ ,i.M^..|.ii.|....!.|i.,..  ;..iMi|.n.|...|  jr.ii.i.|..i|..v...pn.|  v  ^^^^  ^^  ^j^^  ^^^^  ^^ 

^  W     — *300  W  H^  >'  the  stem  receives  tne  ex- 


\ 


lmi{iHti'*!!i jif'-lfffll. "  I'll  'I'lirpuw'ffiip'.ffiT.'  ^k 

M 


Fig.  282. 

A,  Casella's  "  infallible,"  B,  **  Ferris'  perfect,"  and  C,  Evans'  and  WormuU's  "  stondard  " 

clinical  thermometers. 

cess  of  Hg.     Suppose  a  temperature  between  87*^-40'*  C.  is  to  be  measured,  the  bulb 
is  first  heated  a  little  over  40*"  C,  it  is  then  suddenly  cooled,  and  shaken  at  the  same 

time,  so  that  the  thread 
2  of    mercury    is    thereby 

^  suddenly    broken    above 

C  I        40*.       The    tube    is    so 

narrow  that  1**  C.  is  equal 
to  about  10  centimetres 
of  the  length  of  the  tube, 
so  that  Y^T*"  ^'  is  still 
1  millimetre  in  length. 
The  scale  is  divided  em- 
pirically, but  the  value 
of  the  divisions  must  be 
compared  witli  a  normal 
thermometer. 

Kronecker  and  Meyer 
used  very  small  maximal 
'  'outflow  thermometezB,** 
and  caused  them  to  pass 
through  the  intestinal 
canal,  or  through  lai^ 
blood-vessels.  Tlie  mer- 
cury flows  out  of  tlie  short 
o^>eu  tube,  and  of  course 
more  flows  out  the  higher 
the  temperature.  After 
these  small  bulbs  have 
passed  through  the 
animal,  a  comparison  is 
instituted  with  a  normal 
thermometer,  to  deter- 
mine at  what  temperature 
the  merciuy  reacnes  the 
free  marnn  of  the  tube. 

B.  Tnermo  -  electric 
Method.— This  method 
enables  us  to  determine 
the  temperature  accur- 
ately and  rapidly  (fig. 
284,  I).  The  thermo- 
electric  galvanometer  of 
Meissner  and  Meyersteiu 
consists  of  a  circular 
magnet  (m),  suspended 
by  a  thread  of  silk  (c),  to 
which  a  small  mirror  (S) 
is  attached.  A  large 
stationary  bar  magnet 
(M)  is   placed  near  the 


Fig.  28a. 
Walfenlin's 
metastatic 
thermo- 
meter. 


A  B 

Fig.  284. 

Scheme  of  thermo-electric  arrangements  for 
estimating  the  temperatiu*e. 


magnet  (m),  so  that  the  north  poles  (n  and  N)  of  both  magnets  point  in  the  same  direction,  and 
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it  is  so  arranged  tbat  the  susjieiided  niagiiet  is  caused  to  point  to  thf  north  by  a  iniiiniial  action 
of  M.  A  thick  copper  wire  {h,  b)  is  coiled  se^^&i-al  times  round  m  (although  in  the  fig.  it  is  repre- 
sentee! as  a  single  coil),  and  the  ends  of  the  wire  are  aoldered  to  two  tlicrmo- elements,  each  com* 
t>o»ed  of  tvA'o  ditrereut  metals  —iron  and  Oenuan  silver,  the  two  similar  free  elements  being  unitwl 
by  a  wirt^  (i^l),  so  tbat  the  two  thttrmu-elt'menLa  form  |iart  of  a  ch>sed  circnit.  A  horizontal  scale 
(K,  K)  in  placed  at  a  ilistance  of  3  metres  from  the  miiTor,  m  that  the  divisions  of  the  scale  are 
neen  in  the  mirror*  The  sc^b*  itself  re^ts  upon  a  telescope  (F)  directed  towards  the  mirror* 
The  oh-jtrver  (B),  who  lookn  through  the  telescopCp  can  see  the  divisions  of  the  Bcalo  in  the 
mirror.  When  the  ma|fnet,  and  with  il:  the  mirror-  swing  out  of  the  niA^nctic  meridian,  the 
obs<?rver  notices  other  divtHions  of  the  scale  in  the  mirror.  When  one  of  the  thermo-elementa 
is  heated,  an  electrical  current  is  prixluccvflj  which  pas,sos  from  the  iron  to  the  German  silver  in 
the  heated  couple,  nnd  cauaea  a  aeviidion  of  tVie  suspeiHlcd  magnet.  Suppose  a  person  were 
swimming  in  the  direction  of  the  ciUTent  in  the  conducting  wire,  then  the  north  jwle  of  the 
magnet  moves  to  the  north  {Ampire).  The  tangent  of  the  an^le  <^,  through  which  the  freely 
nioviible  magnet  is  divertetl  by  a  galvanic  cnirent,  from  its  position  of  rest  or  zero,  in  the 
magnetic  meridian,  m  the  same  as  the  galvanic  stream  ;  G  is  pitiportional  t^  the  magnetic 
G 


energy  D,  i.<r.,  tang.  ^- 


D* 


If  G  i$«  to  remain  the  same,  and  the  tang*  ^  to  be  as  large  as  poa* 


sihip,  the  magnetic  euergy  tnust  he  diminished  as  much  as  jwssible.  If  the  magnetism  of  the 
sUHjjended  magnet  be  inditmted  by  w,  and  thfit  of  the  earth  by  T,  the  magnetic  directing  energy 
D— Tm,  so  that  I>  can  be  dlstinguiiihed  in  two  vvaya  :  (1)  by  diminisbing  the  nmgnetic  moment 
of  the  sttspeuded  maguct,  as  may  be  done  by  using  a  pair  of  astatic  needles,  such  as  are  uaed  in 
l^obili*s  galvanometer ;  (2)  and  also  by  weakening  the  magnetism  of  the  earth,  by  placing  an 
acf«jisory  stationary  magnet  (Hauy*a  rod)  in  the  name  dii-e<ition,  and  near  the  suspended  magneto 
Aw  important  arrangement  for  rupidly  getting  the  magnet  to  zero  is  the  dead-beat  arrangement 
of  Ganas  (not  figured  in  the  scheme).  It  consists  of  a  thick  copjier  cylii^der,  on  which  the  wire 
of  the  coil  is  wound.  This  maas  of  copjior  may  he  regarded  as  a  closed  mnlti[dicator  with  a 
very  large  trans vtr»d  section.  The  vibrating  magnet  induces  in  this  closed  circuit  a  current 
of  electricity,  whnm  intensity  is  greatest  when  the  velocity  of  the  excursion  of  the  magnet  is 
greatest,  and  whicli  tiikes  the  ofn>osite  dirtNCtion  as  soon  as  the  magnet  retiirna  towards  zera 
These  induced  currents  cansv  a  diminution  of  the  vibrations  of  the  magnet  in  this  way,  that  the 
arc  of  vibration  of  the  magnet  diminishes  very  rapidly,  almost  in  a  geometrical  progression. 
The  induced  damping-current  is  stronger,  the  less  the  resiatance  iji  the  closed  circuit,  and  in 
the  damper  or  dead-beat  arrangement  itself,  the  girater  the  section  of  the  copper  ring.  This 
damping  arrangement  limits  the  oscillations  of  the  magnet,  and  it  comes  to  rest  rapidly  and 
promptly  after  3  or  4  small  vitu-iitions,  so  that  much  time  is  saveth  The  angle  of  deviation  ia 
so  small  th:it  the  angle  itself  may  be  taken  instead  of  the  tangent 

The  thermo-electric  needles  of  Dntrochct  (tig.  284,  II)  may  be  placed  in  the  circuit.  They 
consist  of  iron  and  German  silver  soldered  at  their  point**  j  or  ttiP  needles  of  Been uerel  (III) 
may  l>e  used.  They  consiwt  of  the  same  metals  soldered  in  a  straight  line,  one  behind  the  other. 
The  needles  must  always  he  covered  by  a  varnish,  which  will  prevent  the  jmrenchymatousjnicca 
from  acting  ui>on  them,  and  so  causing  a  cunent,  l^^fore  the  exiierimcnt  we  must  determine 
what  extent  of  excursion  on  the  scale  is  obtained  with  a  certain  temperature.  In  order  to 
detemiine  this,  a  delicate  thermometer  is  fixed  to  eiich  of  the  thermo-couples,  and  both  ana 
places!  in  oil  baths,  which  dtlfcr  in  temperature —say  hy  1*  C. —as  can  be  determined  by  the 
thermometer.  When  the  current  is  closed,  the  excursion  on  the  scale  will  indicate  1*  C»  Sup- 
pose that  the  excursion  was  150  mm,,  then  each  mm.  of  the  scale  would  he  efjual  to  ^e' C. 
When  this  is  determined,  the  two  thermo- need  lea  may  lie  placed  in  the  different  tissues  or 
organs*  of  animals,  and^  of  course,  we  obtain  the  difference  of  temperature  in  these  placea.  Of 
one  thermo-couple  may  be  placed  in  a  bath  of  constint  temperature  (nearly  that  of  the  body), 
in  which  u  piaccfl  a  delicate  thermometer,  while  the  other  needle  is  introduced  into  the  oTgaji 
to  be  investigated.  In  this  case  wo  obtain  the  difference  of  tenn^eratur©  between  the  tissue  and 
the  source  of  the  constant  heat  The  electric  current  pfissen  in  the  w^wrmer  needle  from  the  iron 
to  the  German  silver,  and  tltus  through  the  wires  of  the  a[i[>aratu8.  For  small  dilTereDces  of 
temperature,  such  as  occur  in  the  liofiy,  the  thermo-electric  energy  is  always  proportional  to  tlw 
difference  of  tt-mpcrature  of  the  two  needles  or  couples.  In  place  of  a  single  pair  of  needles 
several  may  l>e  iised^  w^hereby  the  sensitivcne.Hi*s  of  the  apparatus  is  greatly  increaaed, 
Helmholtz  found  that  by  using  sixteen  antimony-bianinth  couples,  he  could  detect  an  tncreaae 
of  j-^^n"  C.  Schiffer  prc[)are<l  a  simple  thermopile  (IV)  by  soldering  together  alternately  four 
pairs  of  wires  of  iron  (/)  and  German  silver  (a).  These  are  placed  in  the  two  orgaoa  (A  and  B) 
which  are  to  be  investigate*!,  wliereby  a  very  high  degree  of  exactness  is  obtained. 


209.  TEMFEEAf  OTIE  TOPOGEAFHY.— Although  the  bloixl,  iii  virtue  of  its 
eontiiiual  iiKdioii  {eonipletiiig.  as  it  does,  the  circulation  in  twonty-three  soconda), 
mufit  exerciae  a  very  considerable  influence  on  the  equilibration  of  the  temperalun 
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in  different  organs,  nevertheless,  a  completely  uniform  temperature  does  not  exist, 
and  the  temperature  varies  in  different  parts  : — 
1.  Skin  {J.  Davy), 


Middle  of  the  sole  of  the  foot,  32  '26°  C. 

Near  tcndo  Achillis,  .  33*85 

Anterior  surface  of  leg,  .  33*05 

Middle  of  calf,      .        .         .  33-85 


Middle  of  upper  arm,  35*40°  C. 

Inguinal  fold,  .  35-80 

Near  cardiac  impulse,  34*40 

Face, 31*00 


Bend  of  knee,       .        .         .     36*00        :     Nose  and  tip  of  ear,  .        .        22*24 

In  the  closed  axilla,  36*49  (mean,  of  506  individuals) ;— 36*5  to  37*25  ( JFunderlieh) ;— 36*89°  C. 
{Liebernwister).     The  skin  over  muscles  is  warmer  than  that  over  bone  {Kunkd), 

llie  temperature  of  the  skin  of  the  head  is  higher  in  the  forehead  and  parietal  region  than  in 
the  occipital  region  ;  the  skin  on  the  left  siae  of  the  head  is  warmer  than  on  the  right. 
Dyspnoea  increases  the  temperature  of  the  skin. 

Method.— Liebermeister  determines  the  temperature  of  free  cutaneous  sarfEUsee  thus  :— The 
bulb  of  the  thermometer  is  heated  slightly  above  the  temperature  expected  ;  after  the  mercury 
begins  to  fall,  the  bulb  is  placed  on  the  skin,  and  if  the  bulb  has  the  same  temperature  as  the 
skin,  the  mercury  remains  stationary.     Tliis  experiment  must  be  re[)eated  several  times. 

2.  Cavitiee. 

Mouth  under  the  tongue,      .     37*19°  C.  I    Vagina, 38*30°  C. 

Rectum,        .        .         .        .38*01        |    Unne, 37*03 

Uterine  cavity  somewhat  warmer ;  cervical  canal  of  the  uterus  somewhat  cooler. 

The  temperature  falls  in  the  stomach  during  digestion  (§  166,  1).  Cold  injec- 
tions (ir  C.)  into  the  rectum  rapidly  lower  the  temperature  in  the  stomach  TC. 
(  Wintemitz), 

8.  The  temperature  of  the  blood  is,  as  a  mean,  39°  C.  The  venous  blood  in 
internal  viscera  is  warmer  than  the  arterial,  but  it  is  cooler  in  peripheral  parts  : — 


Blood  of  the  right  heart,  .  .  .  38*8' 

,,  left  heart,     .  .  ,  38*6 

„  aorta,  .  .  38*7 

,,  hepatic  vein,  .  .  39*7 


Blood  of  the  superior  vena  cava,  .        36*78* 
,,  inferior  vena  cava,     .        38*11 

,,  crural  vein,       .  37*20 

{CL  Bernard  and  v.  Liebig,) 


The  lower  temperature  of  the  blood  in  the  left  heart  may  be  explained  by  tlio  blood  becoming 
cooled  in  its  passage  through  the  lungs  during  respiration.  According  to  Heidenhain  and 
Korner,  the  ri^jht  heart  is  slightly  warmer  because  it  lies  in  relation  with  the  warm  liver,  whilst 
the  left  heart  is  surrounded  by  the  lung,  which  contains  air.  This  observation  is  disputed  by 
others,  who  say  that  the  left  heart  is  slightly  warmer  because  the  combustion- processes  are 
more  active  in  arterial  blood,  and  heat  is  evolved  during  the  formation  of  oxy haemoglobin.  The 
blood  in  the  veiiiB  is  usually  cooler  than  in  the  corresponding  arteries,  owing  to  tne  superficial 
position  of  the  former,  whereby  they  give  off  heat  during  their  long  course  ;  thus  the  blood  of 
the  jtiffular  vein  is  ^  to  2"  C.  lower  than  the  blood  in  the  carotid;  the  crural  vein  |  to  1°  cooler  than 
in  the  crural  artery.  Superficial  veina,  more  especially  those  of  the  skin,  give  off  much  heat, 
and  their  blood  is,  therefore,  somewhat  cooler.  The  warmest  blood  is  that  of  the  hepatic  vein 
39*7**  C,  partly  owing  to  the  great  chemical  changes  which  occur  within  the  liver,  from  its 
secretory  activity  (§210,  a),  and  partly  to  its  protected  situation. 

4.  The  individual  tissues  are  warmer :  (I)  the  greater  the  transformation  of 
kinetic  energy  into  heat,  i.e.,  the  greater  the  tissue-metabolism ;  (2)  the  more  blood 
they  contain;  (3)  and  the  more  protected  their  situation.  According  to  Heidenhain 
and  Korner,  the  cerebrum  is  the  warmest  organ  of  the  body. 

40*67'*  C. 
41-60 
40-90 
(Berger,) 

Becquerel  and  Brechet  found  the  temperature  of  the  human  subcutaneous  tissue  to  be  2'1''  C. 
lower  than  that  of  the  neighbouring  muscles.  The  homy  tissnes  do  not  produce  heat,  and 
their  low  temperature  is  due  to  the  conduction  of  heat  from  the  parts  on  which  they  grow.  The 
temprature  of  the  oomea  partly  depends  on  that  of  the  iris,  and  the  more  contract^  the  pupil 
is,  the  more  heat  it  receives  from  the  blood-vessels  of  the  iris. 

210.  CONDITIONS  AFFECTING  THE  TEMPERATITBE  OF  OBOANS.— 

The  temperature  of  the  individual  organs  is  by  no  means  constant ;  it  is  influenced 
by  many  conditions  ;  amongst  these  are  the  following  : — 


Subcutaneous  tissue  (sheej 

3),        37-35°  C. 

Rectum,     . 

Brain, 

40-26 

Right  heart. 
Left  heart. 

Liver, 

41-25 

Lungs, 

41-40 
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(1)  Th'  morr  heat  produced  iwh pendent! y  mfkin  a  pari ^  fhi'  hiijher  U  ih  tr7npeixt* 
ture.  As  tlu*  amount  of  lieat  ]»rwluceil  within  a  part  depends  upon  its  metal jolisin, 
therefore  when  the  nieUboli.sm  is  increased,  the  amount  of  heat  pr*»dueeJ  is 
similiarly  imnvased, 

(a)  Glands  iirodiiee  more  heat  dnriiig  the  aet  of  secretion,  a^  m  proved  by  the 
highrr  temperatnre  itf  their  secretion,  or  by  t!ie  bit^'her  tempei*aturG  of  the  venous 
blood  fiowing  out  of  thc-ir  vein.s, 

LuJwig  found  thtit  whi'ii  lie  Htiiindateil  the  tlionJa  tyiM|mDi,  tlie  saliva  of  the  »ubniaxiUarv 
glanil  was  If*"  C*  wttinier  than  tho  Itlwul  in  the  earoliJ,  whiuji  dU|»phe(l  tho  pjlnnd  witli  blt>otJ 
(p.  249).  The  blood  in  the  reiifll  vein  in  a  kidney  which  is  secreting  is  wannt-r  than  the  blood 
in  the  renal  artt-ry.  Thi«  8ULT*itini{  liver  jirodnees  nmrh  heat  (§  173).  CL  Beruiird  itivt'stigatod 
the  teniperaturo  of  tbe  blood  of  the  portal  and  hepatic  veina  during  louiger,  at  llie  begiuning 
of  di|t(estinn,  iind  when  diyt^stion  was  most  active^  and  hi*  found  : — 

38*4  \  ,stnn'fition.         f 


Ti^mperatme  of  i>ort«l  vein, 
,,  liLpUic  vein, 


Temperature  of  jiort  a  I  vein,  .  3&1J 

,^               bepfllie  vein,  .  39 '5 

Tern  ^leratare  o  f  jk)  r  i  al  v  i  i  n ,  .  39  7 

,,              nepatit' vuinj  ,  41  "3 


Bcii inning  of 

lUfjrMimt. 
lHtjf's(imi  iHOxf 
acUxt, 


Blood  of  right  hearti 
38-5^ 
(Hmiger  (leriod.) 


(       Blood  of  right  heart, 
\  during  digestion,  31>*2** 
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III  tht  dof^a  moderate  diet,  cbendcal  or  inethanicttl  Htininlation  of  thl^  gantrir!  mucouji  mem* 
brauf,  or  ♦"ven  the  sight  of  food,  raises  the  temperature  in  the  stomach  and  intestine, 

{h)  \Vhen  the  muscles  contract,  they  evolve  beat,  Davy  found  that  an  active 
miLsele  lifiame  0  7'  C.  vvanm/r ;  while  Beciiuerclj  by  menus  of  a  tbermo-galvano- 
meter,  found  that  hnmun  nnmde^,  when  kept  contracted  for  five  minutes,  became 
r  C.  warmer  (%  302). 

This  \i>  on«  of  the  reasons  why  the  tenii^erature  may  rise  ab«>ve  40^  during  rapid  ninning. 
A  temperjiture  oldaiued  by  energtjtic  muscular  action  usually  does  not  fall  to  the  normal  until 
after  reKting  for  1^  hour.  The  low  temiieralure  of  paralysed  limbs  depends  partly  apotj  the 
absence  of  tlie  muscular  contractions. 

(c)  With  regartl  to  tlie  effect  of  sensory  nerves  w^i^m  the  temperature,  some  of 
the  chief  points  to  ascertain  are— whether  the  d nidation  iw  accelerated  or  retarded 
by  their  stimnlation,  m  whether  the  respirafitm  ii?  increased  or  dimini.shed  (§  214, 
II.,  3),  and  whether  tlie  miatcle^  of  the  f^kehtuti  are  relax^ed  or  contracted  reflexly 
(§  214,  L,  3).  In  the  former  ease  the  t^-niperature  of  the  interior  of  the  l^ody 
and  rectum  m  increaseil ;  in  the  hitter  tUmini.shed. 

{d)  The  tempemture  of  the  IxhIv  rises  during  mental  exertion,  Davy  observixl 
an  increase  of  0^3"  C,  after  vigorous  mental  exertion* 

(*/)  The  parenchymatous  fluids,  serous  fluids,  and  lymph  proeluce  little  beat, 
owing  Ui  their  feeble  metalxdism,  iieuee  tliey  have  the  same  temperature  as  their 
suiTonndings ;  the  epidemu^I  and  horny  tissues  do  not  prt>«hice  heat,  they  merely 
conduct  it  from  Hubjaeent  structurt!s, 

(2)  The  temperaiure  dejmidH,  io  a  large  extent,  upon  the  amoimt  of  blood  in  an 
orgtiUj  and  also  upon  the  lapidiiij  with  which  the  htoof}  ii<  renf/rvd  by  the  cireula- 
tioiL  Thif^  is  best  ob.serveil  in  the  ilitibrenee  of  the  temperature  lietween  a  cold, 
pale,  bloodless  hand,  and  a  warm,  red  congested  one, 

Becquerel  and  Brecbct  lound  that  the  temperature  of  tho  human  biceps  fell  several  tenths  of 
a  degree  when  the  axillary  artery  was  compressed.  Ligature  of  the  crural  artery  and  vein  in 
a  dog  cauties  a  fall  of  several  degrees.  If  the  extreioitles  be  kept  suspended  in  the  air,  they 
become  bloodless  and  cold. 

Liebenneistfr  hns  pointed  out  a  differenee  iwith  regBrd  to  tho  externa!  and  internal  jtarts  of 
the  body.  The  eitemal  parta  give  off  more  heat  than  they  jiroduce,  ao  that  they  become  cooler 
the  more  slowly  new  blood  tlows  into  them,  and  warmer  the  greater  the  ra|iidity  of  the  blood- 
stream  through  them.  Acceleration  of  the  blood-stream,  therefore,  causes  the  temperature  of 
peripheral  parts  to  approximate  more  and  more  to  the  temperature  of  internal  oi^ns,  while 
retardation  of  the  blood -stream  cjut«es  them  to  apiiroach  the  temperature  of  the  turrounillng 
meJinm.  Exaetly  the  reverae  ia  the  ease  with  internal  parte,  where  a  large  amount  of  heal  is 
produced,  and  heat  is  given  up  almost  alone  to  the  blood  which  Hows  through  them.     Their 
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temperature  miiNt  fall  when  tlic  Wttod-atream  tlimuKli  them  is  ttcwleratcdi  Hud  it  is  raised  wlicii 
the  blood 'Stieaiii  in  retaixied.  Hence  it  follows  that  tlie  grctiiei' the  difftrtitjce  of  the  Umperaiurc 
iKtifrcn  iwriphcral  and  tnUrnal  pttrts^  (he  shwrr  mnjtf.  h'  fht  vtlix^Uif  of  the  circuhUimu 


(3)  If  the  position  nv  other  coiitlitioii  of  mti  organ  bo  socli  im  to  cauise  it  to 
give  off  heat  hy  condiiction  or  radiation,  then  its  tt-nipeniture /a^/^. 

A  goofl  example  of  this  la  tlic  skjiij  wLii^h  vaikj*  greatly  m  teiinicmtiire  acttoitlin^  to  the 
teTij|H-rntiirL'  of  thtu  wurrounding  niedium,  whetlier  it  is  coverefl  or  uBcovered^  whether  it  is  di-y 
or  iiioi.st  \%ith  sweat  (wliieli  alMitmcts  limt  when  it  eva^>orate*<).  Wiieii  much  cold  food  or  drink 
i«  taken  J  tlie  Btomach  \a  cooled,  and  vvlieii  i<'e  i:old  tur  is  breathetJ,  the  respiratory  paiaages  as 
far  a«  the  liroiiehi  arc  cooled. 

211.  ESTIMATION  OF  HEAT. --Calorime try  is  the  juethod  of  determining 
the  anioiiiit  i^f  heat  po.sses.seil  liy  any  liody^  or  what  anitnnit  of  heat  it  is  ea|)al>le  of 
prtjihicing.  The  uuit  of  iiieasurcnient  is  the  *' heat-unit/'  or  **  calorie/'  ij\^  the 
amoinit  of  heat  {f>r  potential  energy)  required  Uj  raise  the  teni|ierature  of  1  gram  of 
wattT  V  C\  (see  Iiitnuliuiwn).     Tliis  is  sonietime,s  called  the  small  calorie. 

Experiment  ha.s  hIiowii  tliat  iqiinl  quantities  of  difrind  suhstmicts  lyquiir  trrp  unequal 
iimountft  of  htfd  to  raiifC  th'^tn  to  th:  sam^  tempt ratnrc,  ejj.,  1  kilo.  wat<'r  reipiire?H  iiiii€  times  as 
muLdi  heat  as  1  kilo,  iron  to  raiJM^  it  to  the  siime  tcmi>eratnro.  In  the  human  hody,  therefore, 
which  h  composed  of  very  dillereiit  ?snUstanceg,  nneijual  amonnts  of  heat  will  be  re<iTiired  to 
raise  th»?m  all  to  the  same  temnerature.  The  saiue  aimamt  of  heat  transferred  to  two  dilfereiit 
substances  will  raise  them  to  ailTereiit  temperatures.  Hence,  borlics  of  dilfercnt  tettipemtures 
may  contain  equal  amounts  of  beat.  TIig  amumit  of  beat  i-eqiiired  to  raise  a  delinitc  i^imiitity 
(f.f/.t  1  grm, )  of  rt  substance  to  a  certain  In^her  rlegree  (c/f,  V  C)  is  called  **Rp«cilic  heat/' 
The  siMHifk  heat  wf  wat^r  (which  of  all  ho«iies  has  the  highest  specific  heat)  is  taken  o-^^l, 
fiy  "heat-capacity"  is  meant  that  pro[>eity  of  bodies  in  virtue  of  which  they  must  absorh  a 
given  amonut  of  heat  in  order  to  have  a  certain  tern  permit  are. 

Calorimetry  is  emidoyed  r — I.  Tn  tlderadm  tht  tipectjic  heat  of  (he  differtmi  ur'jan.i 
qfihe  bijth/. — Only  a  few  observations  have  l>eeii  made.  The  mean  specific  heat 
of  the  following  animal  parts  {water-  1}  is:— 

Human  bloofl  =  102     (?)  Human  maacle  -  0*741 

Arterial  bloml  =  1031  (?)  0.t  iiuwde  -  0787 

Venoufl  blood  =  0*89*2  (!)  Compact  bone  =  0*3 

Cow's  milk  =  0*992  Spongy  bone  =  071 

The  specific  heat  of  the  hnman  hod*/,  as  a  whole,  h  alxait  that  ot  an  erpjal  volnme 
of  water. 


Fat  tisane  --     0712 

Strij^ed  muscle         «     0'825 
Detihrintited  blood   =     0*9*27 
(/.  limcftthal.] 


Kopp'a  Mel^cHl. — The  Hvlid  to  be  in- 
vestigated is  broken  In  pieces  about  the 
sus«  of  a  |)oaj  and  placed  in  a  teat-tuW  A, 
with  thin  walls,  which  is  closccl  above 
with  a  cork,  from  which  a  copper  wire 
with  a  book  on  it  projects  (tig.  2Sh). 
The  test-tube  contAius  a  certain  ipiaQtity 
ofHuhl  which  does  not  dissolve  the  ^r^ 
stance,  but  which  lies  between  its  ]•'■ 
and  covers  it.  It  is  weighed  three  luw 
to  asrertaiD  the  weight  jl)  of  the  empty 
glass,  (*2)  after  it  is  filled  with  the  solid 
mabstaDce^  (3)  after  the  fluid  is  mbied,  so 
that  wo  obtain  the  \vei«^ht  of  the  solid 
substance,  m,  and  that  of  the  fluid,  /". 
The  trjst-tu^Hj  and  its  contents  are  ]>laced 
in  a  m^rcnnj  kdh,  BB,  and  this  again  \n 
an  OiV  hfUh,  CCj  and  the  whole  is  mi  i 
to  a  high  temperature.  Into  BB  thin  i. 
intrrKhiced  a  tine  thermometer,  T.  Whcii 
the  tnl>e,  A,  has  reached  the  nccessaiy 
temnerature  (say  40")  it  is  ra[>idly  placed 

in  tlio  water  of  the  accoio[kaDying  caloiimeterdKjX,  DD.  The  water  in  this  box,  which  also 
coutaiaa  a  thHrmonieterj  D,  is  kept  in  motiou  until  it  has  completely  absorbed  all  the  heat 
given  off  hy  A.     Let  T  represent  the  tenii>eratiirc  to  which  A  and  iU  contents  were  raised  in 
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the  mercury  bath,  and  T  the  temperature  to  which  it  fell  in  the  calorimeter ;  let  8  be  the 
specific  heat,  and  m  the  weight  of  the  solid  substance  in  the  test-tube,  while  <r  and  /i  represent 
the  specific  heat  and  the  weight  of  the  iuterstitial  fluid  in  the  test-tube  ;  and  lastly,  let  w  equal 
the  amount  of  water  in  contact  with  A,  which  absorbs  and  gives  off  heat ;  then  W  represents 
the  amount  of  heat  which  the  test-tube  and  its  contents  give  off  during  cooling. 

W-(«.  w  +  w  +  <r/*)(T-Ti). 

The  amount  of  heat,  Wj,  absorbed  by  the  calorimeter  is 

where  M  represents  the  amount  of  water  in  the  calorimeter,  t  the  original  temperature  of  the 
water  in  the  calorimeter,  and  ti  the  temi)erature  to  which  it  is  raised  by  placing  A  in  it.  If 
W  and  Wj  are  equal,  then 

th€  specific  heatf  s=  — ,,.^    rp  T • 

m{L  —  ii) 

If  a  fluid  substance  is  placed  in  the  test-tube,  and  its  weight  —  m,  and  its  specific  heat  «  5, 
the  formula  for  the  specific  heat  of  the  fluid  to  be  investigated  is 

*"  7>i(T-'lV) 

II.  Calorimetry  is  more  importiuit  for  detenu iiiiiig  the  amount  of  heat 
produced  in  a  given  time  by  the  body  as  a  whole,  or  by  its  individual  parts. 

Lavoisier  and  Laplace  made  the  first  calorimetric  observations  on  animals  in  1783,  by  means 
of  an  ice-calorimeter  ;  a  guinea-pig  melted  1 3  oz.  of  ice  in  ten  hours.  Crawford,  and  afterwards 
Dulong  and  Despretz,  used  Kumford's  water-calorimeter,  which  is  similai*  to  Favre  and 
Silbermann's.  Small  animals  are  placed  in  the  inner  thin- walled  copper  chamber  (K),  which 
is  placed  in  a  water-batli  surrounded  on  all  sides  by  some  non-conducting  material.  We 
require  to  know  the  amount  of  water,  and  its  original  temperature.  The  number  of  calories 
is  obtained  from  the  increase  of  the  temi)eratui-e  at  the  end  of  the  experiment,  which  lasts 
several  hours.  The  air  is  su])plied  to  the  animal  through  a  special  api>aratus,  resembling  a 
gasometer.     The  amount  of  cdj  in  the  gase.s  evolved  is  estimated. 

According  to  Despretz,  a  bitch  formed  16,410  heat-units  per  hour — i.e.,  393,000 
in  twenty-four  hours.  Other  things  bemg  equal,  a  man  seven  times  heavier  than 
this  would  produce  in  twenty-four  hours  about  2,750,000  calories.  Senator  found 
that  a  dog  weighing  6330  grms.  produced  15,370  calories  per  hour,  and  excreted  at 
the  same  time  367  grms.  COg.  The  first  calorimetric  experiments  on  man  were  made 
by  Scharling  (1849).  Liebermeister  estimated  the  amount  of  heat  given  off  by  a 
man  placed  in  a  cold  bath,  ^vliich  was  surrounded  with  a  woollen  covering.  Leyden 
placed  a  lower  limb  in  the  calorimeter,  whereby  6000  grms.  water  were  raised 
1**  C.  in  an  hour.  If  we  assume  that  the  total  sui>erficial  area  of  the  body  is  fifteen 
times  greater  than  that  of  the  leg,  the  human  body  would  produce  2,376,000 
calories  in  twenty-four  hours. 

212.  THERMAL  CONDUCTIVITY  OF  TISSUES.— The  thermal  conduotivity  of  animal 
tissues  is  of  special  interest  in  connection  with  the  skin  and  subcutaneous  fatty  tissue.  The 
fatty  layer  under  the  skin,  more  especially  in  the  whale,  walrus,  and  seal,  forms  a  protective 
covering,  wliereby  the  conduction  of  heat  from  internal  organs  is  rendered  almost  impossible. 
Investigations  upon  this  subject,  however,  are  few.  Griess  attempted  to  estimate  the  thermal 
conductivity  by  neating  one  part  of  the  tissue,  and  determining  when  and  in  what  direction 
pieces  of  wax  placed  ou  the  tissue  to  be  investigated  began  to  melt.  He  investigated  the 
stomach  of  the  sheep,  the  bladder,  skin,  hoof,  horn,  and  bones  of  an  ox,  deer's  horn,  ivory, 
mother-of-pearl,  shell  of  haliotis.  He  found  that  fibrous  tissues  conducted  heat  more  readily 
in  the  direction  of  their  fibres  than  at  right  angles  to  the  course  of  the  fibres.  Hence,  the 
figures  obtained  from  the  melted  wax  were  usually  elliptical.  Landois  has  made  similar 
observations,  and  he  finds  that  tissues  conduct  better  in  the  direction  of  their  fibres.  After 
bones,  blood -clot  was  the  best  conductor,  then  followed  spleen,  liver,  cartilage,  tendon,  muacle, 
elastic  tissue,  nail  and  hair,  bloodless  skin,  gastric  mucous  membrane,  washed  fibrin.  It  is 
specially  interesting  to  note  how  much  better  skin  containing  hlood  in  its  blood-vessels 
conducts  than  does  bloodless  skin.  Hence  little  heat  is  given  of!  from  a  bloodless  skin,  while 
congested  skin  conducts  and  gives  off  much  more  heat. 

Like  all  other  substances,  the  human  body  is  enlarged  by  heat.  A  man  weighing  60  kilos., 
and  whoso  temperature  is  raised  from  37*  C.  to  40'  C,  is  enlarged  about  62  cubic  centimetres. 
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Connective-tissue  (tendon)  is  extended  by  heat,  while  elastic  tissue  and  the  skin,  like  caoutchouc, 
are  contracted. 

213.  VAEIATIONS  OF  THE  MEAN  TEMPERATUEE.— (1)  General 
Climatic  and  Somatic  Influences. — In  the  tropics  the  mean  temperature  of  the 
body  is  about  ^  C.  higher  than  in  temperate  climates,  where  again  it  is  several 
tenths  of  a  degree  warmer  than  in  cold  climates ;  but  this  has  recently  been 
denied.  The  difference  is  comparatively  trivial,  when  we  remember  that  a  man  is 
subjected  to  a  variation  of  over  40  "C.  in  jmssing  from  the  equator  to  the  ix)les. 
Observations  on  more  than  4000  persons  show  that  when  a  person  goes  from  a 
warm  to  a  cold  climate,  liis  temperature  is  but  slightly  diminished,  but  when  he 
goes  from  a  cold  to  a  warm  climate  his  tcmi)erature  rises  relatively  considerably 
more.  In  the  temperate  zone,  the  temperature  of  the  body  during  a  cold  tainter  is 
usually  OV  to  0*3"  C.  lower  than  it  is  on  a  warm  summer  day.  The  height  of 
a  place  above  sea-level  has  no  obvious  effect  on  the  temperature  of  the  body. 
There  seems  to  bo  no  difference  in  different  races,  nor  in  the  sexes,  other  conditions 
being  the  same.  Persons  of  powerful  physique  and  constitution  are  said  to  have 
generally  a  slightly  higher  temperature  than  feeble,  weak,  anaemic  persons. 

(2)  Influence  of  the  Greneral  Metabolism. — As  the  formation  of  heat  depends 
upon  the  transformation  of  chemical  compounds,  whose  chief  final  products,  in 
addition  to  HgO,  are  COg  and  lu-ea,  the  amount  of  heat  formed  must  go  pari  passu 
with  the  amount  of  these  excreta.  The  more  rapid  metabolism  which  sets  in  after 
a  full  meal  causes  a  rise  of  temperature  to  several  tenths  of  a  degree  ("  Digestion- 
fever  ").  As  the  metabolism  is  much  diminished  during  hunger,  this  explains  why 
the  mean  temperature  in  a  fasting  man  is  36*6*,  while  it  is  37 '17"  on  orclinary  days 
(§  237). 

Jiirgeusen  also  found  that  the  tein[>erature  fell  on  the  first  day  of  inanition  (although  there 
was  a  temporary  rise  on  the  second  day).  In  experiments  made  upon  starving  animals,  the 
temperature  at  first  fell  rapidly,  then  remained  constant  for  a  consi'lerable  time,  while  during 
the  last  days  it  fell  considerably.  Schmidt  starved  a  cat — on  the  15th  day  the  temperature  was 
38-6*'  ;  on  the  16th,  38-3"  ;  17th,  37*64'';  18th,  35-8"  ;  19th  (death)  =  33•0^  Chossat  found 
that  starving  mammals  and  biids  had  a  temperature  16°  C.  below  normal  on  the  day  of  their 
death. 

(3)  Age  has  a  decided  effect  upon  the  temperature  of  the  body.  The  extent  of 
the  general  metabolism  is  in  part  an  index  of  the  heat  of  the  body  at  different  ages, 
but  it  is  possible  that  other,  as  yet  unknown,  influences  are  also  active. 


Age. 

1     Mean  Temperature  at  the 
Ordinary  Temperature. 

Normal  Limits. 

Wlicre  Meanui-cd. 

Newly-born, 

'                 37-45' C. 

37-35-37-55"  C. 

Rectum. 

5-9  year. 

37-72 

36-87-37-62 

Month  and  Rectum. 

15-20   „ 

37-37 

36-12-38-1 

Axilla. 

21-80   „ 

37-22 

25-30   „ 

36-91 

31-40   ,, 

37-1 

36-25-37-5 

41-50    „ 

36-87 

51-60   „ 

36-83 

1              80   „ 

37-46 

Mouth. 

Newly-bom  animals  exhil)it  peculiarities  owing  to  the  sudden  change  in  their 
conditions  of  existence.  Immediately  after  birth,  the  infant  is  O'S"  warmer  than 
the  vagina  of  the  mother,  viz.,  37-86^  A  short  time  after  birth  the  temperature 
falls  O'd",  while  twelve  to  twenty-four  hours  afterwards  it  has  risen  to  the  normal 
temperature  of  an  infant,  which  is  37-45*.  Several  irregular  variations  occur 
during  the  first  weeks  of  life.  During  sleep  the  temperature  of  an  infant  falls 
0-34°  to  0-56",  while  continued  crying  may  raise  it  several  tenths  of  a  degree. 


>A1LY   VAIUATIONK  OF  TEMPEIIATITEE. 


[Sec.  21! 


Old  people,  oii  aecouiit  of  their  fet'ML*  iimUxlMlisiii,  piCMluce  little  heat ;  they 
hecoiue  <H;ld  sooner^  mid  hence  ought  to  wvnv  wiirm  cluthhig  to  keep  np  their 
temperature. 

(4)  Periodical  Daily  Variations. — In  the  coui^e  of  twonty-fuur  hours  there  are 
regular  pinnoilir  varijitiuu,^  in  the  mean  temperature,  and  these  occur  at  all  ages. 
iVs  a  j^'etierul  rule,  the  t^'aipeniture  t'ontinue^  iff  ri-*e  flunnfj  the  flay  (maximum  at 
5  to  8  P.M.),  while  it  continufs  to  fall  thirinff  the  nitjhf  (niiuimum  2  to  6  A.M*). 
The  uicau  ttunperafcure  occurs  at  the  third  hour  after  breakfast  (fig.  2H0). 

The  mean  heif^dit  of  all  the  temperatures  taken  during  a  day  in  a  patient  is  called 
tlie  **  daily  mean/*  and  aeeotding  to  Jaeger  it  is  37*31'  in  the  rectum  in  healtlh 
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A  daily  mean  of  more  than  37*8"  is  a  *' fever  temperature/*  while  a  mean  under 
37 '0°  C.  is  regarded  as  a  "  collapse  temperature/' 
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As  the  variations  occur  when  a  person  is  Btarved  for  a  day — although  those  that  occur  at  the 
|>eriods  at  which  food  ought  to  have  been  taken  are  less — it  is  obvious  thatthe  variations  are 
not  due  entirely  to  the  taking  of  food.     [The  *  indicates  taking  of  food.]    .J^ 

The  daily  variation  in  tlic  frequency  of  the  pulse  often  coincides  with  variation  of  the 
temperature.  Barensprung  found  that  the  mid-day  temperature  maximum  slightly  preceded 
the  pulse  maximum  (§  70,  8,  C). 

If  one  sleeps  during  the  day,  and  does  all  one's  daily  duties  during  the  night,  the 
above  described  typical  course  of  the  temperature  is  reversed.  With  regard  to  the 
eflfect  of  activity  or  rest,  it  appears  that  the  activity  of  the  muscles  during  the  day 
tends  to  increase  the  mean  temperature  slightly,  while  at  night  the  mean  tempera- 
ture is  less  than  in  the  case  of  a  jmrson  at  rest. 

The  peripheral  parts  of  the  body  exhibit  more  or  less  regular  variations  of  their  temperature. 
In  the  palm  of  the  hand,  the  progress  of  events  is  the  following : — after  a  relatively  high  night 
temperature  there  is  a  rapid  fall  at  6  a.m.,  which  reaches  its  minimum  at  9  to  10  a.m.  This  is 
followed  by  a  slow  rise,  which  reaches  a  high  maximum  after  dinner  ;  it  falls  between  1  to  3 
P.M.,  and  after  two  or  three  hours  reaches  a  minimum.  It  rises  from  6  to  8  p.m.,  and  falls 
apiin  towards  morning.  A  rapid  fall  of  the  temperature  in  a  peripheral  part  con-csponds  to  a 
Yiae  of  temperature  in  mternal  parts. 

(5)  Many  operations  upon  the  body  affect  the  temperature.  After  hsBmorrhage 
the  temperature  falls  at  first,  but  it  rises  again  several  tenths  of  a  degree,  and  is 
usually  accompanied  by  a  shiver  or  slight  rigor ;  several  days  thereafter  it  falls  to 
normal,  and  may  even  fall  somewhat  below  it  The  sudden  loss  of  a  large  amount 
of  blood  causes  a  fall  of  the  temperature  of  ^  to  2*  C.  Very  long-continued 
haemorrhage  (dog)  causes  it  to  fall  to  3 r  or  29"  C. 

This  is  obviously  due  to  the  diminution  of  the  processes  of  oxidation  in  the  anaemic  body, 
and  to  the  enfeebled  circulation.  Similar  conditions  causing  diminished  metabolism  elfcct  the 
same  result.  Continued  stimulation  of  the  peripheral  end  of  the  vagus,  so  that  the  heart's 
action  is  enormously  slowed,  diminishes  the  temperature  several  degrees  in  rabbits  {Landois 
and  Ammon), 

The  transfusion  of  a  considerable  quantity  of  blood  raises  the  temperature 
about  half  an  hour  after  the  operation.  This  gradually  passes  into  a  febrile  attack, 
which  disappears  within  several  hours.  When  blood  is  transfused  from  an  artery 
to  a  vein  of  the  same  animal,  a  similar  result  occurs  (§  102). 

(6)  Many  poisons  diminish  the  temperature,  e.g.^  chlorofoi-m  and  the  anaesthetics, 
alcohol  (§  235),  digitalis,  quinine,  aconitin,  muscarin.  These  appear  to  act  partly 
by  rendering  the  tissues  less  liable  to  undergo  molecular  transformations  for  the  pro- 
duction of  heat.  In  the  case  of  the  anaesthetics,  this  elfcct  perhaps  occurs,  and  is 
due  possibly  to  a  semi-coagidation  of  the  nervous  substance  (?).  They  may  also 
act  partly  by  influencing  the  giving  oflf  of  heat  (§  214,  II.).  Other  poisons 
increase  the  tcnqyerature  for  opposite  reasons. 

The  temperature  is  IncreaBed  by  strychnin,  nicotin,  picrotoxin,  veratrin,  laudanin. 

(7)  Various  diseasea  diminish  the  temperature,  whicn  may  be  due  either  to  lessened  produc- 
tion of  heat  (diminution  of  the  metabolism),  or  to  iucrea.sed  exj)enditure  of  heat.  Ix)cwenhardt 
found  that  in  paralytics  and  in  insane  persons,  several  weeks  before  their  death,  the  rectal 
temperature  was  80**  to  31**  C,  in  diabetes  80**  C.  or  less  ;  the  lowest  temperature  observed  and 
life  retained  in  a  drunk  person  was  24**  C. 

The  temperature  is  increased  in /a'er,  and  the  highest  point  reached  just  before  death,  and 
reconled  by  Wunderlich,  was  44*65'*  C.  (compare  §  220). 

214.  BEGULATION  OF  THE  TEMPERATUEE.— As  the  bodUy  temperature 
of  man  and  similar  animals  is  nearly  constant,  notwithstanding  great  variations  in 
the  temperature  of  their  surroundings,  it  is  clear  that  some  mechanism  must  exist 
in  the  body,  whereby  the  heat  economy  is  constantly  regulated.  This  may  he 
brought  about  in  two  ways ;  either  by  controlling  the  transformation  of  potential 
energy  into  heat,  or  by  affecting  the  amount  of  heat  given  off  according  to  the 
amount  produced,  or  to  the  action  of  external  agencies. 

[The  constancy  or  thermostatic  condition  of  the  temperature  is  brought  about  by 
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three  co-operant  factors,  the  thermogenic  or  lieat-producing,  the  thermolytic  or 
heat-discharging,  and  the  thermotazic  or  mechanisn  by  which  heat-production  and 
lieat-loss  are  balanced,  and  it  is  obvious  that  the  last  must  be  in  relation  with  the 
other  two.  The  thermotaxic  mechanism  is  developed  last,  is  least  pronounced  in 
the  lower  vertebra ta,  and  is  most  easily  liable  to  fail  under  injury  or  disease 
{Mac A  lister). ^ 

I.  Begnlafory  Arrangements  governing  the  Production  of  Heat. — Lieber- 
meister  estimated  the  amount  of  heat  produced  by  a  healthy  man  at  1*8  calories, 
I.e.,  the  kilo  unit,  per  minute.  It  is  highly  probable  that,  within  the  body,  there 
exist  mechanisms  which  determine  the  molecular  transformations,  upon  which  the 
evolution  of  heat  depends.  This  is  accomplished  cliiefly  in  a  reflex  manner.  The 
peripheral  ends  of  cutaneous  nerves  (by  thermal  stimulation),  or  the  nerves  of  the 
intestine  and  the  digestive  glands  (by  mechanical  or  chemical  stimulation  during 
digestion  or  inanition),  may  be  irritated,  whereby  impressions  are  conveyed  to  the 
heat-centre,  which  sends  out  impulses  through  efferent  fibres  to  the  depots  of 
potential  energy,  either  to  increase  or  diminish  the  extent  of  the  transformations 
occurring  in  them.  The  nerve-channels  herein  concerned  are  entirely  unknown. 
Many  considerations,  however,  go  to  support  such  an  hypothesis  (§  377). 

[Thermotaxic  Mechanism,  Thermal  Nerves  and  Centres. —Just  as  the  respiration  and  the 
state  of  the  blood-vessels  are  regulated  from  a  central  focus,  so  the  question  arises,  Does  the 
same  obtain  with  regard  to  temperatures  ?  Studying  this  question,  however,  it  must  be  borne 
in  mind  that  thermometric  observations  alone  are  not  sufficient ;  the  true  test  must  be  calori- 
metric.  Sir  Benjamin  Brodie  observed  that  in  a  case  of  injury  of  the  spinal  cord  in  the  neck 
the  temperature  in  the  thigh  rose  very  high.  In  some  cases  the  temperature  falls.  Wood  has 
shown  that  section  of  the  cord  above  the  origin  of  the  splanchnics  leads  to  decided  increase  in  the 
amount  of  heat  dissipated,  but  to  a  decided  diminution  of  heat-production.  The  vaso-motor 
paralysis  has  much  to  do  in  these  cases  with  the  loss  of  heat.  In  warm-blooded  animals, 
exposed  to  a  high  temi>erature,  the  heat-production  is  diminished,  but  when  they  are  exposed 
to  a  low  temperature  it  is  increased.  If  a  warm-blooded  animal's  medulla  oblongata  be  divided, 
there  is  a  fall  of  temperature,  chiefly  due  to  vaso-motor  jmralysis,  and  such  an  animal  behaves, 
as  regards  the  effect  of  iieat  and  cold,  exactly  like  a  poikilothermal  animal,  i.e.,  its  metabolism 
and  heat-production  are  increased  by  cold  and  diminished  by  heat.  If,  however,  the  incision 
be  made  above  the  i)ons,  so  as  to  leave  the  vaso-nxotor  centre  intact  in  the  dog,  there  is  a  rise  of 
the  temperature  and  increased  heat-production  for  24  hours  afterwards.  This  suggests  the  idea 
that  this  region  is  traversed  by  inhibitory  nerves,  so  that  when  they  ai-e  cut  off  from  their  centres 
situate  above,  the  au^mentor  nerves  can  act  more  vigorously.  This  suggests  the  existence  of 
thermo-inhil)itory  centres  situate  hij^her  up  in  the  brain.  If  an  animal  oe  curarised,  not  only 
is  there  paralysis  of  voluntary  motor  acts,  but  on  stimulating  an  oi*dinary  motor  nerve*,  not 
only  is  there  no  muscular  contraction,  but  there  is  nojfise  of  tem))erature  of  the  nuiscles  supplied 
by  that  nerve.  In  such  an  animal  the  temjierature  rises  and  falls  with  the  temperature  of  the 
surrounding  medium.  Even  although  the  respirations  be  kei)t  constant  and  the  vaso-motor 
nerves  intact,  the  thermogenic  activity  of  muscles,  therefore,  seems  to  l)e  dependent  on  their 
innervation.] 

[Cerebral  Centres. — Aj^rt  from  the  cortical  heat  centres  (§  377),  Ott,  Aronsolin,  Sachs, 
Richet,  and  others  have  shown  that  if  a  needle  be  thrust  through  the  skull  and  brain,  so  as 
to  injure  certain  deeper-seated  parts,  there  is  a  rise  of  temperature  and  increased  heat-prodac- 
tion  for  several  hours.  The  exi>eriment  may  be  rci)eated  several  times  in  the  same  rabbit  Ott 
gives  three  areas  which,  when  so  injured,  cause  the.KC  effects— (1)  a  part  of  the  brain  in  the 
median  side  of  the  corpus  striatum,  and  near  the  nodus  cursorius ;  (2)  a  part  between  the  corpus 
striatum  and  the  optic  thalamus  ;  and  (3)  the  anterior  end  of  the  optic  thalamus  itself.  From 
the  effect  of  atro})in,  Ott  suggests  the  existence  of  spinal  centres  as  well.] 

Begulatory  Mechanisms. — The  following  phenomena  indicate  the  existence  of 
mechanisms  regulating  the  production  of  heut : — 

(1)  The  tompomry  application  of  moderate  cold  raises  the  bodily  temperatiire, 
while  heat,  similarly  applied  to  the  external  surface,  lowers  it  (§§  222  and  224). 

(2)  Cooling  of  the  surroundings  increases  the  amount  of  COg  excreted,  by  in- 
creasing the  production  of  heat,  while  the  0  consumed  is  also  increased  simul- 
taneously; heating  the  surrounding  medium  diminishes  the  COj  (S  126,  5). 

D.  Finkler  found,  from  experiments  upon  guinea-pigs,  that  the  production  of  heat  was  more 
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than  doubled  when  the  sun*ouiiding  temperature  was  diminished  24°  C.  The  metabolism  of  the 
guinea-pig  is  increased  in  winter  23  per  cent  as  compared  with  summer,  so  that  the  same  rela- 
tion obtains  as  in  the  cose  of  the  diminution  of  the  surrounding' temperature  of  short  duration. 

C.  Ludwig  and  Sanders- Ezn  found  that  in  a  rabbit  there  was  a  rapid  increase  in  the  amount 
of  COj  given  off,  when  the  surroundings  were  cooled  from  38"  to  6*  or  7"  C. ;  while  the  excre- 
tion was  diminished  when  the  surrounding  temperature  was  raised  from  4° -9"  to  36**  — 37**,  so 
that  the  thermal  stimulation,  due  to  the  temperature  of  the  surrounding  medium,  acted  upon 
the  combustion  within  tlie  body.  Pfliiger  found  that  a  rabbit  which  was  dipped  in  cold  water 
used  more  0  and  excreted  more  CO,. 

If  the  cooling  action  was  so  great  as  to  reduce  the  bodily  temperature  to  30**,  the  exchange  of 
gases  diminished,  and  where  the  temi)erature  fell  to  20"*,  the  exchange  of  cases  was  diminished 
one-lialf.  It  is  to  be  remembered,  however,  that  the  excretion  of  CO^,  does  not  go  hand  in 
hand  with  the  fonnation  of  CO.j.  If  mammals  be  placed  in  a  'ioarni  bath,  which  is  2°  to  3** 
higher  than  their  own  temperature,  the  excretion  of  CO2  and  the  consumption  of  0  are  increased 
owing  to  the  stimulation  of  their  metabolism,  while  the  excretion  of  urea  is  also  increased  in 
animals  and  in  man  (§  126,  5). 

(3)  Cold  acting  upon  the  skin  causes  involuntary  muBcnlar  movements 
(shivering,  rigors),  and  also  volmitary  movements,  both  of  which  produce  heat. 

The  cold  excites  the  action  of  the  muscles,  which  is  connected  with  processes  of  oxidation 
{PjlUger),  After  }K)isoning  with  curare,  which  paralyses  voluntary  motion,  this  regulation  of 
the  heat  falls  to  a  minimum  {Rbhrig  and  ZtuUz),  [so  that  the  bodily  temperature  rises  and  falls 
with  a  rise  or  fall  in  the  temperature  of  the  surrounding  medium]. 

(4)  Variations  in  the  temperatm'e  of  the  surroundings  afifect  the  appetite 
for  food  ;  in  winter,  and  in  cold  regions,  tlie  sensation  of  hunger  and  the  appetite 
for  the  fats,  or  sucli  substances  as  yield  much  heat  when  they  are  oxidised,  are 
increased  ;  in  summer,  and  in  hot  climates,  tliey  are  diminished.  Thus  tlie  mean 
temperature  of  the  surroundings,  to  a  certain  extent,  determines  the  amount  of 
the  heat-producing  substances  to  be  taken  in  the  food. 

II.  Begulatory  Mechanisms  governing  the  Excretion  of  Heat  or  Thermolysis. 
— The  mean  amount  of  heat  given  off  by  the  human  skin  in  twenty-four  hours,  by 
a  man  weighing  82  kilo?,  is  2092  to  2952  calories,  i.e.,  1-36  to  1*60  per  minute. 

[Badiation  from  the  Skin.— The  real  radiating  surface  in  man  under  ordinary  conditions  is 
the  surface  of  the  clothes,  and  only  to  a, comparatively  small  extent  the  skm.  -  In  warm- 
blooded animals  it  is  not  the  iiake<l  epidermis  but  the  surface  of  the  hair  or  feathers.  The 
amount  of  radiation  from  this  smfacc  dci>ends  (1)  on  the  difference  between  its  temi)erature 
and  that  of  the  surroundings,  and  (2)  ou  its  co-etticieut  of  emission.  G.  X.  Stewart  has  compared 
the  influence  of  these  two  factors  for  the  himian  skin  by  measuring  simultaneously  the  temper- 
ature of  the  skin  and  the  amount  of  heat  radiated  from  it.  Both  measurements  were  made  by 
the  electrical  method  with  lead  paj^er  giatings.  The  co-efficient  of  emission  was  not  found  to 
vai-y  much  under  the  conditions  of  the  experiments,  the  chief  factor  in  determining  the  amount 
of  radiation  being  the  temjierature  difference.  Masje,  however,  has  stated  that  when  a  large 
part  of  the  body  is  *strip^)ed  in  a  cold  atniospliere  the  radiation  from  the  skin  is  increased, 
although  its  temperature  is  lowered.  The  ellVct  of  replacing  the  nonnal  radiating  surface  by  one 
of  higher  temperature  is  well  seen  when  the  hair  is  extensively  removed  from  a  rabbit  or  a 
guinea-pig,  and  the  animal  is  preventetl  from  covering  itself.  Even  in  warm  summer  weather 
the  animal  may  die  in  as  short  a  time  as  twenty  houi*s  {G.  N.  Stcirarl).] 

(1)  Heat  causes  dilatation  of  the  cutaneous  vessels;  the  skin  becomes  red, 
congested,  and  soft ;  it  cont^xins  more  fluids,  and  becomes  a  better  conductor  of 
heat;  the  epithelium  is  moistened,  and  sweat  appears  upon  the  surface.  Thus 
increased  excretion  of  heat  is  provided  for,  while  the  evaporation  of  the  sweat  also 
al)stracts  heat.  , 

The  amount  of  heat  necessary  to  convert  into  vapour  1  grm.  of  water  at  100**  C.  is  equal  to 
that  required  to  heat  10  gi-ms.  from  0"  to  53 '67**  C.  The  sweat  as  seci-eted  is  at  the  temperature 
of  the  oodv  ;  if  it  were  completely  changed  into  vajwur,  it  would  require  the  heat  necessary  to 
raise  it  to  the  boiling  point,  and  also  that  necessary  to  convert  it  into  vapour. 

Gold  causes  contraction  of  the  cutaneous  vessels ;  the  skin  becomes  jmle,  less 
soft,  poorer  in  juices,  and  collai)sed ;  the  ei)ithelium  becomes  dry,  and  does  not 
permit  fluids  to  pass  through  it  to  be  evaporated,  so  that  the  excretion  of  heat  is 
tliminished.     The  ejrcrdion  of  hnat  from  the  periphery,  and  the  transverse  thei*mal 
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conduction  through  the  skin,  are  diminished  by  tlie  contraction  of  the  vessels  and 
muscles  of  the  skin,  and  hy  the  expulsion  of  the  well-conducting  blood  from  tlie 
cutaneous  and  subcutaneous  vessels.  The  cooling  of  the  body  is  very  much  affected, 
owing  to  the  diminution  of  the  cutaneous  blood-stream,  just  as  occurs  when  the 
current  through  a  coil  or  worm  of  a  distillation  apparatus  is  greatly  diminished. 
If  the  blood-vessels  dilate,  the  temi^rature  of  the  surface  of  the  body  rises,  the 
difference  of  temperature  between  it  and  the  surrounding  cooler  medium  is  increased, 
and  thus  the  excretion  of  heat  is  increased.  Tomsa  has  shown  that  the  fibres  of 
the  skin  are  so  arranged  anatomically,  that  the  tension  of  the  fibres  produced  by 
the  erector  pili  muscles  causes  a  diminution  in  the  thickness  of  the  skin,  this  result 
being  brought  about  at  the  expense  of  the  easily  expelled  blood. 

By  the  systematic  application  of  stimuli,  e,g,,  cold  baths,  and  washing  with  cold  water,  the 
muscles  of  the  skiu  and  its  blood-vessels  may  be  caused  to  contract,  and  become  so  vigoi-ous  and 
excitable  that  when  cold  is  suddenly  applied  to  the  body,  or  to  a  part  of  it,  the  excretion  of 
heat  is  energetically  prevented,  so  that  cold  baths  and  washing  with  cold  water  are,  to  a  certain 
extent,  "gymnastics  of  the  cutaneous  muscles,"  which,  under  the  above  circumstances,  protect 
the  body  from  cold. 

(2)  Increased  temperature  causes  increased  heart-beats,  while  diminished 
temperature  diminishes  the  number  of  contractions  of  the  heart  (§  58,  II.,  a). 

The  relatively  wann  blood  is  i)umped  by  the  action  of  the  heart  from  the  internal 
organs  of  the  body  to  the  surface  of  the  skin,  where  it  readily  gives  off  heat.  The 
more  frequently  the  same  volume  of  blood  passes  through  the  skin — twenty- seven 
heart-beats  being  necessary  for  the  complete  circuit  of  the  bloo<l — the  greater  Avill 
be  the  amount  of  heat  given  off,  and  conversely.  Hence,  the  frequency  of  the 
heart-beat  is  in  direct  relation  to  the  rapidity  of  cooling.  In  very  hot  air  (over 
100"  C.)  the  pulse  rises  to  over  160  per  minute.  The  same  is  tnie  in  fever  (§  70, 
3,  c).     Licbermeister  gives  the  following  num])ers  in  an  adult : — 


Pulse-beats,  per  min., 

78-6 

91-2 

99-8 

108-5 

110 

137-6 

Temperature  in  C, 

37*' 

88** 

39** 

40^ 

41" 

42*' 

(3)  Increased  Temperature  increases  the  Number  of  Respirations. — Under 
ordinary  circumstances,  a  much  larger  volume  of  air  i)asses  through  the  lungs 
when  it  is  warmed  almost  to  the  temperature  of  the  body.  Further,  a  certain 
amount  of  watery  vapour  is  given  off  with  each  expiration,  which  must  be 
evaporated,  thus  abstracting  heat.  Energetic  respiration  aids  the  circulation,  so 
that  respiration  acts  indirectly  in  the  same  way  as  (2).  According  to  other 
observers,  the  increased  consumption  of  O  favours  the  combustion  in  the  body, 
whereby  the  increased  resjnration  nnist  act  in  producing  an  amount  of  heat  greater 
than  normal  (§  126,  8).  This  excess  is  more  than  comi)ensated  for  by  the  cooling 
factors  above  mentioned.  Forced  resj)iration  produces  cooling,  even  when  the  air 
breathed  is  heated  to  54°  C,  and  saturated  with  watery  vapour. 

(4)  Covering  of  the  body. — Animals  Ixjcome  clothed  in  winter  with  a  winter 
fur  or  covering,  while  in  summer  their  covering  is  lighter,  so  that  the  excretion  of 
heat  in  surroundings  of  different  temj^eratures  is  thereby  rendered  more  constant. 

Many  animals  which  live  in  very  cold  air  or  water  (whale)  are  protected  from 
too  rai)id  excretion  of  heat  by  a  thick  layer  of  fat  under  the  skin.  Man  provides 
for  a  similar  result  by  adopting  summer  and  winter  clothing. 

(5)  The  position  of  the  body  is  also  important  ;  pulling  the  parts  of  tlie  body 
together,  approximation  of  the  head  and  lim]>s,  keep  in  the  heat ;  spreading  out 
the  limbs,  erection  of  the  hairs,  pluming  the  feathers,  allow  more  heat  to  l)e  evolved. 
If  a  rabbit  be  kept  exposed  to  the  air  with  its  legs  extended  for  three  hours,  the 
rectal  temperature  will  fall  from  39**  C.  to  37*  C.  Man  may  influence  his 
temperature  by  remaining  in  a  warm  or  a  cold  room — ])y  taking  hot  or  cold 
drinks,  hot  or  cold  Imths — remaining  in  air  at  rest  or  air  in  motion,  e.g,y  by  using 
a  fan. 
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CLOTHINO.— Wann  Olothing  is  the  Equivalent  of  Food.— As  clothes  ai*e  intended  to  keep 
in  the  heat  of  the  body,  and  heat  is  produced  by  the  combustion  and  oxidation  of  the  food,  we 
may  say  the  body  takes  in  heat  directly  in  the  food,  while  clothing  prevents  it  from  giving 
off  too  much  heat.  Summer  clothes  wei^h  3  to  4  kilos.,  and  winter  ones  6  to  7  kilos. 
In  connection  with  clothes,  the  following  considerations  are  of  importance  : — 
(1)  Their  capacity  for  condudioiu — Those  substances  which  conduct  heat  badly  keep  us 
warmest.  Hare-skin,  down,  beaver-skin,  raw  silk,  tatfeta,  sheep's  wool,  cotton  wool,  flax,  spun- 
silk,  are  given  in  order,  from  the  worst  to  the  best  conductors.  (2)  The  capacity  for  radiation, 
— Coarse  materials  radiate  more  heat  than  smooth,  but  colour  has  no  effect.  (3)  Relation  to  the 
sun* 8  ray«.— Dark  materials  absorb  more  heat  than  light-coloured  ones.  (4)  Their  hygroscopic 
properties  are  important,  whether  they  can  absorb  much  moisture  from  the  skin  and  graduuUv 
give  it  off  by  evaporation,  or  the  reverse.  The  same  weight  of  wool  takes  up  twice  as  much 
as  linen  ;  hence  the  latter  gives  it  off  in  evaporation  more  rapidly.  Flannel  next  the  skin  is 
not  so  easily  moistened,  nor  does  it  so  rapidfy  become  cold  by  evaporation  ;  hence  it  protects 
against  the  action  of  cold.  (5)  The  permeability  for  air  is  of  importance,  but  does  not  stand 
in  relation  with  the  heat-conducting  capacity.  The  following  substances  arc  arranged  in  order 
from  the  most  to  the  least  permeable— flannel,  buck-skin,  linen,  silk,  leather,  waxcloth. 

215.  HEAT-BALANCE. — As  the  temperature  of  the  boily  is  maintained 
\vithin  narrow  limits,  the  amount  of  heat  taken  in  must  balance  the  heat  given  ofif, 
i.e.f  exactly  the  same  amount  of  potential  energy  must  be  transfonned  in  a  given 
time  into  heat,  as  heat  is  given  off  from  the  body.  An  adult  produces  as  mucli 
heat  in  half  an  hour  as  will  raise  the  temperature  of  his  body  T  C.  If  no  heat 
were  given  off,  the  body  would  become  very  liot  in  a  short  time  ;  it  would  reach 
the  boiling  point  in  thirty-six  hours,  supposing  the  production  of  heat  continued 
uninterruptedly.  The  following  are  the  most  imjwrtant  calculations  on  the 
subject : — 

A.  Helxoholtz  was  the  first  to  estimate  numerically  the  amount  of  heat  produced  by  a 
man: — 

(1)  Heat-income. — {a)  A  healthy  adult,  weighing  82  kilos.,  expires  in 

twenty-four  hours  878-4  grms.  CO,  {Scharliiig).     The  combustion 

of  the  C  therein  into  CO,  produces 1,730,760  cal. 

(6)  But  he  takes  in  more  0  than  reappears  in  the  CO^ ;  the  excess  is 
used  in  oxidation-processes,  e.g.^  for  the  formation  of  H-O,  by 
union  with  H,  so  that  13-615  grnis.  H  will  be  oxidised  by  the 
excess  of  0,  which  gives 318,600    ,, 

2,049,360  cal. 
(c)  About  25  per  cent,  of  the  heat  must  he  referred  to  sources  other 

than  combustion  (Z>iJ(wigr),  so  that  the  total        ....    -2,732,000  ,, 

2,732,000  calories  are  actually  sufficient  to  raise  the  temperature  of  an  adult,  weighing 
80  to  90  kilos.,  from  10"  to  38*  or  39"*  C,  /.c,  to  a  normal  temperature. 

(2)  Heat-expenditure. — {a)  Heating  the  food  and  drink,  which 

have  a  mean  temperature  of  12"  C.        .         .         .  70,157  cal.—   2*6  per  cent. 

(6)  Heating  the  air  respired  — 16,400  grms.  with  an  initial 

temperature  of  20**  C. 70,032   ,,    •=  26       ,, 

( When  the  temperature  of  the  air  is  0**,  140,064  cal.  —  5*2  2^>'  cent. ) 
(c)  Evaporation  of  656  grms.  water  by  the  lungs,    .         .         397,536   ,,    -=14*7       ., 
{(l)  The  remainder  given  off  by  radiation  and  evaj>oration  of 

water  by  the  skin, (77'6iwr  cc>i/.  to)-80'l       ,, 

B.  nalong. — (1)  Heat-income. — Dulongand  others  sought  to  estimat4'.  the  amount  of  heat 
from  the  C  and  H  contained  in  the  food.  As  we  know  that  the  combustion  of  1  grm.  C-8040 
heat-units,  and  1  grm.  H  — 34,460  heat-units,  it  would  be  easy  to  determine  the  amount  of  heat 
were  the  C  simply  converted  into  CO-  and  the  H  into  H,0.  But  Dulong  omitted  the  H  in  the 
carbohydrates  {e.g.y  grape-sugar— C0H13O0)  as  pi-oducing  heat,  because  the  H  is  already  com- 
bined with  0,  or  at  least  is  present  in  the  projiortion  in  which  it  exists  in  water.  This  assump- 
tion is  hyi>othetical,  for  the  atoms  of  C  in  a  carbohydrate  may  be  so  firmly  united  to  the  other 
atoms,  that  before  oxidation  can  take  place  their  relations  must  be  altered,  so  that  potential  energy 
is  used  u}),  i.^.,  heat  must  be  rendered  latent ;  so  that  these  considerations  rendered  the  following 
example  of  Dulong's  metho<l  given  by  Vierordt  very  problemati(!al : — 

An  adult  eats  in  twenty-four  hours  120  grms.  pVoteids,  90  grms.  fat,  and  340  grms.  starch 
(carbohydrates).    These  contain  :— 
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Proteids,  1 20  grras.  contaiu       64-18  C.  and    S-iJO  H. 

Fat,  .  .  .  .  90     „  „  70-20        „     10*26 

Starch,  340     „  ,,  146-82 

281-20  and      1886 
The  urine  and  faeces  contain  still  unconsnmed,    .  .    29*8      ,,  6*3 


Remainder  to  be  burned,  .  .  .  251-4    and      12-56 

As  1  grm.  C-8040  heat-units  and  1  grm.  H-34,460  heat-units,  we  have  the  following  cal- 
culation : — 

251  -4     X     8,040  -  2,081,312  (from  combustion  of  C). 
12-56    X   34,460-     432,818  (     „  „  H). 


2,464,130  heat-units. 
(2)  Heat-Expenditure:— 


He.t.»n«^    JTeSS^' 


1.  1900  grins,  are  excreted  daily  by  the  urine  and  faeces,  and  they 

are  25"  warmer  than  the  food,     .....  47,500          1-9 

2.  13,000  grm s.  air  are  heated  (from  1-2"  to  37*  G.)  (lieat-cai»acity 

of  the  air -0-26),             ......  84,500          8*38 

3.  330  grms.  water  are  evaporated  by  the  respiration  (1  grm. -=582 

heat-units),         .......  19*2,060          7*68 

4.  660  grms.  water  are  evaporated  from  the  skin,                               .  384,120        15*37 

Total, 708,180 

Remainder  radiated  and  conducted  from  the  skin,          .            .  1,791,820        71*67 


Total  amount  of  heat-units  given  off,  .2,500,000        100*00 

C.  Heat-income.  — Frankland  burned  the  food  directly  in  a  calorimeter,  and  found  that  1 
grm.  of  the  following  substances  yiejded  : — 

Albumin,  1  grm. ,       .  4998  heat-units. 

Grape-sugar,  1  gnn.,  3217         ,, 

Ox /at,  I  grm.,  ....  9069 

The  all)umiii,  however,  is  only  oxidised  to  the  stage  of  urea,  hence  the  heat-units  of  urea 
must  be  deducted  from  4998,  which  gives  4263  heat-units  obtainable  from  1  grm.  albumin. 
When  we  know  the  niunber  of  grams  consumed,  a  simple  multiplication  gives  the  number  of 
heat-units. 

The  heat-units  will  vary,  of  course,  with  the  nature  of  the  food.  J.  Ranke  gives  the  fol- 
lowing : — 

With  animal  diet,  ....  2,779,524  heat-units. 

,,     food  free  from  N,    ....  2,059,506         „ 

,,     mixed  diet,  ....  -2,200,000         ,, 

,,     during  hunger,       ....  2,012,816         „ 

216.  VARIATIONS  IN  HEAT-PBODUCTION.— (1)  Influence  of  Bodily  Surface.— Rubner 

found  that  the  production  of  heat  depended  more  ujwn  the  size  of  the  body  and  its  superficial 
area  than  u]k>ii  the  body-weight.  Small  or  young  animals  have  a  relativelv  larger  surface  than 
large  or  older  one^,  and  as  the  removal  of  heat  takes  place  chiefly  from  the  external  surface, 
animals  with  a  larger  surface  must  produce  more  heat.  Small  animals  use  relatively  more  O. 
Rubner's  investigations  on  dogs  of  different  size  gave  a  heat-production  of  1,143,000  calories  for 
every  wjuare  metre  of  cutaneous  surface.  On  comimring  the  body-weight  with  the  cutaneoue 
surface  in  different  animals,  he  found  that  for  every  1  kilo,  of  body-weight  there  was  in  the  rat 
1650,  rabbit  946,  man  287  square  centimetres  of  siu-face. 

(2)  Age  and  Sex.— The  heat-production  is  less  in  infancy  and  in  old  age,  and  it  is  less  in 
proportion  in  the  female  than  in  the  male. 

(3)  Daily  Variation. — The  heat-production  shows  variations  in  twenty-four  hours  correspond- 
ing with  the  temperature  of  the  body  (§  213,  4). 

(4)  The  heat- production  is  greater  in  the  waking  condition,  during  physical  and  mental 
exertion,  and  during  digestion,  than  in  the  o]>i>osite  conditions. 

217.  EELATION    OF    HEAT-PEODUCTION    TO   WORK.— The  potential 

energy  supplied  to  the  body  may  be  transformed  into  heat  and  various  other 
forms  of  kinetic  energy  (see  Introdudion),  In  the  resting  condition,  almost 
all  the  potential  energ}'  is  changed  into  heat ;  the  workman,  however,  transfonus 
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potential  energy  into  work — mechanical  work — in  addition  to  heat.  These  two 
may  be  compared  by  using  an  equivalent  measurement,  thus,  1  heat-unit  (energy 
rc(iiiired  to  raise  1  gram  of  water  1**  C.)  =  425*5  grammetres. 

Belation  of  Heat  to  Work.— The  following  example  may  serve  to  illustrate  the  relation 
between  heat- production  and  the  production  of  work : — Suppose  a  small  steam-engine  to  be 
placed  within  a  capacious  calorimeter,  and  a  certain  quantity  of  coal  to  he  burned,  then  as  long 
as  the  engine  does  not  i)erform  any  mechanical  work,  heat  alone  is  produced  by  the  burning  of 
the  coal.  Let  this  amount  of  heat  be  estimated,  and  a  second  experiment  made  by  burning  the 
same  amount  of  coal,  but  allow  the  engine  to  do  a  certain  amount  of  work — say,  raise  a  weight 
— by  a  suitable  arrangement  This  work  must,  of  course,  be  accomplished  by  the  potential 
enerey  of  the  heating  material.  At  the  end  of  this  experiment,  the  temperature  of  the  water 
will  be  much  less  than  in  the  first  experiment,  i.e.,  fewer  heat-units  have  been  transferred  to  the 
calorimeter  when  the  engine  was  heated  than  when  it  did  no  work.  Comparative  experiments 
of  this  nature  have  shown  that  in  the  second  experiment  the  useful  work  is  very  nearly  pro* 
portional  to  the  decrease  of  the  heat  {Hiiti), 

Compare  this  with  what  happens  within  the  body  : — A  man  in  a  passiye 
condition  forms  from  the  potential  energy  of  the  food  between  2 J  to  2 J  million 
c<ilories.  The  work  done  by  a  workman  is  reckoned  at  30,000  kilogrammetres 
(§  300). 

If  the  organism  were  precisely  similar  to  a  machine,  a  smaller  amount  of  heat, 
corresponding  to  the  work  done,  would  be  formed  in  the  body.  As  a  matter  of 
fact,  the  organism  produces  less  heat  from  the  same  amount  of  i)otential  energy 
when  mechanical  work  is  done.  There  is  one  point  of  difference  between  a 
workman  and  a  working  machine.  The  workman  consumes  much  more  potential 
energy  in  the  same  time  than  a  passive  person ;  much  more  is  transformed  in  his 
IxKly ;  and  hence  the  increased  con8umi)tion  is  not  only  covered,  but  even  over- 
compensated.  Hence,  the  workman  is  warmer  than  the  passive  person,  owing  to 
the  increased  muscular  activity  (§210,  1,  b).  Take  aii  example  : — Hirn  remained 
pcuisive,  and  absorbed  30  grms.'O  per  hour  in  a  calorimeter,  and  produced  155 
calories.  When  in  tlie  calorimeter  he  did  work  equal  to  27,450  kilogrammetres, 
which  was  transferred  beyond  it;  he  absorbed  132  grms.  O,  and  produced  only 
251  calories. 

In  estimating  the  work  done,  we  must  include  only  the  heat-equivalent  of  the  work  transferred 
beyond  the  body;  lifting  weiglits,  pushing  anything,  throwing  a  weight,  and  lifting  the  body, 
arc  examples.  In  ordinary  walking  we  must  take  into  account  that  we  overcome  the  resistance 
of  the  air  and  activity  of  the  muscles. 

The  organism  is  superior  to  a  machine  in  as  far  as  it  can,  from  the  same  amount 
of  potential  energy,  produce  more  work  in  i)roportion  to  heat.  W^iilst  the  very 
best  steam-engine  gives  ^  of  the  potential  energy  in,  the  form  of  work,  and  J  as 
heat,  the  bo<ly  produces  ^  as  work  and  ^  as  heat.  Chemical  eiwrf/y  can  never  do 
work  alone,  in  a  living  or  dead  motor,  without  heat  hcmg  formed  at  the  same 
time. 

218.  ACCOMMODATION  FOE  VAEYING  TEMPEEATUfiES.— All  sub- 
stances which  possess  high  conductivity  for  heat,  when  brought  into^contact  with 
the  skin,  appear  to  be  very  much  colder  or  hotter  than  bad  conductors  of  heat.  The 
reason  of  this  is  that  these  bodies  abstract  far  more  heat,  or  conduct  more  heat 
than  other  bodies.  Thus  the  water  of  a  cool  bath,  being  a  better  conductor  of 
heat,  is  always  thought  to  be  cold(;r  than  air  at  the  same  temperature.  In  our 
climate  it  appears  to  us  that — 

Air,  at  18**  C.  is  moderately  warm  ;         I  Water,  at  18**  C.  is  cold  ; 
„    at  25^-28^  C,  hot ;  „      from  18''-29''  C,  cool ; 

,,    above  28^  very  hot.  „         „     29°-85''  C,  warm  ; 

I  ,,        ,,     37 'S**  and  above,  hot. 

Warm  Media. — As  long  as  the  temperature  of  the  body  is  higher  than  that  of 
the  surroimding  medium,  heat  is  given  off,  and  that  the  more  rapidly  the  better 
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the  conducting  iK)wer  of  the  surrounding  medium.  As  soon  as  the  temperature  of 
the  surrounding  medimn  rises  higher  than  the  temperature  of  the  body,  the  latter 
absorbs  heat,  and  it  does  so  the  more  rapidly  the  better  the  conducting  power  of 
the  medium.  Hence  hot  water  appears  to  be  warmer  than  air  at  the  same  temper- 
ature. A  person  may  remain  eight  minutes  in  a  bath  at  45*5'*  C.  (dangerous  to 
life  ! ) ;  the  hands  may  be  plunged  into  water  at  50*5°  C,  but  not  at  51*65%  while 
at  60**  violent  pain  is  produced. 

A  person  may  remain  for  eight  minutes  in  hot  air  at  127°  C,  and  a  temperature 
of  132''  C.  has  been  borne  for  ten  minutes,  and  yet  the  body  temperature  rises  only 
to  38*6"  or  38  •9\  This  depends  upon  the  air  being  a  bad  conductor,  and  thus  it 
gives  less  heat  to  the  body  than  water  would  do.  Further,  and  what  is  more 
important,  the  skin  becomes  covered  with  sweat,  which  evaporates  and  abstracts 
heat,  while  the  lungs  also  give  off  more  watery  vapour.  The  enormously  increased 
heart-beats — over  160 — and  the  dilated  blood-vessels,  enable  the  skin  to  obtain  an 
ample  supply  of  blood  for  the  formation  and  evaporation  of  sweat.  In  proportion 
as  the  secretion  of  sweat  diminishes,  the  body  becomes  unable  to  endure  a  hot 
atmosphere  ;  hence  it  is  that  in  air  containing  muck  watery  vajwur  a  person  cannot 
endure  nearly  so  high  a  temperature  as  in  dry  air,  so  that  heat  must  accumulate  in 
the  body.  In  a  Turkish  vai)our-bath  of  53**  to  60**  C,  the  rectal  temi)erature  rises 
to  40*7*'  or  41*6"  C.  A  person  may  work  continuously  in  air  at  31"  C.  which  is 
almost  saturated  with  moisture. 

If  a  person  \)e  placed  in  water  at  the  temperature  of  the  body,  the  normal 
temperature  rises  T  C.  in  one  hour,  and  in  li  hour  about  2**  C.  A  gradual 
increase  of  the  temperature  from  38*6"  to  40*2°  (J.  causes  the  axillary  temperature 
to  rise  to  39*0°  within  fifteen  minutes. 

219.  STOEAGE  OF  HEAT.— As  the  uniform  temperature  of  the  body,  under 
nonnal  circumstances,  is  due  to  the  reciprocal  relation  between  the  amount  of  heat 
produced  and  the  amount  given  off,  it  is  clear  that  heat  must  be  stored  up  in  the 
body  when  the  evolution  of  heat  is  diminished.  The  skin  is  the  chief  organ 
regulating  the  evolution  of  heat ;  when  it  and  its  blood-vessels  contract,  the  heat 
evolved  is  diminished  ;  when  they  dilate,  it  is  increased.  Heat  may  be  stored  up 
when — 

(a)  The  skin  is  extensively  stimulated ^  whereby  the  cutaneous  vessels  are  temporarily  con- 
tracted, {b)  Any  otl»er  circumstances  preventing  heat  from  being  given  off  by  the  akin,  (c) 
When  the  vaso-motor  centre  is  cjccit^d,  causing  all  the  blood-vessels  of  the  body — those  of  the 
skin  included — to  contract.  This  seems  to  be  the  cause  of  the  rise  of  tem|)erature  after  trans- 
fusion of  blood,  and  the  rise  of  temperature  after  the  sudtien  removal  of 'icaUr  from  the  body 
seems  to  admit  of  a  similar  explanation,  as  the  inspissated  blood  occupies  less  space,  and  the 
contracted  vessels  of  the  skin  admit  less  blood,  (rf)  When  the  circulation  in  tlie  cutaneous 
vessels  of  a  large  area  is  mechanic^ally  slowed,  or  wlien  the  smaller  vessels  are  plugged  by  the 
injection  of  some  sticky  substance,  or  by  the  transfusion  of  foreign  blood,  the'  temperature  rises 
(§  102). 

It  is  also  obvious  that  when  a  normal  amount  of  heat  is  given  off,  an  increased 
production  of  heat  must  raise  the  temperature.  The  rise  of  the  temperature  after 
muscular  or  mental  exertion,  and  during  digestion,  seems  to  be  caused  in  this  way. 
The  rise  which  occurs  several  hours  after  a  cold  bath  is  probably  due  to  the  reflex 
excitement  of  the  skin  causing  an  increased  production  (Jiirr/ensen), 

When  the  temperature  of  the  body,  as  a  whole,  is  raised  6"  C,  death  takes  place, 
as  in  sunstroke.  It  seems  as  if  there  wtus  a  molecular  decomposition  of  the  tissues 
at  this  temperature  ;  while,  if  a  slightly  lower  temperature  be  kept  up  continuously, 
fatty  degenemtion  of  many  tissues  occurs  (Litten),  If  animals,  which  have  been 
exposed  artificially  to  a  temperature  of  over  42"  to  44"  C,  l)e  transferred  to  a 
cooler  atmosphere,  their  tempemture  becomes  sulvnormal  (36"  C),  and  may  remain 
so  for  several  davs. 
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220.  FEVEE.— Fever  consists  in  a  **  disorder  of  Oie  body  ?ieat,^*  and  at  the  same  time  there 
is  greatly  increased  tissue  metabolism  (especially  in  the  muscles).  Of  course  the  mechanism 
regulating  the  balance  of  formation  and  expenditure  of  heat  is  disturbed.  During  fever  the 
l)oay  is  greatly  incapacitated  for  performing  mechanical  work.  It  is  evident,  therefore,  that 
the  large  amount  of  potential  energy  transformed  is  almost  all  converted  into  heat,  so  that  the 
non- transformation  of  the  energy  into  mechanical  work  is  another  important  factor.  We  may 
take  intermittent  fever  or  ague  as  a  type  of  fever,  in  which  violent  attacks  of  fever  of  several 
hours'  duration  alternate  with  |ieriods  free  from  fever.  This  enables  us  to  analyse  the  symptoms. 
The  symptoms  of  fever  are  : — 

(1)  The  increased  bodily  temperature  (38°  to  39**  C,  slight ;  from  39°  to  41"  C.  and  upwards, 
severe). — The  high  temperature  occurs  not  only  in  cases  whei*e  the  skin  is  red,  and  has  a  hot 
burning  feeling  (calor  mordax),  but  even  during  the  rigor  or  the  shivering  stage,  the  temperature 
is  raised.  The  congested  red  skin  is  a  cood  conductor  of  heat,  while  the  pale  bloodless  skin 
conducts  badly  ;  hence,  the  former  feels  hot  to  the  touch  (§  212) 

[The  following  table  in  "  C.  and  "  F.  indicates  generally  the  degree  of  fever  :— 


35^  C. 

-  95'  F.  . 

36 

-  96-8     . 

36-6 

-  97-7     . 

37 

«  98-6     . 

37-5 

-  99-4^ 

38 

«ioo-4  y. 

38-6 

-101 -3  J 

Collapse.  i      39°  C.  - 102*2°  F. 

Low.  I       39-5    -103  1 


Moderate  Fever. 


Sub-normal.  40  =104  1    tj;„u  iv„^^ 

Normal.  ,      405  -1049  /   H>g»^  ^^ver. 

41  -=105  8  Hyperpyretic. 

Sub-febrile.       |  Finlayson.  ] 

(2)  The  increased  production  of  heat  is  proved  by  calorimetric  observations.  This  is,  in 
small  part,  due  to  the  increased  activity  of  the  circulation  being  changed  into  heat  (§  206,  2,  a), 
but  for  the  most  part  it  is  due  to  increased  combustion  within  the  body. 

(3)  The  increased  metabolism  gives  rise  to  the  '*  consuming"  or  **  wasting"  character  of 
fever,  which  was  known  to  Hippocrates  and  Galen.  In  1852  v.  Barensprung  asserted  that  *'all 
the  so-called  febrile  symptoms  show  that  the  metabolism  is  increased.  The  inci*ease  of  the 
metabolism  is  shown  in  the  increased  cxcreiioji  ©/"COa— 70  to  80  per  cent.,  while  more  O  is  con- 
sumed, although  the  respiratory  quotient  remains  the  same.  According  to  D.  Finkler,  the 
CO.J  excreted  shows  greater  variations  than  the  O  consumed.  The  excretion  of  urea  is  increased 
^  to  |.  In  dogs  sutt'ering  from  septic  fever,  Naunyn  observed  that  the  urea  began  to  increase 
before  the  temperature  rose,  **prf/ebrile  rise,"  Part  of  the  urea,  however,  is  sometimes  retained 
during  the  fever,  and  appears  after  the  fever  is  over,  **epicritical  excretwn  of  urea.'*  The  uric 
acid  is  also  hicreascd  ;  the  iirine  pigment  (§  19),  derived  from  the  haemoglobin,  may  be  increased 
twenty  times,  while  the  excretion  oi potcLsh  may  be  seven-fold.  It  is  important  ta  observe  that 
the  oxidation  or  combustion  processes  within  the  body  of  the  fever-patient  are  greatly  increased 
when  he  is  placed  in  a  icarmer  atmosphere.  The  oxidation  j>rocesses  in  fever,  however,  are  also 
increased  under  the  inHucnce  oV cooler  surroundings  (§  214,  I.,  2),  but  the  increase  of  the  oxida- 
tion in  a  warm  medium  is  very  much  greater  than  in  the  cold  (/>.  Finkler).  The  amount  of 
CO3  in  the  blood  is  diminished,  but  not  at  once  after  the  onset  even  of  a  very  severe  fever 
{Qeppert). 

(4)  The  diminished  excretion  of  heat  varies  in  different  stages  of  a  fever.  We  distinguish 
several  stages  in  a  fever— (a)  The  cold  stage,  when  the  loss  of  heat  is  greatly  diminished 
owing  to  the  pale  bloodless  skin,  but  at  the  same  time  the  heat- production  is  increased  1}  to  2} 
times.  The  sudden  and  considerable  rise  of  the  tcmi)erature  during  this  stage  shows  that  the 
diminished  excretion  of  heat  is  not  the  only  cause  of  the  rise  of  the  temjierature.  (6)  During 
the  hot  stage  the  luat  given  off  from  the  congested  red  skin  is  greatly  iTicreased^  but  at  the  same 
time  more  heat  is  produced.  Liebermeister  assumes  that  a  rise  of  1,  2,  3,  4°  C.  corresponds  to 
an  increased  production  of  heat  of  6,  12,  18,  24  per  cent,  (c)  In  the  sweating  stage  tiie  excre- 
tion of  heat  through  the  red  moist  skin  and  evaporation  are  greatest,  more  than  two  or  three 
times  tlie  normal.  The  heat-production  is  either  increased,  nonnal,  or  sub-normal,  so  that 
under  these  conditions  the  temperature  ma^  also  be  sub-normal  (36°  C. ). 

(5)  The  heat-regulating  mechanism  is  injured. —A  warm  temperature  of  the  surroundings 
raises  the  temperature  of  the  fever-patient  more  than  it  does  that  of  a  non- febrile  person.  The 
depression  of  the  heat-production,  which  enables  normal  animals  to  maintain  their  normd 
temperature  in  a  warm  medium  (§  214),  is  much  less  in  fever  {£>.  Finkler). 

The  accessory  phenomena  of  fever  are  very  imjiortant: — Increase  in  the  intensity  and 
number  of  the  heart-beats  (§  214,  II.,  2)  and  respirations  (in  adults  40,  and  children  60  per 
min.)  both  being  compensatory  phenomena  of  the  increased  temperature;  further,  diminished 
digestive  activity  and  intestinal  movements  (§  186,  D);  disturbances  of  the  cerebral  activities  ; 
of  secretion  ;  of  muscular  activity ;  slower  excretion,  e.g.,  of  potassium  iodide  through  the 
urine.  In  severe  fever,  molecular  degenerations  of  the  tissues  are  very  common.  For  the  con- 
dition of  the  blood-corpuscles  in  fever,  see  §  10,  the  vascidar  tension,  §  69,  the  saliva,  §  146, 
digestion,  §  186. 

Quinine,  the  most  important  febrifuge,  causes  a  decrease  of  the  temperature  by  limiting  the 
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production  of  heat  (§  213,  6).  Toxic  doses  of  the  metallic  salts  act  iu  the  same  way,  while  there 
IS  at  the  same  time  diminished  formation  of  CO,  [AntipyretiCB  or  Febrifuges.  —All  methods  which 
diminibh  abnormal  temperature  belong  to  this  group.  As  the  constant  temperature  of  the  body 
depends  on  (1)  the  amount  of  heat-production,  and  (2)  the  loss  of  heat,  we  may  lower  the 
temiierature  eitlier  in  tlie  one  way  or  tlie  other.  When  cold  water  is  applied  to  the  body,  it 
abstracts  heat,  i.e.,  it  affects  the  results  of  fever,  so  that  Liebermeister  calls  such  methods 
antithermic.  But  those  remedies  which  diminish  the  actual  heat-pi-oduction  are  true  anti- 
pyretics. In  practice,  however,  both  methods  are  usually  employed,  ands|X)ken  of  collectively  as 
antipyretic] 

[Amongst  the  methods  whicli  are  used  to  abstract  heat  from  the  body  are  the  application 
of  colder  fluids,  such  as  the  cold  bath,  diffusion,  douche,  spi-ay,  ice,  or  cold  mixtures,  &c.  A 
person  suffering  from  high  fever  requires  to  be  repeatedly  placed  in  a  cold  bath  to  produce  any 

Eermanent  reduction  of  the  temperature.  Some  remedies  act  by  favouring  the  radiation  of  heat, 
y  dilating  the  cutaneous  vessels  (alcohol),  while  othere  excite  the  sweat-glands — i.r.,  are 
sudor ifics — so  that  tlie  water  by  its  evaporati(m  removes  some  heat.  Amongst  the  drugs  which 
influence  tissue  changes  and  oxidation,  and  thereby  lessen  heat-production,  are  quinine,  salicylic 
acid,  some  of  the  salicylates,  digitalis,  and  vcratrin.  Blood-letting  was  formerly  used  to  diminish 
abnonnal  tenipemture.  Amongst  the  newer  antipyretic  remedies  are  hydrochlorate  of  kairin 
and  antipyrin,  both  of  which  belong  to  the  aromatic  group  (derivatives  of  benzol),  which  includes 
also  many  of  our  best  antiseptics.] 
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mammals  are  kept  coiisUmtlijm  air  at  40'^  C,  the  excretion  of  heat  from  the  Ixxly 
ceases,  so  that  the  heat  i)roduced  is  stored  up.  At  first  the  temperatui^e  falls  some- 
what for  a  very  short  time,  hut  soon  a  decided  increase  occurs.  The  respirations 
and  pulse  are  increased,  wliile  the  latter  becomes  irregular  and  weaker.  The  O 
absorbed  and  CO,y  given  off  are  diminished  after  six  to  eight  hours,  and  death  occurs 
after  great  fatigue,  feebleness,  spasms,  secretion  of  saliva,  and  loss  of  consciousness, 
when  the  bodily  temi)erature  has  been  increased  4"  or  at  most  G"  C.  Death  does 
not  tiike  place  owing  to  rigidity  of  the  muscles,  for  the  coagulation  of  the  myosin 
of  mammals'  muscles  occurs  at  49*'  to  50**  C,  in  birds  at  53**  C,  and  in  frogs  at 
40"  C.  If  mammals  are  i^uddenhj  placed  in  air  at  100**  C,  death  occurs  (in  15  to 
20  min.)  very  rapidly,  and  with  tlie  same  phenomena,  while  the  bodily  temperature 
rises  4"  to  5^  C.  In  rabbits  the  body-weight  diminishes  1  gnn.  per  min.  Birds 
bear  a  high  temperature  somewhat  longer  ;  they  die  when  their  blood  reaches  48* 
to  SO*'  C. 

Even  man  may  remain  for  some  time  in  air  at  100-110-132°  C,  but  in  ten  to 
fifteen  minutes  there  is  danger  to  life.  The  skin  is  burning  to  the  touch,  and  reii ; 
a  copious  secretion  of  sweat  bursts  forth,  and  the  cutaneous  veins  are  fuller  and 
redder.  The  pulse  and  resjurations  are  greatly  accelerated.  Violent  headache, 
vertigo,  feebleness,  and  stupefaction,  indicate  great  danger  to  life.  The  rectal 
temperature  is  only  T  to  2°  C.  higlier.  The  higli  temperature  of  fever  may  even 
be  dangerous  to  human  life.  If  the  temperature  remains  for  any  length  of  time 
at  42*5"  C,  death  is  almost  certain  to  occur.  Coagulation  of  the  blood  in  the 
arteries  is  said  to  occur  at  42*6"  C.  If  the  artificial  heating  does  not  produce  dtaih^ 
fatty  infiltration  and  degeneration  of  the  liver,  heart,  kidneys,  and  muscles  begin 
after  thirty-six  to  forty-eight  hours. 

Cold-blooded  animals,  if  placed  in  hot  air  or  warm  water,  soon  have  their  temperature  raised 
6  to  10**  C.  The  highest  temiKfratiire  compatible  with  life  iu  a  frog  must  be  below  40**  C,  as  the 
frog's  heart  and  muscles  begin  to  coagulate  at  this  temperature.  Death  is  preceded  by  a  stage 
resembling;  death,  during  which  life  may  be  saved. 

Most  of  the  juicy  plants  die  in  half  au  hour  in  air  at  52*  C,  or  in  water  at  46"  C.  (S<ichs), 
Dried  seeds  of  corn  may.btill  germinate  after  long  exjKJSure  to  air  at  120"  C.  Lowly  organised 
plants,  such  as  algie,  may  live  in  water  at  60"  C.  {Uoppc-Seyhr),  Several  bacteria  withstand  a 
boiling  temperature  {Tyndall). 

222.  EMPLOYMENT  OF  HEAT.— Action  of  Heat— The  shoi-t,  but  not  intense,  action  of 
heat  on  the  surface  causes,  in  the  first  place,  a  transient  slight  decrease  of  the  bodily  tempera- 
ture, partly  because  it  retards  reflexly  the  production  of  heat,  and  ]>artly  because,  owing  to  the 
dilatation  of  the  cutaneous  vessels  and  the  stretching  of  the  skin,  more  heat  is  given  off.  A 
warm  bath  above  the  temperature  of  the  blood  at  once  increases  the  bodily  temperature. 
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Therapeutic  UBes. — The  application  of  heat  to  the  entire  body  is  used  wliere  the  bodily 
temperature  has  fallen,  or  is  likely  to  fall,  very  low,  as  in  the  algid  [stage  of  cholera,  and  iu 
infants  born  prematurely.  The  general  application  of  heat  is  obtained  by  use  of  warm  baths, 
packing,  vapour  baths,  and  the  copious  use  of  hot  drinks.  The  local  application  of  heat  is 
obtained  by  the  use  of  wann  wrappings,  partial  baths,  plunging  the  parts  in  warm  earth  or  sand 
or  placing  wounded  parts  in  chambers  tilled  with  heated  air.  After  removal  of  the  heating 
agent,  care  must  be  taken  to  prevent  a  great  escape  of  heat  due  to  the  dilatation  of  the 
blood-vessels. 

223.  INCBEASE  OF  TEMPEEATUBE  P08T-M0ETEM.— Phenomena.— Heidenhain  found 
that  in  a  dead  dog,  before  the  body  cooled,  there  was  a  constant  temporary  lise  of  the  tempera- 
ture, which  slightly  exceeded  the  normal.  The  same  observation  had  been  occasionally  made 
on  human  bodies  immediately  after  death,  especially  when  death  was  preceded  by  nmscular 
spasms  [also  in  yellow  fever].  Thus  Wunderlich  measured  the  temperature  fifty-seven  minutes 
gff^i.  i\f^^th  ill  a.  r'itsH  nf  t^tfluus.  and  found  it  to  be  45*375''  C. 
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ense  coagulation  of  the 
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iperature  of  the  body 
a/tei'-efect " — Liehei*- 
There  is  a  ^'' secondary 
.vhen  the  temperature 
er  a  cold  hath,  and  is 
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^  _  ^Id  causes  at  first  contrac- 

rbf  the'  BIboa- vessel?  oPtne^Kiu  nm-nv  luvamwyf^^^w^m^m^^XSomQB  pale.  If  continued, 
paralvsis  of  the  cutaneous  vessels  occurs,  the  skin  heoomes  red  owing  to  congestion  of  its 
vessels.  As  the  }mssage  of  fluids  through  the  capillaries  is  rendered  more  difficult  by  the  cold, 
the  blood  stagnates,  and  the  skin  a.ssumes  a  livid  appearance^  as  the  0  is  almost  completely 
used  up.  Thus  the  peripheral  circulation  is  slowed.  If  the  action  of  the  cold  be  still  more 
intense,  the  perii)hcral  circulation  stops  completely,  especially  in  the  thinnest  and  most  exposed 
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organs — eai-s,  nose,  toes,  and  fingere.  The  sensory  nerves  are  paralysed,  so  that  there  is  numb- 
ness with  loss  of  sensibility,  and  the  jmrts  may  even  be  frozen  through  and  tlirough.  As  the 
slowing  of  the  circulation  in  the  superficial  vessels  gradually  affects  other  areas  of  the  circu- 
lation, the  pulmonai-y  circulation  is  enfeebled,  and  diminished  oxidation  of  the  blood  occurs, 
notwithstanding  the  f^reater  amount  of  0  in  the  cold  air,  so  that  the  nerve  centres  are  affected. 
Hence  arise  great  dislike  to  making  movements  or  any  muscular  effort,  a  ])ainful  sensation  of 
fatigue,  a  peculiar  and  almost  irresistible  desire  to  sleep,  cerebral  inactivity,  blunting  of  the 
sense-organs,  and  lastly,  coma.  The  blood  freezes  at  -  3*9°  C,  while  the  juices  of  the  superficial 
parts  freeze  sooner.  Too  rapid  movements  of  the  frost-bitten  parts  ought  to  be  avoided.  Rub- 
bing with  snow,  and  the  very  gradual  application  of  heat,  produce  tne  best  results.  Partial 
death  of  a  i>art  is  not  unfrequeutly  produced  by  the  prolonged  action  of  cold. 

225.  ABTIFIGIAL  LOWERING  OF  THE  TEMPEEATIJBE.— Phenomena. 

— The  artificial  cooling  of  warm-blooded  animal b,  by  placing  them  in  cold  air  or 
in  a  freezing  mixture,  gives  rise  to  a  series  of  characteristic  phenomena.  If  the 
animals  (rabbits)  arc  cooled  so  that  the  temperature  (rectum)  falls  to  18**,  they 
suffer  great  depression,  without,  however,  the  voluntary  or  reflex  movements  being 
abolished.  Tha  jmlse  falls  from  100  or  150  to  20  beats  per  minute,  and  the  blood- 
pressure  falls  to  several  millimetres  of  Hg.  The  respirations  are  few  and  sliallow. 
Suffocation  does  not  cause  spasms,  the  secretion  of  urine  stops,  and  the  liver  is 
congested.  The  animal  may  remain  for  twelve  hours  in  this  condition,  and  when 
the  muscles  and  nerves  show  signs  of  paralysis  coagulation  of  the  blood  occurs 
after  numerous  blood-corpuscles  have  been  destroyed.  The  retina  becomes  pale, 
and  death  occurs  with  spasms  and  the  signs  of  asphyxia.  If  the  bodily  temperature 
be  reduced  to  17^  and  under,  the  voluntary  movements  cease  before  the  reflex  acts. 
An  animal  cooled  to  IS**  C,  and  left  to  itielf,  at  the  same  temperature  as  the  sur- 
roundings, does  not  recover  of  itself,  but  if  artificial  respiration  be  employed,  the 
temperature  rises  lO"*  C.  If  this  be  combined  with  the  application  of  external 
warmth,  the  animals  may  recover  completely,  even  when  they  have  been  apparently 
dead  for  forty  minutes.  Walther  cooled  adult  animals  to  9°  C,  and  recovered  them 
by  artificial  respiration  and  external  warmth  ;  while  Horvath  cooled  yoting  animals 
to  o"*  C.  Mammals,  which  are  born  blind,  and  birds  which  come  out  of  the  egg 
devoid  of  feathers,  cool  more  rapidly  than  others.  Morphia,  and  more  so,  alcohol, 
accelerate  the  cooling  of  mammals,  at  the  same  time  the  excliange  of  gases  falls 
considerably  ;  hence,  drunk  men  are  more  liable  to  die  when  exposed  to  cold. 

Artificial  Gold-blooded  Condition.— CI.  Bernard  made  the  important  observa- 
tion, that  the  muscles  of  animals  that  had  been  cooled  remained  irritable  for 
a  long  time  to  direct  stimuli  as  well  as  to  stimuli  applied  to  their  nerves ; 
and  the  same  is  the  case  when  the  animals  are  asphyxiated  for  want  of  O.  An 
"  artificial  cold-blooded  co7idition"  i.e,,  a  condition  in  which  w^arm-blooded  animals 
have  a  lower  temperature,  and  retain  muscular  and  nervous  excitability,  may  also 
be  caused  in  warm-blooded  animals,  by  dividing  the  cervical  spinal  cord  and  keeping 
up  artificial  respiration  ;  further,  by  moistening  the  peritoneimi  with  a  cool  solution 
of  common  salt. 

Hybernation  presents  a  series  of  similar  phenomena.  Valentin  found  that  hybematiDg 
animals  become  half  awake  when  their  IxKlily  temperature  is  28*  C.  ;  at  18"  C.  they  are  iu  a 
somnolent  condition,  at  6°  they  are  in  a  gentle  sleep,  and  at  I'C**  C.  in  a  deep  sleep.  The 
heart-beats  and  the  blood-pressure  fall,  the  former  to  8  to  10  ])er  minute.  The  respiratory, 
urinary,  and  intestinal  movements  cease  completely,  and  the  cardio-pneumatic  movement  alone 
sustains  the  slight  exchange  of  gases  in  the  lungs  (§  59).  Tliey  cannot  endure  cooling  to  0"  C, 
and  awake  before  the  temperature  falls  so  low.  Hybernating  animals  may  be  cooled  to  a  gi-eater 
degree  than  other  mammals  ;  they  give  off  heat  rapidly,  and  they  become  wann  again  rapidlv, 
and  even  sj)ontaneously.  New-born  mammals  resemble  hybernating  animals  more  closely  m 
this  respect  than  do  aclults. 

Cold-blooded  animals  may  be  cooled  to  0^.  Even  when  the  blood  has  been  frozen  and  ice 
formed  in  the  lymph  of  the  peritoneal  cavity,  frogs  may  recover.  In  this  condition  they  appear 
to  \*e  dead,  but  when  placetl  in  a  warm  medium  they  soon  recover.  A  frog's  muscle  so  cooled 
will  contract  again.     The  germs  and  ova  of  lower  animals,  c.g.^  insects'  eggs,  survive  continued 
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frost ;  and  if  tlie  cold  be  moderate,  it  mei-ely  retards  development.     Bacteria,  eg,,  Bacillus 
anthracis,  survive  a  temperature  of  -  130°  C.  ;  yeast,  even  -  100*  C. 

Varnishing  the  skin  causes  a  series  of  similar  phenomena.  The  varnished  skin  ^ves  off  a  lai^e 
amount  of  heat  by  radiation,  and  sometimes  the  cutaneous  vessels  are  creatly  dilated.  Hence 
the  animals  cool  rapidly  and  die,  although  the  consumption  of  0  is  not  diminished.  If  cooling 
be  prevented  by  warming  them  and  keeping  them  in  warm  wool,  the  animals  live  for  a  longer 
time.  The  blood  post-martan  does  not  contain  any  poisonous  substances,  nor  even  are  any 
materials  retained  in  the  blood  which  can  cause  death,  for  if  the  blood  be  injected  into  other 
animals,  these  remain  healthy. 

226.  EMPLOYMENT  OF  GOLD.— Gold  may  be  applied  to  the  whole  or  i)art  of  the  surface 
of  the  body  in  the  following  conditions : —  ,  -  . 

(rt)  By  placing  the  body  for  a  time  in  a  cold  bath  to  abstract  as  much  heat  as  possible,  when 
the  bodily  temperature  in  fever  rises  so  high  as  to  be  dangerous  to  life.  This  result  is  best 
accomplished  and  lasts  longest  when  the  bath  is  gradually  cooled  from  a  moderate  temperature. 
If  the  body  be  placed  at  once  in  cold  water,  the  cutaneous  vessels  contract,  the  skin  becomes 
bloodless,  and  thus  obstacles  are  placed  in  the  way  of  the  excretion  of  heat.  A  bath  gradually 
cooled  in  this  way  is  borne  longer.  The  addition  of  stimulating  substances,  e.g.,  salts,  whicu 
cause  dilation  of  the  cutaneous  vessels,  facilitates  the  excretion  of  heat ;  even  salt  water 
conducts  heat  better.  If  alcohol  be  given  internally  at  tlie  same  time  it  lowers  the 
temperature. 

(b)  Cold  may  be  applied  locaUy  by  means  of  ice  in  a  bag,  which  causes  contraction  of  the 
cutaneous  vessels  and  contraction  of  the  tissues  (as  in  inflammation),  while  at  the  same  time 
heat  is  abstracted  locally. 

(c)  Heat  may  be  abstracted  locally  by  the  rapid  evaporation  of  volatile  substances  (ether, 
carbon  disulphide),  which  causes  numbness  of  the  sensory  nerves.  The  introduction  of  media 
of  low  temperature  into  the  body,  respiring  cool  air,  taking  cold  drinks,  and  the  injection  of 
cold  fluids  into  the  intestine  act  locally,  and  also  produce  a  more  general  action.  In  applying 
cold  it  is  important  to  notice  that  the  initial  contraction  of  the  vessels  and  the  contraction  w 
the  tissues  are  followed  by  a  greater  dilatation  and  turgescence,  i*.«.,  by  a  healthy  reaction. 

227.  HEAT  OF  INFLAMED  PABTS.— ••  Galor,"  or  heat,  is  reckoned  one  of  the  fundamental 

Ehenomena  of  inflammation,  in  addition  to  rubor  (redness),  tumor  (swelling),  and  dolor  (pain). 
kit  the  apparent  increase  in  the  heat  of  the  inflamed  parts  is  not  above  the  temperature  of  the 
blood.  Simon,  in  1860,  asserted  that  the  arterial  blood  flowing  to  an  inflamed  part  was  cooler 
than  the  part  itself,  but  this  has  been  contradicted.  The  outer  parts  of  the  skin  in  an  inflamed 
part  are  warmer  than  usual,  owing  to  the  dilatation  of  the  vessels  (rubor)  and  the  consequent 
acceleration  of  the  blood-stream  in  the  inflamed  part,  and,  owing  to  the'swelling  (tumor),  from 
the  presence  of  good  heat-conducting  fluids  ;  but  the  heat  is  not  greater  than  the  heat  of  the 
blood.  It  is  not  proved  that  an  increased  amount  of  heat  is  produced  owing  to  increased 
molecular  decompositions  within  an  inflamed  part. 

228.  HISTOBIGAL  AND  OOMPAEATIVE.— According  to  Aristotle,  the  heart  prei»are» 
the  heat  within  itself,  and  sends  it  along  with  the  blood  to  all  parts  of  the  body.  This 
doctrine  prevailed  in  the  time  of  Hipj)Ocrates  and  Galen,  and  occurs  even  in  Cartesius  and 
Bartholinus  (1667,5**  flammula  cordis  ").  The  iatro-mechanical  school  {Boerhave,  van  Sicieten) 
ascribed  the  heat  to  the  friction  of  the  blood  on  the  walls  of  the  vessels.  The  iatro-chemical 
school,  on  the  other  hand,  sought  the  source  of  heat  in  the  fermentations  that  arose  from  the 
l)assage  of  the  absorbed  substances  into  the  blood  {van  Uclmont,  Sylvhcs,  Ettmilller),  Lavoisier 
(1777)  was  the  first  to  ascribe  the  heat  to  tlie  combustion  of  carbon  in  the  lungs.  After  the 
construction  of  the  thermometer  by  Galileo,  Sanctorius  (1626)  made  the  first  thermometric 
observations  on  sick  persons,  while  the  first  calorimelric  observations  were  made  by  Lavoisier 
and  Laplace.  Gomparative  observations  are  given  at  §  207,  and  also  under  Hybernation 
(§  225). 
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Physiology  of  the  MetahoUc  Phenomena,  &c. 


By  the  term  metabolism  wc  mean  those  phenomena,  wliereby  all — even  the  most 
lowly — living  oi*ganism8  are  capable  of  incorporating  the  substances  obtained  from 
Uieir  focnl  into  their  tissues,  and  making  them  an  integral  part  of  their  own 
IkkUcs.  This  part  of  the  process  is  known  as  assimilation.  Further,  the  organism 
in  virtue  of  its  metalx>lism  forms  a  store  of  ix)tential  energ}*,  which  it  can  trans- 
fonn  into  k-uuiir  energy^  and  which,  in  the  higher  animals  at  least,  appears  most 
obvious  in  the  form  of  muscular  work  and  heat.  The  changes  of  the  constitu- 
ents of  the  tissues,  by  which  these  transformations  of  the  potential  energy  are 
accominuiied,  result  in  the  formation  of  excretory  products,  which  is  another  part 
of  the  prtKcss  of  metabolism.  The  normal  metabolism  requires  the  supply  of  food 
quantitiitively  and  qualitatively  of  the  proper  kind,  the  laying  up  of  this  food 
wiUiin  the  Inxly,  a  regidar  chemical  transformation  of  the  tissues,  and  the  forma- 
tion of  the  effete  products  which  have  to  be  given  out  through  the  excretory 
organs.  [Synthetic  or  constructive  metabolism  is  sjx)ken  of  as  anaboUc,  and 
destructive  or  analytical  metabolism  as  katabolic,  metal)olism.l 

[The  human  organism  is  continually  giving  off  daily,  i.f.,  daily  losses: — 

By  the  lungs :  carbon  dioxide  and  watery  vapour. 

By  the  kidneys:  water,  urea,  uric  acid,  «S:c.,  and  salts. 

By  the  skin :  wat^r,  and  a  small  quantity  of  COj  and  fatty  matter. 

By  the  bowel :  wat^r,  insoluble  salts  and  residues  of  food,  &'c. 

Fixjm  the  surfaces  of  the  Kxly  are  given  off  a  small  quantity  of  epitlielium  and 
mucus,  and,  under  i^ertmn  conditions,  the  products  of  the  secretion  of  the  mam- 
rnnry  glands  and  t<>stos. 

The  organism  takes  in  daily  a  certain  amoimt  of  matter,  i.f.,  daily  gains. 
By  the  lungs:  oxygen. 

By  the  digestive  tntct,  f .f,,  food :   wator,  salts,  proteids,  carbohydrates 
and  fatc>. 


When  the  imvme  exactly  ei|ual$  tlie  exj^enditui^,  i.^.,  quantitatively,  the  ; 
is  si\id  to  W  in  equQibriunL] 

[We  have  disousseil  the  daily  income  and  exjx^nditur?  of  the  Ixxly  fivHn  the 
quantitative  side,  but  when  we  comjuare  these  qualitatiTely  we  tind  that  thei«  is 
a  grvat  diffeivniee  Wtwet^n  what  we  take  in  as  fcwxi  and  give  off  as  excretioiisv 
Setting  aside  the  water  and  salts  taken  in  with  the  fooii — fc«-  they  are  excieted 
nearly  unoiian^nl  -<>ur  fvxxl  consists  of  highly  complex  organic,  and  but  sti^Uv 
oxidiWxi  KxUes—proteids,  lata,  and  carbohydimtes :  while  the  excr^  gh  the 
Mher  h;ind,  are  such  simple  Knlii^  as  carbon  dioxide  (CC\X  water,  and  urea. 
the  last  of  which  readily  splits  up  into  oarlvn  dioxide  and  ammonia.  We  bare 
AHHi  that  a  supply  of  oxygen  L<  al^^lutely  necessary  for  life,  and  that  it  is  taken 
in  by  the  n^spir^itory  prv^^x^sse^  and  carri-nl  to  the  ti^ues  by  the  hjpmoglobui  of 
the  red  MvvxUvrpu><*K*Sw     In  the  aijHllarii^  these  dvo  up  their  oanrgen  to  the 
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tissues,  and  we  have  seen  good  reasons  for  believing  that  the  oxygen  is  used  up  in 
tlie  tissues  themselves — oxidation-processes — and  that  there  also  carbon  dioxide  is 
formed  (§  131),  constituting  the  so-called  "inner  respiration."  In  the  tissues  and 
organs  the  nutrient  organic  substances  are  more  and  more  oxidised,  until  the  final 
products,  water,  carbon  dioxide,  and  urea  are  reached.  All  this  takes  place 
through  and  by  the  activity  of  the  living  cellular  elements  of  the  tissues.  The 
cellular  elements  of  each  organ  or  tissue  select  from  the  lymph  the  materials  they 
i*equire,  but  it  is  evident  that  the  process  of  oxidation  in  the  tissues  is  not  deter- 
mined solely  by  their  affinity  for  oxygen,  for  the  fats  which  are  oxidised  with 
difficulty  are  completely  decom])Osed  in  the  body  into  COg  and  HgO.  Again,  such 
easily  oxidisable  substances  as  uric  acid  occur  in  the  lx)dy,  while  some  substances 
which  are  greedy  of  oxygen,  cg,^  pyrocatechin,  pass  into  the  urine  unchanged.] 

[But  we  have  every  reason  to  believe  that  reduction-processes  also  take  place 
in  the  organism,  although  they  are  far  less  than  the  oxidation-processes.  When 
we  group  the  various  chemical  processes  taking  place  in  the  body,  they  are  by  no 
means  all  simple  processes  of  oxidation ;  we  have  dissociation,  or  the  separation 
of  a  complex  ])ody  into  its  components,  taking  place,  as  in  the  separation  of  Hb02 
into  Hb  and  O.  The  decomposition  may  be  either  of  a  simple  nature,  2.e.,  without 
the  addition  of  any  new  element, — i.e,,  simple  decomposition, — or  a  molecule  of 
water  may  be  taken  up,  constituting  hydrolytic  decomposition,  or  oxygen  may 
l>e  combined  with  it,  constituting  what  we  know  as  oxidation.  In  addition, 
various  synthetic  and  reduction-processes  may  take  place ;  so  that  it  is  plain  that 
decomposition  and  oxidation-processes  go  on  together  in  the  organism.] 

[When  we  compare  the  complex  proteid  with  what  represents  it  chiefly  in  the 
excreta — viz.,  urea — one  is  not  to  assume  that  urea  is  formed  directly  from  the 
proteid.  There  is  reason  to  believe  that  in  the  process  of  katabolism  there  are  a 
large  number  of  interme<iiate  less  highly  oxidised  bodies  formed  before  the  fijial 
stage  of  urea  is  reached.  We  are  but  imperfectly  ac([uainted  with  these.  The 
following  represents  some  of  the^e  bodies,  as  far  as  their  ratio  of  C  and  N  are 
concerned,  but  one  is  not  to  assume  that  they  are  all  precursors  of  urea. 


Albumin                          contains  1  atom  N  to  4 

Glutin                                    „         1 

H 

Glycin                                    ,,         1 

2 

Krcatin  ami  Kreatinin         ,,         1 

n 

Uric  acid                              „         1 

n 

Allantoin                              ,,         1 

1 

Urea                                     „        1 

i 

In  proportion  as  the  members  of  this  grouj)  becpme  poorer  in  C,  they  become 
richer  in  N,  and  also  in  O.] 

[Of  the  numerous  intermediate  bodies — the  products  of  the  retrogressive 
metabolism  of  the  tissues — we  know  much  too  little  to  be  able  to  state  definitely 
what  are  the  immediate  precursor  of  urea.  Perhaps  leucin,  glycocoll  or  glycin, 
aspanigin  and  ammonia  salts  are  precursors  of  urea ;  at  least  when  given  to  an 
animal  they  reappear  as  urea.  These  bodies,  as  we  have  seen,  are  formed  in  the 
small  intestine,  and  it  is  supposed  that  they  are  changed  into  urea  in  the  liver 
(§  256).] 

[As  albumin  contains  1  atom  N  to  4  C  and  urea  1  N  to  ^  C,  it  is  evident  that  in 
the  decomposition  of  a  proteid  a  non-nitrogenous  residue  must  be  set  free,  and 
doubtless  it  also  forms  a  series  of  intermediate  bodies,  each  of  which  step  by  step 
gains  more  O,  and  contains  less  C,  until  it  is  finally  excreted  as  COg  and  II^O. 
If,  however,  the  amount  of  this  non-nitrogenous  residue  be  greater  than  can  be 
decomposed  in  the  boilv,  there  is  reason  to  believe  that  it  may  be  stored  up  in  the 
form  of  fat  (§  241).] 

[The  changes  undergone  by  the  carbohydrates  are  much  simpler.     First  the 
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starches  ave  changed  into  sugar  in  the  mouth  and  intestine,  and  sugar  fonncd  in  the 
intestine  enters  the  blood  for  the  most  part  as  such.  In  the  liver  it  is  dehydrated 
and  glycogen  is  formed,  but  this  again  slowly  enters  the  blood-stream  as  sugar.  It 
is  then  comparatively  rapidly  oxidised  into  COg  and  HgO.  What  the  intermediate 
products  are  is  imcertain.  If  the  sugar  be  in  excess  of  the  needs  of  the  economy 
it  is  supposed  that  it  may  be  stored  up  as  fat  (§  241).] 

[The  fats,  although  they  are  decomposed  with  difficulty  by  oxidising  agents,  are 
yet  rapidly  and  completely  split  up  in  the  organism  into  COg  and  HgO.  The 
oxidation  does  not  seem  to  be  a  direct  process,  but  a  number  of  intermediate  bodies 
seem  to  be  formed.  We  have  in  the  body  examples  of  the  series  of  fatty  acids 
with  the  formula  C„H2„02  (formic,  acetic,  propionic  acid,  &c.)  so  that  they  are 
probably  intermediate  bodies.  When  fat  is  taken  in  excess  it  is  not  necessarily 
stored  up  in  the  body  ;  in  fact,  there  is  reason  to  believe  that  fat  in  the  body  is 
chiefly  formed  from  proteids  (§  241).] 

[Amongst  the  oxidation  j)rocesses  may  be  classified  the  formation  of  sulphuric 
acid.  The  sulphur  contained  in  the  proteid  molecule  is  oxidised,  and  appears  either 
as  a  sulj)hate,  or,  in  small  amount,  in  the  aromatic  compounds  of  the  urine  (§  262) 
(After  Muid').] 

["  The  chemical  i)rocesses  of  the  animal  organism,  therefore,  may  be  represented 
as  a  series  of  oxidation  and  reduction  processes, — chiefly,  however,  analytical 
processes — in  virtue  of  which  the  highly  complex  and  slightly  oxidised  constituents 
of  the  body,  i.e.,  those  taken  into  the  body  as  food — are  decomposed  into  the 
simple  and  highly  oxidised  compounds — urea,  ctirbon  dioxide,  sulphuric  acid,  and 
water,  and  removed  from  the  botly  as  such  bv  the  various  organs  of  excretion" 
(Munk).] 

[Alongside  of  these  oxidation  processes  there  are  certain  synthetic  and  reduction 
processes  which  take  place  in  the  body,  e.g.,  the  formation  of  hsemoglobin.  Benzoic 
acid  unites  with  glycocoll,  and  appears  in  the  urine  as  hippuric  acid  (§  260) ;  phenol 
unites  with  sulphuric  acid,  and  a])pear8  as  phenol-siUphuric  acid.  Fatty  acids 
tiiken  into  the  alimentary  canal  unite  somewhere  with  glycerin  and  form  the 
corre^j  bonding  neutral  fat  (§  192,  3),  and  this  without  glycerin  l)eing  administered 
at  the  same  time  with  the  fatty  acid.  But,  in  any  case,  the  synthetic  processes 
are  far  less  in  evidence,  and  are  far  fewer  in  number,  than  the  oxidation  and 
analytic  chemical  processes,  which  are  so  characteristic  of  animal  metabolism 
generally,  in  contrast  to  what  occurs  in  vegetable  metalx)lism  (see  Infroductton),'\ 

229.  THE  MOST  IMPORTANT  SUBSTANCES  USED  AS  FOOD.— Water. 

— When  we  remember  that  58*5-64  per  cent,  of  the  body  consists  of  water,  that 
water  is  Ix^iiig  continually  given  oft*  by  the  urine  and  faeces,  as  well  as  through  the 
skin  and  lungs,  that  the  processes  of  digestion  and  absorption  require  water  for  the 
solution  of  most  of  the  substances  used  as  footl,  and  that  numerous  substances 
excrete<l  from  the  Ixxly  require  water  for  their  solution,  especially  in  the  urine, 
the  great  importance  of  water  and  its  continual  renewal  within  the  organism  are  at 
once  apparent.  As  put  by  Hoppe-Seyler,  all  organisms  live  in  water,  and  even  in 
running  waU-r,  a  remark  which  ranks  with  the  oLl  saying — "CoriK)ra  non  agunt 
nisi  flui<la." 

[According  to  Volkinaiin,  100  parts  of  a  Inunan  lieing  consist  of  64  parts  water  16  pro- 
teid (ami  gelatin),  14  fat,  and  5  i»arts  asli.  As  the  muscles  make  up  42-43  parts  of  the  entire 
body,  and  contain  21  per  cent,  of  proteid  and  75  per  cent,  of  water,  it  is  evident  that  in 
round  numbers  the  muscles  contain  about  half  the  proteids  and  more  than  the  half  of  the 
total  water  of  the  body.] 

Water— as  far  an  it  is  not  a  constituent  of  all  fluid  foods— occurs  in  ditt(erent  forms  as  drink: — 
(1)  Bain  water,  which  most  closely  resembles  distilled  or  chemically  pure  water,  always 
contains  minute  quantities  of  COj,  NH3.  nitrous  and  nitric  acids.  (2)  Spring  water  nsnally 
contains  much  mineral  substance.  It  is  formed  from  the  de|)osition  of  watery  vapour  or  rain 
from  the  air,  which  permeates  the  soil,  containing  much  CO3  ;  the  COj  is  dissolTed  by  the 
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watiT,  atid  aiiis  in  dissolving  the  alkalies,  alkaliiitj  earthii,  and  nietals,  which  ajvpi^r  in  aolntion 
as  bicai'bonatt?8j  f*^.,  of  lime  or  iron  oxide.  The  ^vater  is  removed  from  the  »|«ring  by  proper 
metjlittiiical  nppiianeea,  or  if  Imbblt-s  up  011  the  surface  in  th«  form  of  a  *'sprinf,'."  (3)  River 
Wftter  lasuiilly  eontainii  much  IciiH  mineral  matter  than  sjiriiig  water.  Sprinj^  water  floating  on 
the  aurfflce  rapidly  gives  otf  its  CO.,  whereby  many  snUitances— <r.^.,  lime — are  thrown  out  of 
solution,  and  dcpu.sittd  m  initolnble  preeipitntes. 

Qaaefi  in  water. ^Spring  watiir  contains  little  O,  bnt  much  CO^,  the  ktter  giving  to  it  its 
fresh  taste.  H^nce,  vegetable  organisms  Honrish  in  spring  water,  while  anioialg  requiring,  as 
they  do,  much  0,  are  but  poorly  represented  in  such  water.  Water  Bowing  freely  gives  up  CO,, 
and  ab»3orbs  0  from  the  air,  and  tliua  alfords  the  ncL-easary  conditions  for  the  existence  of  fishes 
ami  other  marine  aoimals.  River  water  coiitaitis  ^^  to  ^j^  of  its  volume  of  absorbed  ga-se^,  which 
may  be  expelled  by  boiling  or  freezing. 

t^iinking  water  is  chiefly  obtained  from  Hpringa.  River  \?ater»  if  used  fur  tliiw  purpose,  tnust 
be  hltered  to  get  rifl  of  mechanically  8iisi*eiideii  impurities.  For  household  purposes  a  chai*coal 
filter  may  be  u&e<l,  as  the  charcoal  acts  as  a  disinfectant.  Alum  has  a  remarkable  action. 
When  added  to  give  a  rlikitian  containing  0  0001  per  cent.,  it  makes  turbid  water  clear. 

Investigation  of  Drinking  Water.— Drinking  ^vnt^r,  ovou  in  a  tiiick  layer, 
ought  lc»  he  r^oiriplc^teJy  ml<mrlc^.%  not  turiml^  and  without  oihm\  Any  odour  is 
best  recogiiieetl  hy  heating  it  to  50°  C,  and  adding  a  little  tianstii.'  s^lkIu.  It  ought 
not  to  he  fof}  kard^  i.t,^  it  ought  not  to  contain  ttio  iiinch  lime  (and  niagnesia) 


By  the  tenu  ** degree  of  hardjiefis"  ol'  a  water  is  meant  the  uuit  amount  of  lime  (and 
magnesia)  in  100,000  parts  of  wati^r;  a  water  of  20  di'gn ees  of  hni*dneiM  contains  20  [lart.s  of 
lime  (calciimi  oxide)  combined  witli  €0^,  sulphuric,  or  hydrc»ehlorie  acidn  (the  small  ammint  of 
magnesia  njay  be  neglected).  A  good  drinking  ^mter  owjhl  itot  to  fjrefd  20  di'tjrcfi  0/  hnrdnrsii. 
The  hjirdnejw  is  determined  by  titrating  the  water  with  a  standnrd  sonjt  sobition,  the  result 
being  tlie  formation  of  a  s<-'um  of  lime-soap  on  the  surface.  The  liardne.ss  of  iiiiknhd  water  is 
called  its  ttd^tl  hafd}u:Hs,  while  that  of  boikd  tnUcr  is  called  permanent  hardnewi,  Boiling 
drivfts  olT  the  CO3,  and  precipitates  the  calcium  carbouiite,  so  that  the  water  at  the  same  time 
beeomes  softeiv 

The  presence  of  gnlphoric  add,  or  fiul]diatei»,  is  determined  by  the  water  becoming  turbid  on 
addiug  a  solution  of  barium  chloride  and  hydrochloric  acid. 

Chlorine  ixcurs  in  small  amount  ia  pure  s[>ring  water,  hut  when  it  oeeurs  tliere  in  large 
amomit^a|wirt  Irom  its  being  derived  froui  saliije  springs,  near  the  sea  or  mainifaetoiips— we 
may  conclude  that  the  water  is  contaminatid  from  water*closets  or  dunghills,  so  ihat  the 
estimation  of  chlorine  is  of  importance.  For  this  pnr|M>so  use  a  solution^  A,  of  17  gnns,  of 
crystallised  silver  nitrate  in  1  litre  of  distilled  water  ;  1  cubic  centimetre  of  this  sfllution  pre 
cipitat«»  3 '5a  milligrams  of  chlorine  as  silver  chloride.  Use  also  B,  a  colrl  soturateil  solution 
ot  neutral  i»otassium  cliromate.     Take  50  cubic  centimetres  of  the  water  to  be  investigatcil,  and 

f^lace  it  in  a  beaker,  add  to  it  2  to  3  dropn  of  B,  and  allow  the  Huid  A  to  run  into  it  from  a 
mrettc  until  the  wliite  [)reciiiitate  fust  formetl  remains  red,  even  after  the  lluid  has  been  i>tiiTed. 
Multiply  the  number  of  cubic  centimetres  of  A  used  by  7*1,  and  this  will  give  the  amount  ot 
chlorine  in  100,000  parts  of  the  water.  Example — 50  l^emtr.  ret]uires  2  9  ccintr.  of  the  silver 
Bohition,  so  that  3  00,000  i>arts  of  the  water  contain  21*A7i-20'5D  parts  chlorine  (A'i/^/ 
Tictnami).     tlofifl  water  ought  not  to  contain  more  than  15  milligrams  of  chloriue  per  litre. 

The  pre,sence  of  lime  may  be  asiertained  by  acidulating  60  cubic  centimetres  of  the  wtiter 
with  HL"1,  adding  ammonia  in  excess,  and  afterwaixla  adding  ammonia  oxalntc  ;  the  white 
preci[»itfttc  is  lime  ovalato.  Accoiding  to  the  degree  of  turbidity,  we  judge  whether  the  water 
is  **Boft'*  (jHK^r  in  lime),  or  "hiird''  (rich  in  lime). 

Magnesia  is  determined  liy  tstking  the  clear  tluid  of  the  above  operation,  nfter  reraovinfij  the 
precipitate  of  lime,  and  adding  to  it  a  sohitioii  of  sodium  phosphate  and  !M>nie  nnnuonia  ;  the 
crystalline  precipitate  wbich  occurs  is  magiieaia. 

The  more  feeble  all  these  reactions  which  indicate  the  presence  of  sulphuric  ocid,  chlorine, 
lime,  and  maguesiti  are,  the  better  is  the  water.  In  addition,  good  water  ought  not  to  contain 
moie  than  traces  of  nitrates,  nitrites,  or  eompoaiids  of  ammoniti,  as  their  presence  indicates  the 
decomposition  of  uitrogeoous  organic  substances. 

Km  nitric  acid,  take  100  cul>ic  centimetreji  of  water  acidulated  with  two  or  tlin-e  drops  of 
concentrated  sulphuric  acid,  add  several  pieces  of  zinc  together  with  a  solution  of  potassium 
iodide,  and  stjirch  solution- -a  blue  colour  iiulicotes  nitrie  acid.  The  following  tests  are  verj'^ 
delicate  :— (1)  Bmcine  teat.^ — Add  to  half  a  drop  of  water  in  a  capsule  two  drops  of  a  watery 
aohition  of  Briicinum  sulphmicum,and  afterwards  several  drops  of  concentrated  sidphuric  acid  ; 
a  rose -red  coloration  indicates  the  presence  of  nitric  acid.  (2)  [Bipbenylamine  test. — t\)ur  a 
thin  layer  of  a  2  (fcr  ceiit.  solution  of  diphenylamiue  in  strong  sniplmric  acid  tm  a  wliite 
plate.     A  drop  of  water  containinf^  nitrates  or  nitrites  gives  a  blue  colour.] 

The  presence  of  nitrouB  »cid  is  ascertained  by  the  blue  ciiloratiou  which  results  from  the 


422 


EXAMINATION   OF  WATER, 


[Sec.  229. 


ailditioTi  of  a  solution  of  potassiiini  iotlide,  litid  solution  of  atarcL,  fkher  the  water  lias  been 
ociduktt'd  with  Hiilpburw  flcid. 

GompoundB  of  ammonm  are  rlctcct^ti  by  Nessler'B  retgent,  which  gives  a  yellow  or  reddbb 
colomtiuii  whcDi  a  trace  of  tttHmoiila  ia  present  in  watt^r ;  while  a  large  amount  of  thew  com- 
]>ounds  givts  a  brown  preei]»itate  of  the  ioilide  of  nieiTiiry  ami  ammonia, 

T\w  contamination  of  water  hy  *l&coniposinf?  animal  substance  is  detfrminexl  by  the  amonnt 
of  N  it  contttiiia.  In  moat  case«  it  is  Huiliciciit  to  delerraine  the  amount  of  nitrk  acid  iireseut^ 
For  thiH  pnriKi.st*  wo  reqnirii  (A)  a  fiolution  of  1"871  grniH.  potafiaium  nitrate  in  one  liti\'  aiistilled 
water—l  euDic  centimetre  contains  I  TOillignira  nitric  acid  ;  (B)  a  dilute  &olntion  of  mdigo, 
which  is  pre |>areil  by  rnbbing  together  one  part  of  pnlvcriscd  iiidigotiii  with  six  i^arta  H^^SO^, 
and  allowing  the  deposit  to  subside,  when  tiic  blue  jlnid  is  ixdiiecl  into  forty  timcH  its  vohinift 
of  distJIIi-d  water  ana  filtered.  This  fluid  is  dilnlcd  with  distilled  water  until  a  layer,  12  to  16 
mni*  in  thickness,  begins  to  he  tiaiis parent 

To  ti'st  the  activity  of  B^  place  1  cubic  centimetre  of  A  in  24  ciduc  reiitimetrps  water,  add 
some  common  salt  and  50  cubic  centimetrca  conceutrateil  stdphnric  acid,  and  allow  B  to  flow 
from  a  burette  into  thb  mixture  until  a  faint  pfiT<;ii  colour  is  obtained.  The  mnnbcr  of  cubic 
centime  ties  of  B  used  conesiHind  to  1  milligrani  of  nitric  acid. 

TweiJty-five  cnl>ic  centimetres  of  the  water  to  be  investigated  are  mixed  with  5f?  cubic  centi- 
metres of  concentrated  H.jSO^,  and  titrated  with  B  until  a  green  colour  is  obtained.  This  process 
must  l>c  repeated,  and  on  the  second  occasion  the  Kolntion  B  must  be  allowed  to  flowiit  at  once^ 
when  usually  somewhat  more  iudigo  sdhition  is  required  to  obtain  the  green  s^ilution.  The 
number  of  cubic  centimetres  of  14  (corre^iponding  to  the  strength  of  11  as  determined  above) 
indicates  the  amount  of  nitric  acid  piosent  in  25  c.cmtr.  of  the  water  investigated.  As  nmch 
as  10  milligrams  nitric  ncid  have  been  found  in  spring  water  {Marj^^  Tnymm^iorf}, 

Sulphni^tted  Hydrogen  ia  recoguised  hy  its  isdour ;  also  by  a  piece  of  1  dotting- paper  moiatetied 
with  alkaline  sohitkiii  of  lead  becoming  brown,  when  it  it^  held  over  the  boiling  water.  If  it 
occurs  as  a  romjKHtHd  in  tlie  water,  Rodium  nitro-pmsside  gives  a  reddish -violet  colour. 

It  is  of  the  greatest  iniportance  that  drinking  water  should  htfreefnmi  the  pnseitc*;  of  organic 
matter  in  a  ttate  of  decomi>ositioti.  Organic  matter  in  a  state  of  decomposition,  and  the 
organisms  therewith  associated,  when  intiodut^cfl  into  the  body,  may  give  rise  to  fat4il  nmla^iies, 
''.jjr.,  cholera  and  tytdioid  fever.  This  is  the  case  when  the  water-Fupply  has  been  contaminated 
from  water  which  has  percolated  from  water-closets,  privies,  and  dungpite.  The  pt^Mence  qf 
organic  matltr  ma  if  hi:  dilcdcd  fhus—{l}  A  considerable  amount  of  tlie  water  is  evajxirated  t*i 
dryness  in  a  iKtrcelain  vesKcl ;  if  the  residue  lje  heated  o^in  a  brown  or  black  colour  indicates  th<j 
presence  of  a  coiisidenible  aujount  of  organic  matter  j  and  if  it  contain  N,  there  is  an  odour  of 
ammonia^  Good  water  treated  in  this  w*ay  gives  oidy  a  light  brown  stain.  The  presence  of 
microorganisms  may  be  determined  niicrosco|jicjilly  after  evaporating  a  small  qimntity  of  the 
water  cm  a  glass  slide.  (2)  The  addition  of  jKtfttsttw-tjtiht  chloride  to  the  water  givc\s  a  black 
frothy  precij»itate  after  longhtunding,  (3)  A  Kolntkm  of  }kfttiJiifin/H  /xrMungfntatr.^  uddi^  to  the 
water  in  a  covered  jur,  gradually  becomes  decolorised,  and  a  brownish  precipitate  is  formed. 

Water  containing  much  organic  matter  sh  cm  Id  licrrr  Iw  used  as  drinking  water,  and  this  is 
L'SjHJcially  the  case  when  there  is  an  epidemic  of  typfioid  fever,  cholera,  or  diarrhoea.  In  all 
such  cirL'umstances,  the  water  ought  to  ho  boiled  tor  a  long  time,  whereby  the  organic  gcrnis 
are  kiilc<L  The  insipid  taste  of  the  water  after  boiling  may  be  conectcil  by  additig  a  little 
sugar  or  lime  juice. 

2S0.  THE  MAMMAEY  GLANBS  AND  MILK.— Milk-Duct.— About  20 
galactoferous  duvis  op(»n  singly  upon  thn  sivrfaee  of  the  iiiitplo.  Each  of  thesi\ 
juBt  l>ofoiv  it  opoiiH  on  the*  surface,  i,s  provided  with  an  (»val  dilatation — the*  aiBus 
lactaus.  When  traced  inU't  the  gland,  the  i^nihiftofercuis  dncta  divi<h?  Hk*^  tlic? 
hmneht^s  of  a  tree,  atid  ti  large  liraneh  of  the  duet  |»aKse«  to  each  lobe  of  llie 
gland,  al!  the  loU-a  being  held  togidhcr  liy  bxi8e  connective-tissue  Only  during 
lactation  do  all  the  line  terniinalions  of  the  dtu'ts  connnunieatt:  with  the  globuhtr 
glandular  at^ini.  Every  gland  acinus  eouf^ists  of  a  meiubrana  pr^ipria,  surrounded 
externally  with  a  network  <>f  hranelted  €onneetive4issue  eorpusehs,  and  lined 
internally  with  a  soitrewlmt  flattened  polyhedral  layer  r)f  nucleated  secretory  cells 
(tig.  287)  The  .size  of  the  lumen  of  the  acini  dependi^  npon  the  seerett<rY  activity 
of  the  ghnnU ;  wlieii  it  m  hirge,  it  is  tilled  with  milk  ctcntainitig  nu)uei"oiis 
refractive  fatty  granuh-*8,  The  wallss  t«f  the  niilknlucts  consist  of  fibrillar  connective- 
tissue.  Sijine  tibres  are  arratiged  longitudinally,  liut  the  cldef  mass  are  <lisj>osed 
<'irculnrly,  atid  are  jjc^nueated  i-xternally  with  ehistic  tibres,  while  in  the  finer 
iliicts  there  h  a  uieinbrana  i»ropria  continuous  with  that  of  the  gland  aciiii.  Tlie 
ducts  are  lined  hy  cylitidrietil  epitheliuni. 
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During  the  Jii'd  few  daf/ta  afiei*  deliver^^  the  breasts  secrete  a  f^mall  Jinioioit  ol 
iiiilk  of  greater  consistence,  and  of  a  yellow  eolonr — tlni  colostmjn — in  wlxicli 
large  eeils  hlleil  with  fatty  ^^raiinlc>«  occur — i\w.  culostrum-i!or[)iisele«  (fi^f.  289). 
8omctime><  a  nneleits  i.s  oliservable  within  tliein,  and  rarely  they  exliihit  aniOB)x)id 
niQvementa  (tig.  288,  <_%  d^  e).  The  reguhir  seeretion  of  milk  hegin.s  after  three  to 
four  days.  It  was  fonnerly  supposed  that  the  cells  of 
the  acini  underwent  a  fatty  ilegem'ratiou,  aii<I  thna 
priklneeil  the  fatty  gi^anules  td  tlu^  mdk.  It  is  more 
prolrahle,  froni  recent  <d>8ervations,  that  the  cells  nf 
the  aeiin  inannfaeture  tlie  fatty  granules,  and  their 
protopljLsni  eliniimites  thein,  at  tlie  same  time  forming 
tlie  clear  dnid  i«\rt  of  the  in  ilk. 

Changes  in  the  gland  cells  diiriiig  Secretion.— 
I'ratHcli  and  Jleidenliain  found  that  the  secretory  e<dls 
in  the  non-secreting  gland  (fif^.  288,  I),  were  flat, 
polyhedral,  and  uni-nuckatcd,  whilst  the  secreting 
cells  (fig.  288,  II)  often  contained  srvend  nuclei,  were 
more  alhuniiiions,  hi;:^hcr,  and  cylmildcal  in  furm. 
The  edge  id  the  cell  tljrected  towards  the  Inmen  of  the 
acinus  iim<lcrg«>es  characteristic  cliauges  during  secre- 
tion. Fatty  granules  are  formed  in  tliis  part  of  the  cell,  and  are  afterwards 
extmded.  The  decomposed  portion  of  tlie  cell  is  dissolved  in  the  niilkj  and  the 
fatty  granules  become  free  as  niilk-glolmles  (hg.  "1%^^  XL  a).     If  nuclei  are  present 
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Fig.  287, 

AL-iui  of  the  mam  mar}'  gland 
r>r  ft  sheep  during  lactation, 
<f,  nieiubranii  |iropna;  b, 
secretory  cpHlielJiim. 


Fig,  288. 

L  In<ictive  achina  of  the  Jimmnia.     IL  Duriug  the  seeretiou  of  milk— </,  6,  milk-globides  ; 
c,  tf,  €j  eolostrinii  eorpiiacleji ;  /,  pale  cella  (bitcli)» 

in  that  part  of  the  cell  which  is  lu-oken  up,  they  also  pass  into  the  milk  and  give 
rise  td  the  i>rescnce  of  nnelem  in  the  secretion. 

Busidea  the  milk-globiiks  aud  folo^itriim  corpuscles,  Ranber  boa  foutnl  leucocytes  andergoing 
fatty  di'gcTieratioii,  ,tiu1  «iii|^le  psili'  c^lls  {/).  OLcasioaally  milk  globules  are  found  with  traces 
or  llif  cell-siibKtaiice  adbHriiig  to  tlieir  surface  (£»}. 

Forma tion  of  BIilk.—Coijeyiuiiig  tlie  foiiuatioii  of  the  individual  constitTientji  of  milk,  H. 
Thierfobler,  who  iligcnted  fresh  fiMUi»uary  glaudn  directly  after  tb^ath^  found  that  during  the 
digestion  of  tlie  g!iiu«b^,  at  tbc  tomperntme  of  the  borlvT  Ji  redueiiig  siibstaiicej  probably  l&ctoae, 
Wfts  formed  by  ft  proct^sss  of  femieiitJitiou.  Tlie  mollier  »iib*tnuce  (saeebarogKu)  is  soluble  in 
water,  but  not  in  akohol  or  ether,  ia  not  destroyed  by  boding,  and  la  not  identical  with  glycogen* 
The  ferment  which  forms  the  lactose  is  coiinecttid  with  tho  glaod-eell» — it  do«8  not  pa.ss  into 
thi*  milk,  nor  into  a  watery  extract  of  the  gland.  During  the  digestion  of  the  manimaiy  glands 
at  the  tctn{>ernture  of  the  iKidy,  c&aeln  in  forme«l,  j^robably  from  fterum-albumin,  by  a  proewis 
of  fermentatioiL     This*  lennent  oeciira  in  the  milk. 

The  nipple  aod  its  areola  are  ebanicterii^ed  by  the  presence  of  pigment — more  ahumlaut 
duiiiig  pregnanc^^ — in  the  rete  Midpighii  of  tb*»  skin,  and  by  large  |»apillie  in  the  cutis  vem. 
Some  of  the  pft|nllfE  contain  touch -corpuacles,  Nnmeroua  noU'8triiied  inuscnlor  fibrea  anrround 
the  inilk'diicta  in  the  deep  layers  of  the  ^kin  and  in  the  subtu  tan  eons  tissue,  wbicb  contains  no 
fat.     These  muscular  fibres  can  be  traced,  following  a  longitudinal  course,  to  the  termination  of 
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the  duels  OB  the  aurfiiee.  The  small  glattds  of  Uontgotneiy,  which  occar  ou  the  ar^la  during 
lftcUtion»  are  just  small  nijlk-glojids,  t&vh.  with  a  special  duet  o|ieiiing  on  the  sulfac1^  of  the 
elevation, 

Arteriea  proceed  from  several  sources  to  Bupply  the  inniiinio,  hut  their  brnnches  do  not 
iocompaiiy  tht»  milk-duets ;  each  gluud  a<inua  is  surrounded  by  a  network  of  mpUiarks^  wlneh 
comniuidcate  with  those  of  «iijoiiiinj^  acini  bysitiall  avteriej^  and  veinn.  The  veins  of  tlic  are<«da 
art.'  arranged  in  a  circle  (cinmlya  Halleri).  The  uervea  are  derived  from  the  supraclavicular, 
and  the  II-IV-Vl  intcrcostal»  ;  they  priKecd  to  the  skin  over  the  gland,  to  the  very  setisitive 
iiililde,  to  the  lilood-vessels  and  tion -striped  inusclf'  of'  the  nipple,  and  to  the  gland  aciuj,  wh<fre 
their  liiode  of  tennination  is  still  unknown.  Lymphatics  nurround  the  nlveoli,  and  they  (in; 
<iften  fulL  The  ndlk  appeuiH  to  he  pieiiufed  from  the  lymph  contained  in  the  lymphali«35 
Hurioundinf?  the  a^  ini. 

Comparative  anatomy  of  the  mammA. — The  rmlcDts,  insectivora,  aud  canuvora  have  10 
to  Vi  teats,  while  sfinie  of  tluin  have  only  4.  The  pachydermatn  and  mmiiiantiii  have  2  to  I 
aMomiual  teat.H,  the  wliale  ha.s  2  near  the  vulva.  The  ajicSj  bats,  vegetable- feeding  wha]e«^ 
elephants,  and  slothj*  have  2,  like  man.  In  the  inarmipialH  the  tuhe^*  are  arranged  in  riiou[»k, 
wbioli  own  on  a  )iatcb  of  wkiu  devtiid  of  hair  without  any  nipple,  Tlie  yoimg  animals  i-emaia 
within  tiie  mother'^  poueh,  find  the  ndlk  is  espk^Ued  into  llieir  mouths  by  the  action  of  a  muscle 
— the  com  pressor  loatnnue. 

The  development  of  the  human  manmui  l>egiii8  in  both  Hexes  dnniig  the  third  month  ;  Dt 
the  fourth  and  fifUi  nioirthis  a  f«w  simple  tuhulor  ghunl-dui^tii  arc  iirrangL*d  radially  around  the 
msitioij  of  the  future  tiipple^  which  is  devoid  ot  hair.  In  the  new-born  child  the  ducts*  are 
nrauched  twice  or  thrice,  and  aitj  provided  witlt  tlilaled  extrendtiei*,  the  future  acini.  Up  lu 
the  twelfth  year,  in  both  sexeii,  the  duets  continue  to  divide  dendritknlly  ;  hut  without  any 
proper  acini  being  formed.  In  the  girl  at  puberty,  the  dnct;*  braiieh  rapidly;  but  the  neini 
are  forineil  toi/iy  at  the  ixriphent  of  the  gland  ;  during  pregnancy,  aeini  are  also  formed  in  the 
centre  of  the  gland,  wliile  the  connective-tissue  at  the  jiame  time  hecomea  somewhat  inori* 
opened  out.  At  the  climacteric  period,  oi  menojxiuse,  all  the  acini  and  nomerousfine  milk- 
du<i!te deginsr^Mste.  In  tbi-  itdxilt  mtdr^  the  glaud  remaina  in  the  noii-develofK'd  infantile  couditidii. 
Aoceaiory  or  supernumerary  glands  upon  the  breast  and  abdomen  are  not  uncommon,  Bometiincs* 
the  mamma  occurs  in  llie  uxilln,  on  the  Ifack,  over  the  aeioiniou  process,  or  on  the  leg.  A 
alight  secretion  of  milk  in  a  newly-horn  infaiat  in  normal. 

During  the  evacuation  of  the  milk  (500  1500  cubic  centimetres  daily),  there  is  not  only  th© 
mechaniial  action  of  sucking,  but  also  the  nctivity  <^f  the  gland  itself  (§  152).  This  consists  in 
the  erection  of  the  nipfde,  whereby  its  ivon*atrii>ed  muscular  hbres  compress  the  sinuses  on  the 
rni Ik-duet^,  aud  empty  them,  so  that  tlni  ndlk  may  How  out  in  strcaujs.  The  gland  acini  are 
Eihso  excited  to  s^eretion  retlexly  by  the  stimulation  of  the  Bensory  nervea  of  the  nipple  The 
vesaeb  of  the  gland  are  dilated,  and  there  in  a  copious  trauMudatittn  into  the  gland— the 
tranauded  fluid  beinjj  manufacturefl  into  milk  undtr  the  inliuence  of  the  secretory  protoplasm. 
Tho  amount  of  secretion  has  a  rehition  to  the  blood -tu-essu re  {Rohriij),  During  sucking,  not  only 
is  the  milk  in  the*  gland  extmcted,  hut  new  ndlk  is  formixl,  owing' to  the  accelerated  secretion. 
Emotional  disturliance.s— anger,  fear,  kc. — arrest  the  secretion.  LafTont  found  that  stimulation 
of  the  Tnanimary  nerve  (hitch)  caused  erection  of  the  teat,  dilatation  of  the  vessels,  and  secretion 
of  ndlk.  After  Mectiou  ol  tlie  cerebro-Koinal  nervos  going  to  the  mammae  Eckhard  observed  that 
erection  oi  the  teat  ceased,  although  tne  st*cretion  of  milk  in  agont  was  not  internipted.  Ill* 
rarely  observed  galactorrhcBa  is  perhapsi  to  be  regarded  as  a  paralytic  secretion  atudogous  to  the 
mralytic  yecretion  of  i<aliva,  Heidenbain  and  Pratsch  found  that  the  Necretion  (bitch)  Wft8 
increased  by  injecting  wtrychnine  or  curare  after  Jicction  of  the  nerve*«  of  the  gland.  The 
**  milk -fever,'*  which  iK^companies  the  lirst  secretion  of  milk,  probably  depends  on  stimulation  of 
the  vaao-motor  nerves,  but  this  comlition  must  be  studied  in  relation  with  the  other  chang*^ 
which  occur  within  the  pelvic  cavity  after  birth.  [Son^e  suh^tancps,  nuch  as  atropin,  aiTest  \\w 
swretion  of  milk.] 

231.  MILK  AND  ITS  PEIIPABATIONS.^Milk  ic presents  a  complete   op 

typical  food  in  wkicb  nre  prtvstmt  all  llu*  i"i>iistittients  iieci^^siirv  for  umiutaiDtng 
tlnj  life  and  growth  of  the  l»o<ly  uf  uii  iiifniit  (§  236).  [It  coiitidiis  82-90  |ht  cout, 
of  watt'r,  uiul  10-18  per  f<.'nt.  of  solids  vurynig  with  tlic  aiiiiniirs  milk  invewti- 
gnU*d.  In  roninl  luimbc^rs,  tht*  water  =  87  5,  ijroteid  =  3r>,  fats  ~  4,  sugar  =  5,  and 
tisli  =  06,  Tht'  fioliils  uf  milk  (;oiJ«ist  uf  proteids  (cliicdiy  ca^sein  or  casfiiiogeii), 
fatn,  ciirbobydrut^s  (lactcjHc),  and  inorfrtijiic  suIUh.]  [If  an  mlnlt  wei-c  t*j  livt*  cm 
milk  abnic.%  tt»  get  tlie  23  o?,  of  tlry  .solids  lU'cessury,  lie  woidd  have  to  tnku  9  |»ititti 
of  milk  daily,  winch  would  give  far  tt>o  much  wattn,  fat,  utnl  jiroteids,  ]  To 
every  10  partw  of  iirotoidi*  tln^i-e  are  10  j>art*  fat  and  20  [»arts  nugaiv  Kidutively 
inoro  of  tilt*  fat  tlmn  tin:  inotcdd  id  the  milk  i^  alw^orlitid  (Bufmer), 


Sec.  231.] 


THE   COMPOSITION   OF  MILK. 


42.S 


Characters. — Milk  is  an  opaque,  bluish- white  fluid,  with  a  sweetish  taste  and  a 
characteristic  odour,  probably  due  to  the  peculiar  volatile  substances  derived  from 
the  cutaneous  secretions  of  the  glands,  and  it  has  a  specific  gravity  of  1026  to  1035. 
When  it  stands  for  a  time,  numerous  milk  globules,  butter  globules  or  cream, 
collect  on  its  surface,  under  which  there  is  a  bluish  watery  fluid.  Human  milk  is 
always  alkaline,  cow's  milk  may  be  alkaline,  acid,  or  amphoteric ;  while  the  milk 
of  carnivora  is  always  slightly  acid. 

[ftuantity  secreted. — A  woman  secretes  800  cc.  to  1  litre  and  a  cow  6-7  litres 
per  day.] 

Milk-U'Iobiiles. — When  milk  is  cxammed  microscopically,  it  is  seen  to  con- 
tain numerous  small  highly  refractive  oil-globules  [00015-0-005  millimetre  in 
diameter],  floating  in  a  clear  fluid -the  milk-plasiiia  (figs.  288,  a  b,  289) ;  while 
colostrum  corpuscles  and  epitheliimi  from 
the  milk-ducts  are  not  so  numerous.  The 
white  colour  and  opacity  of  the  milk  are 
due  to  the  presence  of  the  milk-globules, 
which  reflect  the  light;  the  globules  con- 
sist of  a  fat,  or  butter,  and  are  said  by  some 
to  be  surrounded  with  a  very  thin  envelope 
of  casein  or  haptogen  membrane  [so  that 
milk  is  a  perfect  emulfiioii.] 

If  acetic  acid  or  liquor  potassse  be  added  to  a 
microscopic  preparation  of  milk,  the  fatty  granules 
run  together  to  fonn  irregular  masses.  If  cow's 
milk  be  shaken  with  caustic  potash,  the  casein 
envelopes  are  dissolved,  and  if  ether  be  added,  the 
milk  becomes  clear  and  transparent,  as  the  ether 
dissolves  out  all  tlio  fatty  particles  in  the  solution. 
Ether  cannot  extract  the  fat  from  cow's  milk  until 
acetic  acid  or  caustic  potash  is  added  to  lil»erate  the 
fats  from  tlieir  envelopes  ;  but  shaking  with  ether 
is  sufficient  to  extract  the  fats  from  human  milk. 
Some  obsei-vers  deny  that  an  envelope  of  casein 
exists,  and,  according  to  them,  milk  is  a  simple  emulsion,  kept  emulsioniscd  owing  to  tlie  colloid 
swollen-up  casein  in  the  milk-plasma.  The  treatment  of  milk  with  potash  and  ether  makes  the 
casein  unable  any  longer  to  preserve  the  emulsion  {Sarhlet). 

The  fats  of  the  milk-globules  are  th(;  triglycerides  of  stearic,  palmitic,  oleit; 
acids ;  very  little  myristic,  arachic  (butinic),  capric,  caprylic,  caj)roic,  and  butyric 
acids,  with  traces  of  acetic  and  formic  acids  and  cholesterin. 

[The  fats  of  milk  exist  in  an  emulsified  condition,  but  even  the  finest  milk- 
globules  are  much  larger  than  the  so-called  molecular  granules  of  chyle.  The  fats 
of  milk  are  all  animal  fats,  a  mixture  of  olein,  stearin,  and  palmitin,  small 
quantities  of  capronin,  and  butyrin  (tri-glycerides  of  caproic  acid  Cg  H^j  0«  and 
butyric  acid  C^  Hg  O^).  Their  melting  point  is  between  31  and  SS"*  C.  According 
to  Lebedeff",  human  milk  contains  twice  as  much  oloin  as  pahnitin  and  stearin, 
while  in  cow's  milk  they  are  about  equal.  Butyrin  and  capronin  make  up  al>out^4 
of  the  fats  of  milk  {Munk).] 

Butter. — When  milk  is  beaten  or  stin-ed  for  a  long  time  {i.e.,  chunicd),  the  fat  of  the  milk- 
globules  is  ultimately  obtained  in  the  form  of  buUer,  owing  to  the  rupture  of  the  envelopes  of 
casein.  Butter  is  soluble  in  alcohol  and  ether,  and  it  is  clarified  by  heat  (60**  C. ),  or  by  washing 
in  water  at  40"  C.  When  allowed  to  stand  exposed  to  the  air,  it  first  becomes  Bour,  owing  to 
the  fonnation  of  lactic  acid,  and  afterwards  rancid,  owing  to  the  glycerin  of  the  neutral  fats 
being  decomiKxsed  by  fungi  into  acrolein  and  fonnic  acid,  while  the  volatile  fatty  acids  give  it 
its  ranciii  odour. 

The  milk-plasma  is  a  clear,  slightly  opalescent  fluid,  and  contains  casein 
(§  249,  III.  3)  -the  chief  proteid  of  milk— some  lact-albimiin  (§  32),  small 
quantity  of  nuclein,  and  a  trace  of  ditistatic  ferment  (in  human  milk). 


Fig.  289. 

Microscopic  appearance  of  milk,  (M)  upper 

half,  and  colostrum  (C)  lower  half. 
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Tlie  presence ofotiier|>eculiiir  cUcmicjil  l>odiea,  r.j/.,  lactopmteiiu  globuliii,  albumofle,  gulactin, 
&c.,  is  di»|jutetl  by  some  clieruiata.  Scbelic'a  distingnkhos  lK^sid<?s  the  above  proteidd  Iftcto- 
globulin. 

[Proteids  of  Milk — TIktl^  niv.  Uvo  pruteids  in  iidlk,  «me  usuully  ralUnl  casein, 
Init  wliieh  lliilliluirtoii  proposPH  to  call  cafieinogen  (p.  299);  this  m  tlio  tdiief 
jiToU-'id  and  <'oagiilat4'H  on  the  iidditioii  of  r*?imt't.  Tiio  other  Is  ]>restnit  in  small 
ittnoimfc  mid  reseiiild^^s  rffruiii-iilUiiniiii  in  soiiio  L-haniutiTs,  ;iiid  is  called  lact* 
albumin,] 

[Ca£emogen  umy  he  preeipitjiteil  hy  the  mlditiini  of  neiils,  nr  l>y  j^ituratiug  Uie 
milk  with  iieiitrfii  .sjilt^,  or,  I  setter  still,  hy  a  comhimitiou  of  lK>th  methods.  It  is 
iiiimediiitely  elotti^d  ut  40"^  hy  tvmiet,  hut  if  it  he  washeil  to  fn-e  it  of  all  calcic 
pho8phat^^»  idottiiig  doei*  not  then  take  place.  Cui^^inoi^en  is  usually  stated  to 
leHemhlo  alkali-all uimiii,  hut  the  latter  does  not  clot  with  reimin.  In  its 
hehaviour  towards  neutral  salts  eiueinojjjen  liehave^?  Hke  a  pflobuliu,] 

[Casein. -=This  name  is  restrictf^d  hy  Ihillihnrton  to  the  prot'citl  formi'd  hy  the 
action  of  it^nniii  on  ca^^cinogen.  It  is  insoluhle  in  the  whey,  atid  is  the  chief  con- 
sti  ti  lent  o  f  V 1 1  ee.se*     Fos  te  r  en  lis  1 1  le  von  ^n  1  a  ted  ease  i  n  t  yrein.  ] 

[Lact-albnmin  reniains  in  solution  after  precipitati^ui  nf  eai^ieinogen  hy  Mg804 . 
It  coagulates  at  TC-HOX',  and  m  not  se]mral>le  !iy  fraitional  heat-coagulation  into 
several  alhnmius.] 

[Lacto-globulin  h  uluteut  in  tionaal  milk  although  it  is  present  in  colostrnm.] 
[ProteOBes  and  peptonee  are  aluHL^nt  {Udiiibitrtott}.] 

Wlicn  milk  is  boiled  the  albumin  eoagulates,  while  the  surface  also  becomes 
*'<ivered  with  a  tliin  semn  or  layer  of  caseiuj  which  has  heeonie  insoluble  [the  rest 
of  the  milk  remaining  thiiii  The  scum  is  in  [lart.,  jterhapti,  laet-aihumin  with 
altered  ca-sidnogen  ant!  some  fat.] 

Casein.  —  When  milk  ia  liltered  through  fresh  animal  membran««  or  tbrovigh  a  day  filter  [iVf., 
through  a  rioroas  t  Iny  cell  under  preH«ure]j  tht^  ctiJiriv  dnfs  Dfit  pass  tliro»;u;h.  [This  shows  that 
the  *^asein  m  not  in  a  state  of  true  Bolntion  in  the  milkplaKma.  ]  Precipitation.  —  It  is  precipi- 
tated by  adding  tTystals  of  MgSO^  to  sntaratioii.  [If  to  milk  twite  its  vobniic  of  a  saturated 
Bohiiioii  of  NaCl  nm]  erj'stals  of  NaCl  he  lidded,  and  the  whok*  tilhikoti  tliotongldy,  casein  is 
precipitated,  and  carries  down  with  it  fat,  so  that  the  clear  filtrate  contains  the  lactase,  salts, 
iunl  coa>{Hlal>lti  prtit«id«.] 

Tlie  plasma  eontains  milk-BUgar  (g  252)  [whirh  diirers  fmm  tlextrose  cliiefiy  in 
its  much  less  solnhility  in  water  and  alcohol,  ami  it^  much  less  tendency  to 
crystallise.  Nor  docs  it  widergo  the  aleoliobr  ferment^itii^n  ilirectly] ;  a  carbohy- 
drate resembling  dextrin,  (I  lactic  aciil),  lecithin,  nrea,  extractives,  kieatin,  sarkin, 
(potsissic  sidphiuyanide  iti  cow's  milk),  sodic  and  ]K»tiissic  chlorides,  alkaline 
phosphates,  eahaum  and  magnesium  sidphute^s,  alkaline  carbomites,  traces  of  i|H~in» 
flttorine,  <tnd  silica  ;  Cty.y  ^">  -ind  U. 

The  coagulation  of  milk  drjMnuh  iqton  the  €tmgu/fifitm  qf  tfjt  c/iJwiVr,  or,  as  it  ia  callcfl,  cfiJfcino^efU 
In  milk,  casemogen  la  condiined  with  cah-inm  phcsphate,  which  kee|>6  it  in  »)hiti^Q  ;  acids 
wbieh  act  on  tlie  cnkinni  phosphnte  cause  coagulation  of  the  ca3eino)|«n  (acetic  and  tartaric 
acid«  ill  exce^H  jedb?si>Ivi'  it).  Ail  fleid»  do  not  coagulate:  bunian  milL  It  la  congnlated  by 
two  or  more  drops  of  hydrochloric  acid  (0"1  pr  cent)  or  acetic  acid  (0'2  jier  cent.).  The 
ipontaneoni  coagulation  of  milk  after  it  haa  Htood  for  a  tinie,  cs|)ecially  in  a  warm  place,  b 
due  to  the  priHluetioii  ui  lactic  acid,  which  is  foitind  from  the  initk-suj^ur  in  the  milk  by  the 
action  of  bacilliia  acidi  lactici  [which  k  iotroduce^J  from  witboitt]  (§  184,  h).  It  ebunges  tbe 
neutral  alkaline  phr^phatc  into  the  acid  phof^j^bute,  takes  the  eas^dn  from  the  ealcittm  pboa> 
pbat«,  and  preciiutatea  the  cawin.     The  sugar  is  d<^i:'omj»osed  into  luetic  aeid  and  Ct\ 

Soniiug  of  Milk.— When  milk  is  cx[josed  to  the  air  for  a  time— vary iog  with  the  t«Tyjierattiro 
—  it  first  Ijccomps  nmitnil^  and  then  gmdnally  acid  ;  bat  for  a  time  k  rcjiiains  ftuid,  even 
althougli  acid.  The  acidity  steadily  increases,  aud  after  a  certain  degree  of  aciility  tbe  milk 
thickeujj,  and  tinally  a  jeUy-like  mass  is  fonned.  This  clot  giadually  shrinks— not  atdike  a  blood 
clot — and  squeezes  out  a  small  quantity  of  Hn id,  the  milk-aemm. 

Rennet  or  rennin  (§250,  0,  i/,  g  16t5,  11.)  eoagidates  milk  with  an  aRaUnr  reaction  {aweel 
whey).  This  ferment  dacompoaea  the  casolnogen  into  the  nreeipitated  cheejie  (caftein)  and  alao 
into  the  sHgJttly  soluble  whey-albumin,  so  that  the  coagntation  l>y  rennet  is  a  proceaa  quite 
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distinct  from  the  coagulation  of  milk  by  the  gastric  and  i>ancreatic  juices,  [and  also  from  the 
precipitation  product  by  acids.  The  presence  of  calcium  phosphate  seems  to  be  necessary  for 
the  complete  action  of  the  rennet  {Hammarsten).  ] 

[Experiments  with  rennet  and  milk. — Warm  a  little  milk  to  40"  C,  and  add  a  few  drops  of 
commercial  rennet,  setting  aside  the  mixture  in  a  vrarm  place  ;  a  solid  coagulum  is  soon  formed, 
and  by  and  by  the  whey  separates  from  it.  If  the  milk  be  previously  diluted  with  water,  no 
coagulum  is  formed  ;  and  if  the  rennet  be  boiled  before,  it,  like  other  ferments,  is  destroyed.  A 
solution  of  rennet  may  be  pre|»ared  by  extracting  the  fourth  stomach  of  the  calf  with  glycerin. 
[When  the  milk  is  coagulated  we  obtain  the  cnra,  consisting  of  casein  with  some  milk-globules 
entangled  in  it ;  the  wnej  contains  some  soluble  albumin  and  fat,  and  the  great  proportion  of 
the  salts  and  milk-sugar,  together  with  lactic  acid.] 

[Under  the  influence  of  weak  specimens  of  rennet  ferment  the  casein  of  milk  may  not  undergo  a 
complete  change  to  the  more  insoluble  form  of  tyrein  (p.  290).  The  change  may  merely  consist  in 
certain  chemical  qualities  of  the  casein  being  altered,  the  milk  itself,  as  far  as  clotting  or  naked 
eye  characteristics  are  concerned,  being  apparently  unacted  upon  by  the  rennet  ferment  The 
changes  wbich  the  casein  undergoes  in  these  circumstances  are  that  it  becomes  precipitated  by  a 
lower  percentage  of  neutral  salts  or  of  free  acid  ;  whereas,  under  ordinary  circumstances,  there 
is  no  separation  of  casein  by  adding  an  equal  bulk  of  saturated  solution  of  sodium  chloride  to 
milk  (there  being  required  almost  total  saturation  with  the  salt),  yet  under  the  above  conditions  an 
abundant  separation  of  this  changed  casein  occurs.  With  hydrochloric  acid,  lust  half  the  strength 
necessary  to  precipitate  the  casein  in  milk  will  form  a  cui-d  when  the  milk  has  been  subjected 
to  such  weak  rennet  ferment.  One  more  point  is  of  interest,  and  that  is  that  the  casein  thus 
changed  will  coagulate  on  boiling,  but  for  certain  reasons  this  is  not  so  satisfactory  a  test  of  the 
change  as  the  action  of  neutral  salt  or  free  acid. 

Pancreatic  juice  was  long  ago  described  as  possessing  a  rennet  fennent  Very  strong 
specimens  do  not  show^  this  action,  probably  because  the  proteolytic  action  masks  it,  but  less 
strong  will  give  the  above-mentioned  characteristics  though  there  may  be  no  clotting  of  the 
milk  as  a  whole.  This  power  of  the  milk  of  becoming  coagulated  on  boiling  after  treat- 
ment with  pancreatic  extracts  was  described  first  by  Roberts  as  the  metacasein  reaction  {J,  S. 
Edkins).] 

[A  milk-ooagalating  ferment  is  found  in  certain  plants  (artichokes,  figs,  Carica  papaya),  and 
causes  milk  to  coagulate  in  neutral  or  alkaline  solutions.  It  is  also  found  in  the  small  intestine 
of  the  calf,  while  a  5  per  cent.  NaCl  solution  of  the  seeds  of  WUhania  coagulans  coagulates 
inilk  in  an  alkaline  medium.] 

Boiling  (by  killing  all  the  lower  organisms),  sodium  bicarbonate  (it'jri)*  ammonia,  salicylic 
acid  (t(^),  glycerin,  and  ethereal  oil  of  mustard  prevent  the  spontaneous  coagulation.  Fresh 
milk  makes  tincture  of  guaiacum  blue,  but  boiled  milk  does  not  do  so.  When  milk  is  exposed 
to  the  air  for  a  long  time,  it  gives  oil  CCj  and  absorbs  0  ;  the  fats  arc  increased  (?  owing  to  the 
development  of  fungi  in  the  milk),  and  so  arc  the  alcoholic  and  ethereal  extracts  from  the  de- 
composition of  the  casein.  According  to  Schmidt-Miilheim,  some  of  the  casein  becomes  con- 
verted into  peptone,  but  this  occui*s  only  in  unboiled  milk. 

Gompoeition.— 100  parts  of  milk  contain— 


Haman.                                        Cow. 

Goat. 

Ass. 

Water,       . 

87*24  to  90-58                            86*23 

86-85 

89-01 

Solids,       . 

9*42  „  12*39                            1377 

13-62 

10*99 

Casein,  . 
Albumin, 

2*91,,    3*92ji.,,^2*36{   l'^ 

2-63  \ 
1-26 

3*57 

Butter,  . 

2**67  „    4*30                             4*60 

4*84 

1*85 

Milk-sugar,    . 

3*15  „    609                              4*93 

3*781 

5*05 

Salts,     . 

0*14  „    0*28                              0*61 

0*65/ 

[Cow's  r.  Human  Milk. —The  milk  of  the  ass  most  closely  resembles  human  milk,  only  the 
former  contains  much  less  fat.  Cow's  milk  is  ^  richer  in  proteids,  but  f-^  poorer  in  sugar.  By 
a<lding  ^  vol.  of  water  and  sugar  cow's  milk  can  be  made  to  resemble  human  milk.  Human  milk 
contains  a  very  small  amount  of  inorganic  salts,  its  milk  globules  are  smaller,  and  there  are 
qualitative  differences  in  its  coagulated  casein  as  compared  with  cow's  milk.  Cow's  milk  yields 
a  dense  curd,  while  the'curd  of  human  milk  falls  in  a  more  fiocculent  condition;  moreover,  human 
milk  is  more  easily  digested  both  by  normal  and  artificial  gastric  juice  than  cow's  milk.] 

[The  following  table  shows  the  difference  in  composition  between  oolostmm,  (1-5  days  after 
<lelivery)  and  milk  (from  the  7th  day  onwards). 

In  100  parts. 


Colostrum, 
Milk, 


Vater. 

Proteids.     1 

Fats. 

Sugar. 

Salts. 

86*4 

1 
6-8 

3*4 

4-5 

0-4 

87*8 

2*6 

3*9 

55 

0-3 
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ColoBtnnn,  therefore,  is  richer  in  solids,  and  the  latter  cooslst  chiefly  of  albamio/  and  Imt 
little  caseiu.  The  casein  gradually  increases  at  the  exiMjnsie  of  the  albumin,  and  on  the  7lb 
day  there  is  chiefly  casein  and  little  albumin.     Colostrum  contains  less  sugar.] 

Oases.— Pfliigcr  and  Setschenow  found  in  100  vols,  of  milk  S'Ol  to  7*60  CO,  ;  0*09  to  0-82  0  ; 
0'70  to  1*41  N,  according  to  volume.     Only  part  of  the  CO,  is  expelled  by  phosphoric  acid. 

Salts. — The  jwtajih  salts  (as  in  blood-corpuscles  and  muscle  are  more  abundant  than  the  soda 
compounds,  while  there  is  a  considerable  amount  of  calcium  phosphate,  which  is  necessary  for 
forming  the  hoiics  of  the  infant  Wildenstein  found  in  100  parts  of  tlie  ash  of  human  milk — 
sodium  chloride,  1073;  potassium  chloride,  26'33  ;  potash,  21'44  ;  lime,  1878;  magnesia, 
0'87  ;  phosphoric  acid,  19  ;  ferric  phosphate,  0*21  ;  sulphuric  acid,  2*64 ;  silica,  traces.  The 
amount  of  salts  present  is  affected  by  the  salts  of  the  footl. 

[Bunge  givos  the  following  table  of  the  composition  of  the  salts  of  milk  : — 


I 

I  In  1000  pai-t."* 

I 
Woman's  milk, 

i  Cow's  milk,   . 


07      I      0-3 


Sodn.     I  Calcium.     Magnesia. 
0-3 


Iron  oxide.  I'hofPhwic   chlorine.  I 
Add.  I 

I I 


0-1 


1-8 


1-i 


1-6 


0-2 


0  006 
0-004 


0-5 
2-0 


I 


0-4 
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Conditions  Influencing  the  Ck)mpoeition  of  Milk.— The  ofteuer  the  bi*easts  are  emptied,  the 
richer  the  milk  becomes  in  caseiu.  The  last  milk  obtained  at  any  time  [^'strippings"]  is  always 
richer  in  butter,  as  it  comes  from  the  most  distant  part  of  the  gland — viz.,  the  acini.  Some 
substances  are  diminished  and  others  increased  in  amount,  according  to  the  time  after  delivery. 
The  following  arc  increased  : — Until  the  2ud  month  after  delivery,  casein  and  fat ;  until  the 
5th  month,  the  salts  (which  diminish  progressively  from  this  time  onwards) ;  from  the  8th  to 
the  10th  month,  the  sugar.  The  following  are  diminished : — from  10th  to  24th  month,  caseiu; 
from  6th  to  6th  and  10th  to  11th  mouth,  fat ;  during  1st  month,  the  sugar;  from  the  5th 
month,  the  salts. 

The  greater  amount  of  milk  that  is  secreted  (woman),  the  more  casein  and  sugar,  and  the 
leas  butter  it  contains.  The  milk  of  a  primipara  is  less  watery.  Rich  feeding,  especially  pro- 
teids  (small  amount  of  vegetable  food),  increases  the  amount  of  milk  and  the  caseiu,  sugar,  and 
fat  in  it ;  a  large  amount  of  carbohydrates  (not  fats)  increases  the  amount  of  sugar. 

Modifying  Conditions. — That  cow's  milk  is  influenced  by  the  pasture  and  food  is  well  known. 
Turnip  as  food  givc^  a  peculiar  odour,  taste,  aTid  flavour  to  milk,  and  so  do  the  fragrant  grasses. 
The  mental  state  of  the  nurse  influences  the  quantity  and  quality  of  the  milk.  Jaborandi  is 
the  nearest  approach  to  a  ^iilactagogue,  but  its  action  is  tenii)orary.  Atropin  is  a  tnic  anti- 
galactagoguc.  The  composition  of  the  milk  may  be  aft'ected  by  using  fatty  food,  by  the  use  of 
salts,  and  above  all  by  the  diet  {Dolaii). 

[Milk  may  be  a  vehicle  for  communicating  disease— by  dii-ect  contamination  from  the  water 
used  for  adulterating  it  or  clean.sing  the  vessels  in  which  it  is  kept ;  by  the  milk  absorbing 
deleterious  gases  ;  by  the  secretion  being  altered  in  diseased  animals.  1  Milk  ought  not  to  be 
kept  in  zinc  vessels,  owing  to  the  formation  of  zinc  lactate. 

Substitutes  for  Milk. — If  other  than  human  niilk  has  to  be  use<l,  ass's  milk  most  closely 
resembles  human  milk.  Cow's  milk  is  best  when  it  contains  plenty  of  fatty  matters — it  must 
be  diluted  with  its  own  volume  of  water  at  first  and  a  little  milk-sugar  added.  The  casein  of 
cow's  milk  diifers  <iualitatively  from  that  of  human  milk  ;  its  coagulate<l  flocculi  or  curd  sre 
much  coarser  than  the  line  curd  of  human  milk,  and  they  are  only  j  dissolved  by  the  digestive 
juices,  while  human  milk  is  comj)letely  dissolved.  Cow's  milk  when  boiled  is  less  digestible 
than  unboiled  milk. 

Tests  for  Milk. — The  amount  of  cream  is  estimated  by  placing  the  milk  for  twenty-four 
hours  in  a  tall  cylindrical  glass  graduated  into  a  hundred  part**,  or  creamometer  ;  the  cream 
collects  on  the  surface,  and  ou^dit  to  form  from  10  to  24  vols.  \\cv  cent.  [The  cream  is  gene- 
rally about  1^0.]  The  specific  gravity  (fresh  cow's  milk  1029  to  1034  ;  when  creame<l,  1082 
to  1040)— is  estimated  with  the  lactometer  at  lb"  C.  The  sugar  is  estimated  by  titration  with 
Fchling's  solution  (§  150,  II.),  but  in  this  case  1  cubic  centimetre  of  the  solution  corresponds 
to  O'0G7  grm.  of  milk-sugur  ;  or  its  amount  may  be  estimated  by  means  of  the  saccharimeter 
(§  150).  Proteids  are  jnecipitated  an<l  the  fata  extracted  with  ether.  The  fats  in  fresh  milk 
form  about  3  per  cent.,  and  in  skimme«l  milk  H  ])cr  cent.  The  amount  of  water  in  relation 
to  the  milk-globules  is  estimated  by  the  lactoiscope  or  the  diaphanometer  of  Donne  (mo<li. 
ficd  by  Vogel  and  Hoppe-Seyler),  which  consists  of  a  glass  vessel  with  plane  parallel  sides  placed 
1  centimetn*  apart.  A  measure*!  quantity  of  milk  is  taken,  and  water  is  added  to  it  from  a 
buH'tto  until  the  outline  of  a  candle  flame  placed  nt  a  (listance  of  1  metro  can  be  distinctly  seen 
through  the  diluted  milk.  This  is  done  in  a  dark  room.  For  1  cubic  centimetre  of  good  cow*s 
milk,  70  to  85  centimetres  water  are  required.     [Other  forms  of  lactosco|)e  are  used,  all  depend- 
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ing  on  the  same  principle  of  an  optical  test,  viz.,  that  the  oiiacitv  of  milk  varies  with  and  is 
proportional  to  tne  amount  of  butter- fats  present,  i.c^  the  oil-globules.  Bond  uses  a  shallow 
cylindrical  vessel  with  the  bottom  covered  by  black  lines  on  a  white  surface.  A  measured 
(quantity  of  water  is  placed  in  this  vessel,  and  milk  is  added  drop  by  drop,  until  the  parallel 
lines  on  the  pattern  at  the  bottom  of  the  dish  cease  to  be  visible.  On  counting  the  number  of 
drops  a  table  accompanying  the  appliance  gives  the  percentage  of  fats.  This  method  gives 
approximate  results.     In  all  cases  it  is  well  to  use  fresh  milk.] 

various  substances  pass  into  the  milk  when  they  are  administered  to  the  mother — many  odori- 
ferous vegetable  bodies,  e.g.j  anise,  vermuth,  garlic,  &c.  ;  chloral,  rhubarb,  opium,  indigo, 
salicylic  acid,  iodine,  iron,  zinc,  mercury,  lead,  bismuth,  antimony.  In  osteomalacia  the 
amount  of  lime  in  the  milk  is  increased  {Ghisscrow),  Potassium  iodide  diminishes  the  secretion 
of  milk  by  atfecting  the  secretory  function.  Amongst  abnormal  constitiients  are— haemoglobin, 
bile-pigments,  mucin,  blood-cori)uscles,  pus,  fibrin.  Numerous  fungi  and  other  low  organisms 
develop  in  evacuated  milk,  and  the  rare  blue  milk  is  due  to  the  development  of  bacillus 
cyanogeneum.  The  milk-serum  is  blue,  not  the  fungus.  Blue  milk  is  unhealthy,  and  causes 
diarrhoea.  There  are  fungi  which  make  milk  bluish-black  or  green.  Bal  and  yellow  milk  are 
produced  by  a  similar  action  of  chromogenic  fungi  (§184).  The  former  is  produced  by  Micro- 
coccus prodigiosus,  which  is  colourless.  The  colour  seems  to  be  due  to  fuchsin.  The  yellow 
colour  is  produced  by  bacillus  synxanthus.  Some  of  the  pigments  seem  to  be  related  to  the 
aniline-,  and  others  to  the  phenol-colouring  matters  {HUppe), 

The  rennet-like  action  of  bacteria  Is  a  widely  diffused  property  of  these  organisms ;  they 
coagulate  and  iieptonise  casein,  and  may  ultimately  produce  further  decompositions.  The 
butyric  acid  bacillus  (§  184)  first  coagulates  casein,  then  peptonises  it,  and  finally  splits  it  up, 
with  the  evolution  of  ammonia  (Hilppe). 

Milk  becomes  stringy  owing  to  the  action  of  cocci  which  form  a  stringy  substance  ["deaUran, 
CiaHjoOjo  {Scheibler)\  just  as  beer  or  wine  undergoes  a  similar  or  ropy  change.  [The  milk  of 
diseased  animals  may  contain  or  transmit  directly  infectious  matter.] 

Preparations  of  Milk.— (1)  Condensed  Milk. — 80  gnns.  cane-sugar  are  added  to  1  litre  of 
milk  ;  the  whole  is  evaporated  to  |  ;  and  while  hot  sealed  up  in  tin  cans.  For  children  one 
teaspoonful  is  dissolvedf  iu  a  pint  of  cold  water,  and  then  boiled. 

(2)  Koumiss  is  pre]:>ared  by  the  Tai-tars  from  mare's  milk.  After  the  addition  of  koumiss 
and  sour  milk,  the  whole  is  violently  stirred,  and  it  undergoes  the  alcoholic  fennentation, 
whereby  the  milk-sugar  is  first  changed  into  galactose,  and  then  into  alcohol  ;  so  that  koumiss 
contains  2  to  3  per  cent,  of  alcohol ;  while  the  casein  is  at  first  precipitated,  but  Is  afterwards 
partly  redissolved  and  changed  into  acid-albumin  and  peptone.  Tartar  koumiss  seems  to  be 
produced  by  the  action  of  a  special  bacterium  (Diaspora  caucasia). 

[How  is  Milk  formed? — It  is  ohvious  from  its  chemical  composition  that  milk  is 
not  a  simple  tmnsudation  from  the  blood,  for  casein  and  lactose  occur  in  it  in  large 
amount,  and  neither  of  these  is  present  in  the  blood ;  moreover,  there  is  much  fat, 
which  occurs  only  in  small  amount  in  the  blooil.  Lastly,  the  ash  of  milk  is 
quantitatively  different  from  the  ash  of  l)lood-plasma.  Milk,  therefore,  is  a 
chemical  product,  due  to  the  secretory  activity  of  the  cells  of  the  mammary 
glands,  which  find  only  the  raw  material  in  the  blood,  and  from  this,  by  their  own 
subtle  chemistry,  manufacture  the  specific  products  of  the  milk.] 

[Source  of  the  Fats. — A  plentiful  supply  of  proteid  food  increases  the  amount  of 
milk  and  its  specific  constituents,  but  most  of  all  it  increases  its  richness  in  fats. 
It  seems  clear  tliat  the  fats  of  milk  are  not  derived  from  the  fats  taken  with  the 
food,  but  are  obtained  from  the  splitting  up  of  proteid  molecules,  and  we  know 
that  albumin  does  split  up  under  certain  conditions  into  a  nitrogenous  and  a  non- 
nitrogenous  molecule.  Further,  in  a  bitch  fed  on  pure  flesh  diet,  the  milk 
contains  a  very  large  amount  of  fat.] 

[The  addition  of  fat  to  the  food  rather  diminishes  than  increases  the  fats  of  the 
milk,  if  there  be  not  simultaneously  sufficient  proteids  in  the  food.] 

[Source  of  the  Sugar. — ^Thc  carbohydrates  of  the  food  have  no  effect  on  the 
amount  of  sugar  in  the  milk,  and  even  in  herbivora  there  is  no  special  effect 
to  be  noted.  The  greatest  part  of  the  sugar  is  also  derived  from  the  proteids,  for 
bitches  fed  on  an  exclusively  animal  diet  (flesh)  yield  a  considerable  amount  of 
sugar.] 

[Source  of  Casein. — ^This  seems  to  be  derived  from  the  proteids  of  the  blood  and 
lymph.] 
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[To  increase  the  quantity  of  milk,  tlierefore,  proteid  food  must  be  given.] 

[Margarine  or  artificial  batter. — The  best  form  is  beef  fat  freed  from  its  stearin  and 
mixed  with  milk  or  genuine  butter-colouring  and  flavouring  ingredients.  If  prepared  from 
wholesome  pure  animal  fats,  it  has  a  nutritive  value  little  inferior  to  butter,  but  it  neems  to 
be  less  assimilable  than  butter.] 

(3)  Cheese  is  prepared  by  coagulating  milk  with  rennet,  allowing  the  whey  to 
separate,  and  adding  salt  to  the  curd.  When  kept  for  a  long  time  cheese  "  rip^is," 
the  casein  again  becomes  soluble  in  water,  probably  from  the  formation  of  soda 
albuminate ;  in  many  cases  it  becomes  semi-fluid,  when  it  takes  the  characters  of 
peptones.  When  further  decomposition  occurs,  leucin  and  ty rosin  are  formed. 
[The  word  ty  rosin  is  derived  from  Tvpoj,  cheese.]  The  fats  increase  at  the 
expense  of  the  c^isein,  and  they  again  undergo  further  change,  the  volatile  fatty 
acids  giving  the  characteristic  odour. 

The  formation  of  |)eptone,  leucin,  tyrosiu,  and  the  decomposition  of  fat  recall  the  digestive 
processes.  [Cheese  is  coagulated  casein,  entangling  more  or  less  fat,  so  that  the  richness  of  the 
cheese  will  dewnd  uiwn  the  kind  of  milk  from  which  it  is  made.  There  are,  in  this  sense, 
three  kinds  of  cheese,  whole  milk,  skim  milk,  and  cream  cheese,  the  last  being  represented  by 
Stilton,  Roquefort,  Cheshire,  &c.  The  comj^sitiou  is  shown  in  the  following  table  after 
Bauer : — 


Water. 

XitrogenouN 
Matter. 

Kat. 

Extractives. 

Ash. 

Cream  cheese. 
Whole  milk,    . 
Skim  milk. 

35-75 
46-82 
48-02 

7-16 
27-62 
32-65 

30-43 

20-54 

8-41 

2-53 
2-97 
6-80 

413 
8-05 
4-12 

Cream  cheese,  especially^  if  it  be  made  from  the  goat's  milk,  acquires  a  very  high  odour  and 
strong  flavour  when  it  is  kept  and  **  ripens "  ;  the  casein  is  jmrtly  decomposed  to  yield 
ammonia  and  ammonium  sulphide,  while  the  fats  yield  butyric,  caproic,  and  other  acids.] 

282.  EGrGS  must  be  regarded  as  a  complete  food,  as  the  organism  of  the  young 
chick  is  developed  from  them.  The  yolk  contains  a  characteristic  proteid  body — 
vitellin  (§  249),  and  an  albuminate  in  the  envelopes  of  the  yellow  yolk  spheres — 
nticleiny  from  the  white  yolk  ;  fats  in  the  yellow  yolk  (palmitin,  olein),  cholesterin, 
much  lecithin,  and  as  its  decomposition-product,  glycerin-phosphoric  acid ;  grape- 
sugar,  pigments  (lutein),  and  a  body  containing  iron  and  related  to  hflemoglobin  ; 
lastly,  salts  qualitatively  the  same  as  in  blood — quantitatively  as  in  the  blood-cor- 
puscles— and  gases.     The  chief  constituent  of  the  white  of  egg  is  egg-albumin 


(§  249),  together  with  a  small  amount  of  palmitin  and  olein  partly  saponified  with 
soda  ;  grape-sugar,  extractives  ;  lastly  salts,  qualitatively  resembling  those  of  blood, 
but  quantitatively  like  those  of  serum,  and  a  trace  of  fluorine.  Relatively  more  of 
the  nitrogenouH  constituents  than  of  the  fatty  (constituents  of  eggs  are  absorbed 
(Rubner).     [Considered  as  a  food,  eggs  are  obviously  deficient  in  carbohydrates.] 

[The  shell  is  composed  chiefly  of  mineral  matter  (91  per  cent,  of  calcic  carbonate,  6  per  cent 
of  calcic  phosphate,  and  3  per  cent,  of  organic  matter).     A  hen's  egg  weighs  aboat  1|  07«,  of 
which  the  shell  forms  about  ^.    Note  the  amount  of  fats  in  the  yolk.] 
Composition:— 

White  of  Egg.  Yolk. 
Mineral  matter,  .  1  '2  1-4 
Pigment  extractives,  ...  2-1 

233.  FLESH  AND  ITS  PEEPAEATIONS.— Flesh,  in  the  form  in  which  it 
is  eaten,  contains,  in  addition  to  the  muscle-substance  proper,  more  or  less  of  the 
elements  of  fat,  connective-  and  elastic-tissue  mixed  with  it  (§  293).  The  following 
results  refer  to  flesh  freed  as  much  as  possible  from  those  constituents.     The  chief 


Wliltc  of  Kgg. 

Yolk. 

Water.  . 

84-8 

51-5 

Proteids, 

120 

15  0 

Fats,  &c., 

20 

30  0 
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proteid  constituent  of  the  coutnictile  muscular  substance  is  myosin  ;  set^um-allumin 
occurs  in  the  fluid  of  the  fibres,  in  the  lymph  and  blood  of  muscle.  The  fats  are 
for  the  most  part  derived  from  the  interfascicular  fat-cells,  while  lecithin  and  rhole- 
sterin  come  from  the  nerves  of  the  muscles ;  the  gelatin  is  derived  from  the  connec- 
tive-tissue of  the  perimysium,  perineurium,  and  the  walls  of  blood-vessels  and 
tendons.  The  red  colour  of  the  flesh  is  due  to  the  hsBmoglobin  present  in  the 
sarcous  substance,  but  in  some  muscles,  e,g,y  the  heart,  there  is  a  special  pigment, 
myohsematin  {MacMttnn)^  [although  the  latter  statement  is  denied  by  Hoppe- 
Seyler.]  Elastin  occurs  in  the  sarcolemma,  neurilemma,  and  in  the  elastic  fibres 
of  the  perimysium  and  walls  of  the  vessels ;  the  small  amount  of  keratin  is 
derived  from  the  endothelium  of  the  vessels.  The  chief  muscular  substance, 
the  result  of  the  retrogressive  metabolism  of  the  sarcous  substance,  is  kreatin 
( -  0*05  i>er  cent.) ;  Icreatinin,  sometimes  inoainic  acid^  then  lactic,  or  rather 
sarcolactic  acid  (§  293).  Further,  taitrin,  sarkin,  xanfhin,  uric  acid,  camiUy  inosit 
(most  abundant  in  the  muscles  of  dnuikards),  urea  (O'l  per  cent,  [but  in  the  dog-fish 
1*95  per  cent.]),  dextrin  (in  horse  and  rabbit,  not  constant) ;  grape-sugar,  but  this 
is  very  probably  derived  post-mortem  from  glycogen  (0*43  per  cent.),  which  occurs 
in  considerable  amoimt  in  foetal  muscles  ;  lastly,  volatile  fatty  acids.  Amongst 
the  salts,  potash  and  phosphoric  acid  comjiounds  are  most  abundant ;  magnesium 
phosphate  exceeds  calcium  phosphate  in  amount.  [The  comj)osition  varies  some- 
what even  in  different  muscles  of  the  same  animal.] 


In  100  parts  Fleah  there  are,  aa-oixling  to  Schlossberger  and  v.  Bibra- 


Calf. 


I 


Pig. 


Man. 


Carp.         Frog. 


Water. 

77-50  I 

78-20 

74-63 

78-30 

74-45 

77-30 

79-78 

80-43 

Solids, 

22-50 

21-80 

25-37 

21-70 

25-55 

22-7 

20-22 

19-57 

Soluble  albumin, 
Colouring  matter,    . 

|2-20 

2-60 

1-94 

2-40 

1-93 

3-0  j 

2  35 

1-86 

... 

Olutin,    . 

1-30 

1-60 

0-50 

0-80 

2  07 

1-2 

1-98 

2-48 

Alcoholic  extract,     . 

1-50 

1-40 

4-75 

1-70 

3-71 

1     1-4 

3-47 

3-46 

Fats, 

1-30 

2-30 

111 

0  10 

Insoluble  albumin. 

, 

Blood-vessels,  &c.. 

17-50 

16-2 

16-81 

16-81 

j  15-54 

,  16-5 

11-31 

11-67 

In  100  parts  Ash  there  are  — 


Potash,    . 

Soda, 
Magnesia, 
Chalk,     . 
Potassium, 
Sodium,  . 
Chlorine, 
Iron  oxide. 
Phosphoric  Acid, 
Sulphuric      ,, 
Silicic  ,, 

Carbonic        , , 
Ammonia, 


I 


Horse. 

89-40 

4-86 

3-88  I 

1-80  I 

}  '■''  w 

ro  i 

46-74  I 

0-30  ; 


85-94 

3-31 
1-73 
5-36 

4*-'86 
0-98 
84-86 
3-37 
2-07 
8-02 
0-15 


Calf. 


84-40 
2-35 

1-45 
1-99 

I    10-59 

0-27 
48-18 

o-'si 


I 


Pig. 


8779 
4-02 
4-81 
7-54 

0-40 

0-62 

0-35 

44-47 


The  amoant  of  fat  in  flesh  varies  very  much  according  to  the  condition  of  the  animal.  After 
removal  of  the  visible  fat,  human  flesh  contains  7-15  ;  ox,  11*12  ;  calf,  10-4;  sheep,  8-9  ;  wild 
goose,  8*8  ;  fowl,  2*5  per  cent. 

The  amount  of  extractives  is  most  abundant   in   those  animals  which  exhibit  energetic 
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niUflcuUr  action  ;  hence  it  is  largest  in  wild  aniinaR  The  extract  is  iucreaaed  after  Tigoroos 
muscular  action,  whereby  sarcolactic  acid  is  developed,  and  the  flesh  becomes  more  tender  and  is 
more  )jalatable.  Some  of  the  extractives  excite  the  nervous  sjrstem,  e.g.,  km  tin  and  kreatuiin  ; 
and  others  give  to  flesh  its  characteristic  agreeable  flavour  [*' osmasome/']  but  this  is  also 
partly  due  to  the  different  fats  of  the  flesh,  and  is  best  developed  when  the  flesh  is  cooked. 
The  extractives  in  100  |>arts  of  flesh  are  in  man  and  pigeon,  3  ;  deer  and  dock,  4  ;  swallow,  7 
l>er  cent. 

[Flesh  is  characterised  by  its  large  percentage  of  proteids  containing  four  times  as  much  as 
milk.  The  flesh  of  birds  contains  most  proteids,  then  follows  that  of  mammals,  and  then 
fishes.] 

[Munk  gives  the  following  table  of  its  composition — 


In  IW  I'arts  Fkiih.  Ox.        I       Calf.  Pig.  Horse.  FowL  Pike. 


Water,  .         767  75  6  72  6  74-3 

Solids,  .  .         .  23-3  24*4  27*4       ,     25*7 


MyoHin,    albumin, 
gelatin,     . 

and  1 

20  0 

19-4 

1     19-9 

21-7 

Fat,      . 

1-5 

2-9 

1       6-2 

1      2-5 

Carbohydrates,     . 

, 

0-6 

0-8 

'       0-6 

0-6 

Salts,  . 

•     1 

1-2 

1-3 

1-1 

1-0 

70-8 

79*3 

29-2 

20-7 

22-7 

18-3 

4  1 

0-7 

1-3 

0-9 

11 

0-8] 

Cooking  of  Flesh. — As  a  general  rule,  the  flesh  of  young  animals,  owing  to  the  sarcolemma, 
connective-tissue,  and  elastic  constituents  being  less  tough,  is  more  tender  and  more  easily 
digested  than  the  flesh  of  old  animals  ;  after  flesh  has  been  kept  for  a  time  it  is  more  friable 
and  tender,  as  the  inosit  becomes  changed  into  sarcolactic  acid  and  the  glycogen  into  su^ar, 
and  this  again  into  lactic  acid,  whereby  the  elements  of  the  flesh  undergo  a  kind  of  maceration. 
Finely  divided  Hesh  is  more  digestible  than  when  it  is  eaten  in  large  pieces.  In  cooking  meat, 
the  heat  ought  not  to  be  too  intense,  and  ought  not  to  be  continued  too  lonj^,  as  the  muscular 
fibres  thereby  l>econie  hard  and  shrink  very  much.  Those  parts  are  most  digestible  which  are 
obtaiue<i  from  the  centre  of  a  roast  where  they  have  been  heated  to  60**  to  70**  C,  as  this 
temi)erature  is  sufficient,  with  the  aid  of  the  acids  of  the  flesh,  to  change  the  connective- tissue 
into  gelatin,  whereby  the  fibres  are  loosened,  so  that  the  gastric  juice  readily  attacks  them.  In 
roasting  beef,  apjily  heat  suddenly  at  first,  to  coagulate  a  layer  on  the  surface,  which  prevents 
the  escajHj  of  the  juice. 

Meat  Soup  is  best  prepared  by  cutting  the  flesh  into  pieces  and  ]>lacing  them  for  several 
hours  in  cold  water,  and  afterwards  boiling.  Licbig  found  that  6  parts  per  100  of  ox  flesh  were 
dissolved  by  cold  water.  When  this  cold  extract  was  boiled,  2*95  parts  were  precipitated  as 
coagulated  albumin,  which  is  chiefly  removed  by  *'  skimming,"  so  that  only  3  05  parts  remain 
in  solution.  From  100  parts  of  flesh  of  fowl,  8  parts  were  extracted,  and  of  these  4  7  was  coagulated 
and  3*3  rernaine<l  dissolved  in  the  soup.  By  boiling  for  a  very  long  time,  part  of  the  albumin 
may  be  redissolved.  The  dissolved  substances  are  : — (1)  Inorganic  salts  of  the  meat,  of  which 
82*27  ])er  cent.  ])ass  into  the  soup  ;  the  earthy  phosphates  chiefly  remain  in  the  cooked  meat. 
(2)  Kreatin,  kreatinin,  the  iuosinates  and  lactates  which  give  to  broth  or  beef-tea  their  stimu- 
lating qualities,  and  a  small  amount  of  aromatic  extractives.  (3)  Gelatin,  more  abundantly 
extracted  from  the  flesh  of  young  animals.  According  to  these  facts,  therefore,  flesh  broth  or 
beef-tea  is  a  powerful  stimulant,  supplying  muscle  with  restoratives,  but  is  not  a  food  in  the 
ordinary  sense  of  the  term,  as  kreatiu  in  general  leaves  the  body  unchanged  (r.  VoU),  The 
flesh,  especially  if  it  be  cooked  in  a  large  mass,  after  the  extraction  of  the  broth,  is  still  avail- 
able as  a  food. 

Liebig's  Extract  of  Meat  is  an  extract  of  flesh  ova{>orated  to  a  thick  syrupy  consistence.  It 
contains  no  fat  or  gelatin  or  proteid,  and  is  chiefly  a  solution  of  the  extractives  and  salts  of 
flesh.  [It  contains  about  22  \yer  cent,  of  water  and  78  of  solids.  Of  the  latter — which  contain 
no  proteids— 61  per  cent,  is  organic,  and  17  inorganic  salts.  Crystals  of  kreatin  are  found  in 
large  numbers  in  the  extract.] 

[Extract  of  Fish,— A  similar  extract  is  now  prepared  from  fish  ;  and  such  extract  has  no  fishy 
flavour,  but  i)resents  much  the  same  appearance,  odour,  and  properties  as  extract  of  flesh.] 

[Beef-Tea  made  by  putting  the  meat,  cut  up  into  small  pieces,  in  cold  water  and  then  gradu- 
ally heating  it,  is  really  a  watery  extract  of  certain  of  the  constituents  of  meat.  It  has  slight 
nutritive  and  stimulating  properties,  and  may  be  regarded  as  a  waterv  solution  of  the  extractives, 
and  salts  of  meat  together  with  gelatin,  minute  quantities  of  soluble  albumin,  and,  perhaps, 
some  fat  floating  on  the  surface  of  the  fluid.] 

[Preservation  of  Meat.— Much  "preserved"  meat  in  tins  is  now  used.  The  Indians  dry  strips 
of  meat  in  the  sun's  rays  to  form  pemmican.  **  Pickling  "  or  salting  meat  is  much  practised.  Voit 
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found  tliat  where  meat  is  placed  in  brine  its  nutritive  value  is  not  greatly  impaired.  In  salted 
meat,  besides  an  increase  of  salt,  he  found  a  loss  of  10-4  per  cent,  of  water  and  of  organic 
matters  2*1,  albumin  1-1,  extractives  13*5,  and  phosphoric  acid  8-5  per  cent.  When  meat  is 
*'  smoked  ''  the  surface  becomes  harder,  and  the  meat  is  acted  on  by  creosote  and  other  antiseptics 
present  in  the  smoke  of  the  wood  used  in  the  process.] 

234.  VEGETABLE  FOODS.— The  nitrogenous  constituents  of  plants  are  not 
so  easily  absorbed  as  animal  fooil  {Rulmer).  Still  if  they  contain  the  same  amount 
of  N  they  may  completely  replace  animal  proteids  (Rutgers),  [and,  according  to 
Hopi)e-Seyler,  the  vegetable  proteids  do  not  seem  to  differ  essentially  from  animal 
proteids.]  Carbohydrates,  starch,  and  sugar  are  very  completely  absorbed,  and 
even  a  not  inconsiderable  proportion  of  cellulose  may  be  digested  (§  184,  I).  The 
more  fats  that  are  contained  in  the  vegetable  food,  the  less  are  the  carbohydrates 
digested  and  absorbed. 

[Vegetable  foods  are  characterised  by  the  very  large  amount  of  non-nitrogenous 
substance  they  contain,  and  by  the  fact  that  this  is  usually  contained  in  cellulose 
capsules,  which  are  either  not 
or  with  difficulty  dissolved  by 
the  digestive  juices,  and  they 
always  yield  a  considerable 
amount  of  indigestible  residue, 
so  that  the  herbivorous  animals 
always  pass  a  larger  quantity  of 
fsBces  than  carnivorous.  More- 
over, veg(;table  food  is  not  so 
fully  utilised  in  the  digestive 
tract  as  animal  food  (p.  435). 
Further,  the  potash  and  mag- 
nesia, especially  the  phosphatic 
salts,  are  more  abundant  than 
soda  and  lime,  while  there  is 
little  chlorine  {Mimk).^ 

1.  The  cereals  are  most  im-  Fig.  290. 

portimt  vegetable  foods  ;  they  Section  of  part  of  a  grain  of  wheat ;  ep,  epidermis  with 
contain  proteids,  starch,  salts  cuticle  c  ;  ?«,  middle  layer ;  qu,  transverse,  and  sch, 
and  about  14  per  cent,  of  water.  tubular  cells  -br  and  it.  coate  of  the  seed  ;  Kl,  glutin 
mi         -i  VI     _i„i.i^  •         cells ;  sL  starch-graius  within  cells. 

The  nitrogenous  body  glutin  is  ^ 

most  abundant  under  the  husk  (fig.  290,  Kl).  The  use  of  whole  meal  containing 
the  outer  layers  of  the  grain  is  highly  nutritive,  but  bread  containing  much  bran 
is  somewhat  indigestible  (Euhnei').     Their  composition  is  the  following  : — 


100  Parta  of  the  Dry  Meal  contain 

100  Parts  of  Ash  contain 

Of 
Wheat, 

Ryo.     . 
Barley, 
Maize, 
Rice,     . 
Buckwheat,  . 

Albumin. 

1 
starch.     | 

Red  Wheat. 

White  Wheat 

16-52% 
11-92 
17-70 
13-65 

7-40 

6-8-10-5 

66-25% 
60-91      , 
38-31 
77-74     1 
86-21 
65-05 

27-87 
15-75 
1-93 
9-fiO 
1-36 
49-36 
0-15 

Potash, 

Soda,    . 
Lime,   . 
Magnesia,     . 
Iron  oxide,    . 
Phosphoric  Acid, . 
Silica,   . 

88-84 

3-69 
13-54 

0-31 
69-21 

It  is  curious  to  observe  that  soda  is  absent  from  white  wheat,  its  place  being  taken  by  other 
alkalies.  Rye  contains  more  cellulose  and  dextrin  than  wheat,  but  less  sugar  ;  rye-bread  is 
usually  less  porous. 

28 
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The  following  table  by  Konig  gives  their  composition  although  they  vary  much  with  climate, 
soil,  cultivation,  &c. 


In  100  Parte. 


Water, 
Proteid, 

Fat,      .        .        . 
Carbohydrates  and 
N-free  extractives, 
Cellulose, 
Ash, 


Wheat. 


Rice. 

Maize. 

131 

13-1 

7-9 

9-9 

0-9 

4-6 

76-5 

68-4 

0-6 

2-5 

1-0 

1-5 

The  cereals  have  an  outer  envelope  composed  of  cellulose  :  to  facilitate  digestion 
of  the  contents  the  cellulose  envelopes  are  crushed  or  removed  by  the  process  of 
"  milling ; "  the  finely  ground  contents  constitute  flour  or  meal. 

[Oatmeal  contains  more  nitrogenous  substances  (gliadin  and  glutin-casein)  than 
wheaten  flour,  but  owing  to  the  want  of  adhesive  properties  it  cannot  be  made 
into  bread.     The  amount  of  fat  and  salts  is  large  (p.  436).] 

In  the  preparation  of  bread  the  meal  is  kneaded  with  water  until  dough  is  formed,  and  to  it  is 
addfd  salt  and  yeast  (Saccharomyces  cerevisiae).  When  placed  in  a  warm  oven,  the  proteids 
of  the  meal  begin  to  decompose  and  act  as  a  ferment  upon  the  swollen-up  starch,  which  becomes 
in  part  changed  into  sugar.  The  sugar  is  further  decomposed  into  CO,  and  alcohol,  the  CO, 
forms  bubbles,  which  cause  the  bread  to  "rise,"  and  thus  become  spongy  and  porous.  The 
alcohol  is  driven  off  by  the  baking  (200°),  while  much  soluble  dextrin  is  formed  in  the  crust  of 
the  bread.  [But  CO^  may  be  set  free  within  the  dough  by  chemical  means  without  yeast  or 
leaven,  thus  forming  nnfermented  bread.  This  is  done  by  mixing  with  the  dough  an  alkaline 
carbonate,  and  then  adding  an  acid.  Baking  powdere  consist  of  carbonate  of  soda  and  tartaric 
acid.  In  Dauglish's  process  for  aerated  bread,  the  COj  is  forced  into  water,  and  a  dough  is 
made  with  this  water  under  pressure,  and  when  the  dough  is  heated,  the  COj  expands  and 
forms  the  spongy  bread.  Bread  as  an  article  of  food  is  deficient  in  N,  while  it  is  poor  in  fata 
and  some  salts.     Hence  the  necessity  for  using  some  form  of  fat  with  it  (butter  or  bacon).] 

2.  The  leguminous  seeds  or  pulses  contain  much  proteid,  especially  legumin ; 
together  with  starch,  lecithin,  cholesterin,  and  9  to  19  per  cent,  water.  Owing  to 
the  absence  of  glutin,  they  do  not  form  dough,  and  bread  cannot  bo  prepared  from 
them.  On  account  of  the  large  amount  of  proteids  which  they  contain,  and  on 
account  of  their  cheapness,  they  are  admirably  adapted  as  food  for  the  poorer 
classes ;  excellent  soup  can  be  made  with  them. 

[The  following  table  from  Munk  shows  their  composition  contrasted  with  that  of  potatoes  : — 


In  100  Parts. 


Water, 
Proteids,    . 
Fat, 

Carbohydrates, 
Cellulose,  . 
Ash,  . 


Lentils. 

12-6 

24-8 

1-9 

54-8 

3-6 

2-4 


Potatoes. 


14-3 

22-6 

17 

53-2 

6-5 

27 


14-8 

237 

1-6 

49-3 

7*5 

31 


76  0 
2  0 
0-2 

20-6 
07 
1*0 


[3.  The  whole  grouj)  of  farinaceous  substances  used  as  '*  pudding  stuffs,**  such 
as  corn-flour,  arrow-root,  rice,  hominy,  are  really  very  largely  composed  of  starchy 
substances.] 

4.  Potatoes  contain  70  to  81  \^v  cent,  water,  and  of  the  solids  about  20  per  cent 
consists  of  starch.  In  the  fresh  juicy  cellular  tissue,  which  has  an  acid  reaction^ 
from  the  presence  of  phosphoric,  malic,  and  hydrochloric  acids,  there  is  16  to  23 
|>er  cent,  of  starch,  2*5  soluble  albumin,  globulin,  and  a  trace  of  asparagin.     The 
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envelopes  of  the  cells  swell  up  by  boiling,  and  are  changed  into  sugar  and  gums  by 
dilute  acids.  The  cells  contain  a  large  number  of  starch  graniUes  (fig.  291).  The 
poisonous  solanin  occurs  in  the  sprouts.  In  100  parts  of  potato  ash,  May  found 
49*96  iK)tash,  2*41  sodium  chloride,  8*11  potassium  chloride,  6*50  sulphuric  acid 
derived  from  burned  proteids,  7*17  silica. 

5.  In  fruits  the  chief  nutrient  ingredients  are  sugar  and  salts ;  the  organic  acids 
give  them  their  characteristic  taste,  the  gelatinising  substance  is  the  soluble  so- 
called  pectin  (Cg^H^gO^.^),  which 
can  be  prepared  artificially  by 
boiling  the  very  insoluble  pec- 
tose  of  unripe  fruits  and  mul- 
berries. 

6.  Green  Vegetables  are 
especially  rich  in  salts,  which 
resemble  the  salts  of  the  blood  ; 
thus,  dry  salad  contains  23  per 
cent,  of  salts,  w^hich  closely 
resemble  the  salts  of  the  blood. 
Of  much  less  imix)rtance  are  the 
starch,  cell-substance,  dextrin, 
sugar,  and  the  small  amount 
of  albumin  which  tliey  con- 
tain. 

[Vegetables  are  chiefly  useful  for 
the  salts  they  coutaiu,  while  many 
of  theni  are  antiscorbutic.  Their 
value  is  attested  by  the  serious 
defects  of  nutrition,  such  as  scurvy, 
which  result  when  they  are  noc 
supplied  in  the  food.  In  Arctic  ex- 
peditions and  the  navy,  lime  juice 
18  served  out  as  an  antiscorbutic]  ,,.      .._ 

[Salteof  Vegetable  Food. —Much  J?ig.  291. 

interest  attaches  to  the  large  amount   Section  of  part  of  a   potato,     if,   capsule  ;  ;>/,   plasma 
of  potash  salts  in  vegetable   food.        containing  cells  with  small  starch-grains;   /*,  protein 
They  contain   2-8   times  as  much       crystals ; «,  starch, 
potash  as  soda,  so  that  herbivora 

take  5-10  times  as  much  potash  as  soda  in  their  fofxl.  Bunge  has  shown  that  this  large  con- 
sumption of  potash  salts  by  certain  of  these  animals  is  the  cause  of  the  great  amount  of  common 
salt  required  by  them  {Munk),'\ 

[Preserved  Vegetables. — The  dried  and  compressed  vegetables  of  Messrs  Chollet  k  Company 
are  an  excellent  substitute  for  fresh  vegetables,  and  are  used  largely  in  naval  and  military  ex- 
l)editions.] 

[Utilisation  of  Food. — As  regards  what  i>ercentage  of  the  food  swallowed  is 
actuall;  absorbed,  we  know  that,  stated  broadly,  vegetable  food  is  assimilated  to  a 
much  less  extent  than  animal  food  in  man.  Fr.  Hofmann  gives  the  following 
table  as  showing  this  : — 


Weight  of  Fowl. 

VeKctable. 
Digested.       Undigested. 

Animal. 

Digested.    '  Undigested. 

Of  100  i)arts  of  solids 

,,100      ,,        albumin,        .... 
,,100      ,,        fats  or  carbohydrates,    . 

75-5 
46-6 
90-3 

1 

24-5 

1       53-4 

97 

89-9              11.1 
81-2              18-8 
96-9                3  1] 
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[The  followiog  table,  abridged  from  Parkes,  shows  the  composition  of  the  chief  articles  of 
diet,  and  is  also  used  for  calcnlatiDg  diet  tables  : — 


Aitkkt. 


Beef  Steak, 

Fat  pork,     . 

Smoked  ham, 

White  fish. 

Poultry.      . 

White  wheaten  bread. 

Wheat  flour, 

Biscuit, 

Bice, 

Oatmeal, 

Maize, 

Macaroni,    . 

Arrow-root, 

Peas  (dry), 

Potatoes,     . 

Carrots, 

Cabbage, 

Butter, 

Egg  {^j,  for  shell),       . 


Milk  (S.  G.  1032), 
Cream, 

Skimmed  milk, 
Sugar, 


Water. 


74-4 
39-0 

27-8 
78-0 
74  0 
40-0 
150 

8-0 
10-0 
15-0 
13-5 
131 
15-4 
150 
74  0 
85  0 
91-0 

60 
73-5 
36-8 
86-8 
66  0 
88  0 

3  0 


Fata. 


Carbo- 
brdnteiL 


Saha. 


20-5 

9-8 

24  0 

181 

21-0 

•8-0 

11  0 

15-6 

5  0 

12-6 

10-0 

9  0 

0-8 

22-0 

2  0 

1-6 

1-8 

0-3 

13-5 

33-5 

4-0 

2-7 

4-0 


3-5 
48-9 
36-5 
2-9 
3-8 
1-5 
2-0 
1-3 
0-8 
5-6 
6-7 
0-3 

2-6 

016 

0-25 

5  0 
910 
11-6 
24-3 

3  7 
26-7 

1-8 


49-2 
70-3 
73  4 
83-2 
63  0 
64-5 
76*8 
83-3 
53  0 
21-0 
8-4 
6-8 


4-8 

2-8 

5-4 

96-5 


1-6 
2-3 
10-1 
1-0 
1-2 
1-3 
1-7 
1-7 
0  5 
3^ 
1-4 
0-8 
0-27 
2-4 
10 
1-0 
0-7 
2-7 
1-0 
5-4 
0-7 
1-8 
0-8 
0-5] 


235.  CONDIMENTS,  COFFEE,  TEA,  ALCOHOL.— Some  substances  are  ased  along  with  food, 
not  so  nincli  on  account  of  their  nutritive  properties  as  on  account  of  their  stimulating  effects 
and  agreeable  qualities,  which  are  exerted  ]iartly  upon  the  organ  of  taste  and  partly  upon  the 
nervous  Kystem.     These  are  called  condiments. 

Coffee,  Tea,  and  Chocolate  are  prepared  as  infusions  of  certaiu  vegetables  [the  fii^t  of  the 
roasted  berry  the  second  of  the  leaves,  and  the  third  of  the  seeds].  Their  chief  active  ingre- 
dients are  resiiectively  caffein,  thein  (CfflioS^O^+hfi  trimethylxanthin),  and  theobromin 
(C7HgN402  dimethylxanthin),  which  are  regarded  as  alkaloids  of  the  vegetable  bases,  and  which 
have  recently  been  prepared  artificially  from  xanthin  {E.  Fischer).  ~[6narana,  or  Brazilian 
cocoa,  is  ma^le  of  the  seeds  ground  into  a  paste  in  the  form  of  a  sausage.  Mat^  or  Paraguay 
tea  (the  leaves  of  a  spetries  of  holly)  is  us^  in  South  America,  and  so  also  is  the  coca  of  the 
Andes  ( Ery  tbroxylon  Coca).  ]  These  **  alkaloids  "  occur  as  such  in  the  plants  containing  them  ; 
they  behave  like  ammonia  ;  they  have  an  alkaline  reaction,  and  form  crystalline  salts  with  acids. 
All  these  vegetable  bases  act  ui>on  the  nervous  system  ;  some  more  feebly  (as  the  above),  others 
more  powerfully  (quinine) ;  some  stimulate  powerfully,  or  completely  paralyse  (morphia,  atropin, 
strychnin,  curarin,  nicotin). 

Effects  of  Tea  and  Coffee. — All  these  substances  act  on  the  nervous  system ; 
they  quicken  thought,  accelerate  movement,  and  stir  one  to  greater  activity.  In 
these  respects  they  resemble  the  stimulating  extractives  of  beef-tea.  Coffee  con- 
tains about  J  per  cent,  of  caffein,  i)art  of  which  only  is  liberated  by  the  act  of 
roastinj^'.  Tea  has  6  i)er  cent,  of  thein;  whilst  green  tea  contains  1  per  cent, 
ethereal  oil,  and  black  tea  ^  i)er  cent ;  in  green  tea  there  is  18  per  cent,  in  black 
15  per  cent  tinnin;  green  tea  yields  about  46  per  cent.,  and  the  black  scarcely  30 
per  cent,  of  extract.  The  inorganic  salts  present  are  also  of  importance ;  tea  con- 
tains 3  03  per  cent,  of  salts,  and  amongst  these  are  soluble  comjwunds  of  iron, 
manganese,  and  soda-salts.  In  coffee,  which  yields  3*41  i>er  cent  of  ash,  potash 
saltH  are  most  aljundant;  in  all  three  sul)stances  the  other  siilts  which  occur  in  the 
bloo<l  are  also  present 

Alcoholic  drinks  owe  their  action  chiefly  to  the  alcohol  which  they  contain. 
Alcohol,  when  taken  into  the  body,  undergoes  certain  changes  and  produces  certain 
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eflfects — (1)  About  95  per  cent,  of  it  is  oxidised  chiefly  into  COg  and  HgO,  so  that 
it  is  so  far  a  source  of  heat.  As  it  undergoes  this  change  very  readily,  when  taken 
to  a  certain  extent,  it  may  act  as  a  substitute  for  the  consumption  of  the  tissues  of 
the  body,  especially  when  the  amount  of  food  is  insuflficient.  [Hammond  found 
that  when  he  lived  on  an  insufficient  amount  of  food,  alcohol,  if  given  in  a  certain 
quantity,  supplied  the  place  of  the  deficiency  of  food,  and  he  even  gained  in  weight 
If,  however,  sufficient  food  was  taken,  alcohol  was  unnecessary.  As  it  interferes 
with  oxidation,  and  where  there  is  a  sufficient  amount  of  other  food,  in  health  it  is 
uimecessary  for  dietetic  purposes.]  Small  doses  diminish  the  decomposition  of  the 
proteids  to  the  extent  of  6  to  7  per  cent.  Only  a  very  small  part  of  the  alcohol  is 
excreted  in  the  urine ;  the  odour  of  the  breath  is  not  due  to  alcohol,  but  to  other 
volatile  substances  mixed  with  it,  e.g.y  fusel  oil,  &c  (2)  In  small  doses  it  excites, 
while  in  large  doses  it  paralyses  the  nervous  system.  By  its  stimulating  qualities 
it  excites  to  greater  action,  which,  however,  is  followed  by  depression.  (3)  It 
diminishes  the  sensation  of  hunger.  (4)  It  excites  the  vascular  system,  accelerates 
the  circulation,  so  that  the  muscles  and  nerves  are  more  active,  owing  to  the  greater 
supj)ly  of  blood.  It  also  gives  rise  to  a  subjective  feeling  of  warmth.  In  large 
doses,  however,  it  paralyses  the  vessels,  so  that  they  dilate,  and  thus  much  heat  is 
given  ofif  (§213,  7;  §  227)  and  the  temperature  is  lowered.  The  action  of  the 
heart  also  becomes  affected,  the  pulse  becomes  smaller,  feebler,  and  more  rapid.  In 
high  altitudes  the  action  of  alcohol  is  greatly  lessened,  owmg  to  the  diminished 
atmospheric  pressure,  whereby  it  is  rapidly  given  off  from  the  blood. 

Alcohol  in  small  doses  is  of  great  use  in  conditions  of  temporary  want,  and 
where  the  food  taken  is  insufficient  in  quantity.  A\nieii  alcohol  is  taken  regularly, 
more  especially  in  large  doses,  it  affects  the  nervous  system,  and  undermines  the 
psychical  and  corporeal  faculties,  partly  from  the  action  of  the  impurities  which  it 
may  contain,  such  as  fusel  oil,  which  has  a  poisonous  effect  upon  the  nervous  system, 
partly  by  the  direct  effects,  such  as  catarrh  and  inflammation  of  the  digestive 
organs,  wliich  it  produces,  and  lastly,  by  its  effect  upon  the  normal  metabolism. 

[Tlie  action  of  alcoliol  in  lowering  the  temperature,  even  in  moderate  doses,  is  most  impor- 
tant. By  dilating  the  cutaneous  vessels,  it  thus  permits  of  the  radiating  of  much  heat  from 
the  bloocl.  When  the  action  of  alcohol  is  pushed  too  far,  and  esi)ecially  when  this  is  combined 
with  the  action  of  great  cold,  its  use  is  to  be  condemned.  Brunton  lias  pointed  out  that,  as 
regards  its  action  on  the  nervouB  Bystem,  it  seems  to  induce  ])rogi*essive  i)araly8is,  affecting  the 
nervous  tissues  **in  the  inverse  order  of  their  development,  the  highest  centres  being  aHected 
first  and  the  lowest  last."  The  judgment  is  atfected  first,  although  the  imagination  and 
**  emotions  may  be  more  than  usually  active."  The  jtwtor  centres  and  speech  are  affected, 
then  the  cerebellum  is  intiuenced,  and  afterwards  the  cord,  while  by  and  by  the  centres  essential 
to  life  are  i>aralysed,  provided  the  dose  be  sufficiently  large.] 

Preparation.  — Alcoholic  drinks  are  prepared  by  the  fermentation  of  various  carbohydrates, 
such  as  sugar  derived  from  starch.  The  alcoholic  fermentation,  such  as  occurs  in  the  manu- 
facture of  beer,  is  caused 
by  the  development  of  the 
yeast  plant,  Saccsharomy-  ^^ 
oes  cerevisin ;  while  in  A^j^b 
the    fermentation   of    the  J^ 

gi-ape    (wine),    S.    ellipso-  ^ 

ideus  is  the  species  present 
(fig.  292).  The  yeast  takes 
the    substances    necessary  *^8-  *^2' 

for  the  maintenance  of  its  ],  Isolated  yeast  cells  ;  2,  3,  yeast  cells  budding  ;  4,  5,  so-called  en- 
organic   processes  directly     dogenous  formation  of  cells  ;  6,  sprouting  and  formation  of  buds, 
from   the  mixture  of  the 

su;;ar,  viz.,  carbohydrates,  proteids,  and  salts,  especially  calcium  and  ]K>tassium  phosphates 
and  magnesium  sulphate.  These  substances  undergo  decomposition  within  the  cells  of  the 
yeast  plant,  which  multiply  during  the  process,  and  there  are  produced  alcoliol  and  CO,  (§  150), 
together  with  glycerin  (3*2  to  3*6  \yQV  cent.)  and  succinic  acid  (0*6  to  07  i>er  cent).  Yeast 
is  either  added  intentionally  or  it  reaches  the  mixture  from  the  air,  which  always  contains 
its  8}K)res.     When  yeast  is  completely  excluded,  or  if  it  be  killed  by  boiling  [or  if  its  action  be 
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prerented  by  the  presence  of  some  germicide],  the  fennentation  does  not  occur.     The  alcoholic 
fermentation  is  due  to  the  vital  activity  or  a  low  organism. 

In  the  [n'e{iaration  of  brandy,  the  starch  of  the  grain  or  potatoes  is  first  changed  into  sugar 
by  the  action  of  diastase  or  maltin.  Yeast  is  added,  and  fermentation  thereby  prodaced  ;  the 
mixture  is  distilled  at  78-3^  C.  The  fusel  oil  is  prevented  from  mixing  with  the  alcohol  by  pasa- 
ing  the  vafiour  through  heated  charcoal.     The  aistillate  contains  50  to  55  per  cent  of  alcohol. 

In  the  preparation  of  wine,  the  saccharine  juice  of  the  grape— the  must — after  being  expressed 
from  the  graixfs,  is  exposed  to  the  air  at  10"  to  15"*  C,  and  the  yeast  cells,  which  are  floating 
about,  drop  into  it  and  excite  fermentation,  which  lasts  10  to  14  days,  when  the  yeast  sinks  to 
the  bottom.  The  clear  wine  is  drawn  off  into  casks,  where  it  becomes  turbid  by  undergoing  an 
after-fermentation,  until  the  sugar  is  converted  into  alcohol  and  CO,,  which  is  accom[tanied  by 
the  deposition  of  some  yeast  and  tartar.  If  all  the  sugar  is  not  decomposed — which  occurs 
when  tnere  is  not  sufficient  nitrogenous  matter  present  to  nourish  the  yeast — a  9weet  vnne  is 
obtained.  Wine  contains  89  to  90  per  cent,  water,  7  to  8  per  cent,  alcohol,  consisting  of 
ethylic,  propylic,  and  butylic  alcohols.  The  red  colour  of  some  wines  is  due  to  the  colouring 
matter  of  the  skin  of  the  gra{)es,  but  if  the  skins  be  removed  before  fermentation,  red  grapes 
yield  white  wine.  When  wine  is  stored,  it  develops  a  fine  flavour  or  bouquet  The  character- 
istic vinous  odour  is  due  to  CBnanthic  ether.  The  saJts  of  wine  closely  resemble  the  salts  of  the 
blood. 

In  the  preparation  of  beer  the  grain  is  moistened,  and  allowed  to  germinate,  when  the 
tem[>erature  rises,  and  the  starch  (68  i)er  cent,  in  barley)  is  changed  into  sugar.  Thus  "malt" 
is  formed,  which  is  diied,  and  afterwards  pulverised,  and  extracted  with  water  at  IQf*  to  75°, 
the  watery  extract  being  the  *•  wort."  Hops  are  added  to  wort,  and  the  whole  is  evaporated, 
when  the  jn-oteids  are  coagulated.  Hops  give  beer  its  bitter  taste,  and  make  it  keep,  while  their 
tannic  acid  ])recipitates  any  starch  that  may  be  present,  and  clarifies  the  wort.  After  being 
l>oiled,  it  is  cooled  rapidly  (12"  C.) ;  yenst  is  added,  and  fermentation  goes  on  rapidly  and  with 
considerable  etrervcscence  at  10**  to  14°.  Beer  contains  75  to  95  per  cent  water ;  alcohol,  2  to 
5  per  cent,  (porter  and  ale,  to  8  \^t  cent) ;  CO2,  0*1  to  0*8  per  cent.  ;  sugar,  2  to  8  per  cent  ; 
gum,  dextrin,  2  to  10  per  cent.  ;  the  hojw  yield  traces  of  protein,  fat,  lactic  acid,  ammonia 
compounds,  the  salts  of  the  grain  and  of  the  hops.  In  the  ash  there  is  a  gi'eat  preponderance 
of  phoHphoric  acid  and  potash,  both  of  which  are  of  great  importance  for  the  formation  of  blood. 
In  100  parts  of  ash  there  are  40*8  potash,  20*0  phosphorus,  magnesium  phosphate  20,  calcium 
phosphate  2*6,  silica  16*6  per  cent.  The  formation  of  blood,  muscle,  and  other  tissues  from 
the  consuin))tion  of  bocr  is  auc  to  the  phosphoiic  acid  and  potash,  while  if  too  much  be  taken, 
the  potash  ])ro( luces  fatigue. 

Condiments  arc*  taken  with  food,  partly  on  account  of  their  taste,  and  partly 
hecaiwe  they  excite  secretion.  Common  salt,  in  a  certain  sense,  is  a  condiment. 
We  may  also  include  as  such  many  siil>8tances  of  unknown  constitution  which  act 
upon  th(^  gustat(jry  organs,  e.g.,  dextrin,  and  substances  in  the  crust  of  brerni  and 
ill  moat  which  has  been  roasted. 

236.  EQUILIBRTOM  OF  THE  METABOLISM.— By  this  term  is  meant 
that,  under  normal  physiological  conditions,  just  as  much  material  is  absorbed  and 
assimilated  from  the  fooil  as  is  removed  from  the  body  by  the  excretory  organs  in 
the  form  of  eflete  or  end-product**,  the  result  of  the  retrogressive  tissue-changes. 
The  inconu^  must  always  balance  the  exj)enditure  ;  wherever  a  tissue  is  used  up,  it 
must  be  rej)lace(l  ])y  the  formation  of  new  tissue.  During  the  period  of  growth, 
the  incr(uis(;  of  the  body  corresponds  to  an  increased  formative  activity  whereby  the 
metabolism  of  the  growing  j)arts  of  the  body  is  2*5  to  6  3  times  greater  than  that 
of  the  i)arts  already  formed.  Conversely,  during  senile  decay,  there  is  an  excess 
of  exj)en(liture  from  the  l)ody. 

Methods. --The  normal  etpiilibriuni  of  the  metabolism  of  the  body  is  investi|5ated— (1)  By 
determining  chemically  that  the  sum  of  all  the  substances  j>assiug  into  the  body  is  equal  to  the 
sum  of  all  the  substances  given  off  from  it.  Thus  the  C,  N,  H,  0,  salts  and  water  of  the  food, 
and  the  0  ins])ireil,  must  be  equal  to  the  C,  N,  H,  0,  salts  and  water  given  off  in  the  excreta 
(urine,  fieces,  air  expired,  water  excreted).  (2)  The  phymological  equilibrium  is  detemiined 
eniidrically  by  observing  that  the  body  retains  its  normal  weight  with  a  given  diet  ;  so  that, 
by  sinijdy  weighing  a  pei-son,  a  physician  is  enabled  to  determine  exactly  the  state  of  con- 
valescence of  his  ])atient.  The  tedious  )>rocess  of  making  an  elementary  analysU  of  the 
nielabolio  substances  was  first  undertaken  in  the  Munich  School  by  v.  Bischoff,  v.  Voit,  v. 
IVttenkofer,  and  othei-s. 

Circulation  of  C. — In  the  circuhition  oi  materials  the  total  amount  of  C  taken  in 
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the  food,  if  the  metaholism  be  in  a  condition  of  physiological  equilibrium,  must  be 
equalled  by  the  C  in  the  COg  given  ofT  by  the  lungs  and  skin  (90  per  cent), 
together  with  the  relatively  small  amount  of  C  in  the  organic  excreta  of  the  urine 
and  faeces  (10  per  cent.). 

Circulatioii  of  N. — Nearly  cUl  the  N  taken  in  with  the  food  is  excreted  within 
twenty-four  hours  in  the  form  of  urea.  A  very  small  amount  of  nitrogenous  matter 
is  excreted  in  the  faeces,  while  the  other  nitrogenous  urinary  constituents  (uric  acid, 
kreatinin,  &c.)  represent  about  2  per  cent,  of  N.  A  trace  of  the  N  is  given  off"  by 
the  breath  (§  124),  and  a  minute  proportion  in  combination,  in  the  epidermal  scales 
(50  milligrams  daily  in  the  hair  and  nails),  and  in  the  sweat. 

Deficit  of  N. — That  nearly  all  the  N  taken  in  the  food  reappears  in  the  urine  and 
faeces,  as  was  stated  by  v.  Voit  to  be  the  case  in  the  carnivora  and  in  the  herbivora, 
and  by  v.  Ranke  in  man,  is  contradicted  partly  by  old  and  partly  by  new  observa- 
tions, which  go  to  show  that  the  whole  of  the  N  cannot  be  recovered  from  these 
excretions,  but  that  on  the  contrary  there  is  a  deficit. 

According  to  Leo,  only  0*55  per  cent,  of  the  albumin  transformed  within  the  body  (assuming 
15  per  cent.  N  in  albumin)  gives  off  its  N  in  the  form  of  gaseous  N  (according  to  Seegen  and 
Nowak  12  times  more).  In  every  exact  analysis  of  the  metabolism  of  N  this  gaseous  excretion 
of  N  must  be  taken  into  account. 

The  excretion  of  N  after  food  does  not  take  place  regularly  from  hour  to  hour,  but  it  increases 
at  once  and  distinctly,  reaches  its  maximum  in  five  to  six  hours,  and  then  gradually  falls.  The 
same  is  true  of  the  excretion  of  S  and  P  ;  but  in  these  cases  the  maximum  of  excretion  is  reached 
at  the  fourth  hour.  When  fat  is  added  to  a  diet  of  flesh,  tlie  exccetion  of  N  and  S  is  uniformly 
distributed  over  the  individual  hours  of  the  day  (r.  Voit  and  Feder), 

The  nitrogenous  constituents  in  the  body  during  metabolism  become  poorer  in  C,  and  richer 
in  N  and  O.  Thus  in  albumin  to  1  atom  of  N  there  are  4  atoms  C  ;  in  gelatin,  3J  C ;  in 
glycocoll,  2  C  ;  in  kreatin,  IJ  C  ;  in  nric  acid,  1^  C  ;  in  allantoin,  1  C  ;  in  nrea,  only  i  atom 
ofC.  (p.  419). 

Circulation  of  H  and  0  and  Salts. — The  H  leaves  the  body  chiefly  in  the  form 
of  water — a  part,  however,  is  in  combination  in  other  excreta ;  the  0  is  chiefly 
excreted  as  COg  and  water ;  a  little  is  given  off  in  combination  in  other  excreta ; 
water  is  given  off  by  evaporation  from  the  lungs  and  skin,  and  also  in  the  urine 
and  faeces.  As  H  is  oxidised  to  HoO,  more  water  is  excreted  than  is  taken  in. 
Most  of  the  readily  soluble  salts  are  given  off  by  the  urine ;  the  less  solul)le  salts, 
especially  those  of  potash,  and  the  insoluble  salts,  in  the  faeces ;  while  others  are 
given  off  in  the  sweat.  Of  the  sulphur  of  albumin,  about  one-half  is  excreted  in 
the  sulphur  compounds  in  the  urine,  and  the  other  half  in  the  faeces  (taurin)  and 
in  the  epidennal  tissues. 

Every  organism  has  a  minimum  and  a  maximum  limit  of  metabolism,  according 
to  the  amount  of  work  done  by  the  body  and  its  weight.  If  less  food  be  given 
than  is  necessary  to  maintain  the  former,  the  body  loses  weight ;  while,  if  more 
be  given  after  the  maximum  limit  is  reached,  the  food  so  given  is  not  absorbed,  but 
remains  as  a  floating  balance,  and  is  given  off  with  the  faeces.  When  food  is 
liberally  supplietl,  and  the  weight  increases,  of  course  the  minimum  limit  rises  ; 
hence,  during  the  process  of  "  feeding  "  or  "  fattening  "  the  amount  of  food  necessary 
is  very  much  greater  than  in  i)oorly  fed  animals,  for  the  same  increase  of  the  Ixxly- 
weight.  By  continuing  the  process  a  condition  is  at  last  reached  in  which  the 
digestive  organs  are  just  sufficient  to  maintain  the  existing  condition,  but  cannot 
act  so  as  to  admit  of  new  additions  being  made  to  the  body- weight  {v.  Bischofi\  v. 
Voif,  V.  Pettenkofer). 

By  the  term  **  luxus  consumption''  is  meant  the  direct  combustion  or  oxidation 
of  the  superfluous  food-stuffs  absorbed  by  the  blood.  This,  however,  does  not  exist. 
On  the  contrary,  the  material  in  the  juices  is  always  l)eing  used  for  building  up 
the  tissues.  The  albumin  found  in  the  fluids,  which  everywhere  permeate  the 
tissues,  has  been  called  **  circulating  albumin,"  and  according  to  v.  Voit  it  under- 
goes decomposition  sooner  than  the  organised  or  **  organic  albumin"  which  forms 
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an  integral  part  of  the  tisane.     Aeconling  to  v,  Voit,  in  24  liours  1  per  cent  of 
the  organic  and  70  per  cent,  of  the  circiiJuting  albumin  is  used  up, 

[LieLig  touglit  tliat  the  nitrogenous  mt?tflboIisni  of  the  twdy  deptmded  on  a  corresponding 
deconipoHition  of  the  proteitis  ot  tlic  orgjiiis,  so  that  the  prot^-ids  in  tJif"  foarl  supplied  the  place 
of  tJio  proteitis  of  the  orgnns  thus  n»ed  up.  Ht.*  called  tlie  proteidw  **  plastic  foods  "  or  **  tiwue- 
formera,"  whde  he  li^garded  thf?  fats  nnd  earholiydrates  m  **re»piratory  foods,**  os  he  sup^xM^ 
that  they  alone  were  couocrned  in  Ihe  evolution  of  huat.     Ag  a  matter  of   fact,  eiprnment 

fn*oved  that  the  N  metabolism  is  to  a  brge  extent  independfnt  of  the  ]»roteidsof  the  food*  The 
uxns-ctmHuinption  tbt-ory  iias  invented  to  explain  tliiB.  Jt  simply  means,  tbat  proteids  talcen 
with  the  food  not  only  replace  the  amouiit  of  proteids  whieli  have  been  liecoiiiii^iwiKl  during  the 
activity  of  oigaiiij  and  tissues^  but  thnt  auy  exceas  m  iiu mediately  consymod  uithont  l>eii)g  con- 
verted into  tissue,  aiid  thus  this  surplus  amount  giving  ri^e  to  he^it  by  hoing  oxidiiied,  to  a  certaia 
extent  replneeB  tlie  fats  and  carbonydraten.  Voit  tiled  to  show  that  nitrogenous  met^bolisin 
is  not  inihienced  by  the  aetivity  of  the  organism,  and  that  in  ordinary  tniiditioiis  only  a 
anrtali  aiuonut  of  the  organic  albumin,  i.c,  that  composing  tissues  and  organsp  undergo^ea 
deeom position,  while,  owing  to  the  action  of  tin?  cellular  elenientH  of  the  tissue,  a  lai^c  amount 
of  the  circidating  albumin  is  eplit  up,  so  that,  undiT  ordinary  conditions,  the  organic  atbnniin  is 
comparatively  stable.  This  view,  be  thought,  gained  suj^port  from  a  conijMirison  of  the  urea 
ex  ere  ted,  for  the*  una  may  be  taken  as  an  index  of  the  N  metabolism  in  well-fed,  fasting,  and 
starving  animals.] 

[It  Ih  Idghly  doubtful,  however,  whether  we  can  draw  a  isharp  distinction  iKJtweeTi  '*  tissue 
proteids"  and  *' circulating  proteids**  as  fuirdbog  two  diirerttiit  functions.  Formeily  thfl  blood 
was  BUpfiosed  to  be  the  seat  of  oxidation,  but  wo  have  seen  reason  to  beOeve  that  these  pro- 
ceeses  occur  in  the  tLs^iues.  Tills  being  so,  it  jwcms  evident  that  the  food  does  nfjt  undergo 
deconi position  or  katabolic  cliangea  until  it  has  been  iissiniilated,  or  beconic  ftart  antf  {lareet  of 
the  living  tis-sues,  so  that  tbc  metabolic  products  are  not,  as  a  rule,  derived  from  the  food 
direct,  liut  from  the  activity  of  the  living  ti.^sues.  If  an  increased  quantity  of  food  l^e  taken, 
the  excretion  of  waste  [>rodQcts  is  also  increastni.  On  Voit*s  doctrine  of  "  tissue  prt»toids  "  and 
*' circulating  proteids,"  part  of  the  proteid  was  siipj>osed  to  pass  inta  the  bhMjd,  and  not  to  be 
built  up  into  tisfiucj?  at  all,  but  was  oxidised  directly  in  the  blood  to  yield  beat  only*  The 
theory  of  **  bixus-couHumption  "  was  invented  by  Voit  to  account  for  this  supfKJsed  pi*oce«i, 
I»ecaufte  it  Bcemed  a  wasteful  ex|ienditure  of  proteids.  This  theory,  however,  has  found  but 
little  favour,  as  so  many  faeta  are  against  it ;  for  the  formation  of  luk^t^iholites  seems  to  b« 
essentially  a  function  of  living  materia!,  viz.,  the  living  tlsAues  and  organs  of  the  body.] 

Quality  and  Quantity  of  the  Diet  for  a  healthy  adult.— A.**  fnr  ns  bi.s  organisation 
is  coricemed,  man  belongs  t'O  tlie  Omnivorous  aniiuals,  ?>.,  those  that  can  live  ui>on 
a  mixed  diet.  Fi>r?iri  adequate  diet  mnn  iv-juires  fur  his  existence  and  to  main- 
tain health  n  ndxture  of  the  folkiwing  four  chief  groups  of  foodstufls,  along  with 
the  necessary  relishes  ;  none  of  them  niiist  1m'  abst-nt  from  the  food  for  any  Jenj^h 
of  time.     They  are  : — 

L  Water-for  un  adult  in  his  food  and  drink,  2700  to  2800  gnus.  (70  to  90  ox. 
daily  (S  221)  and  S  247,  1). 

[TMrst.—Tbe  needs  of  I  be  economy  for  wnt^T  ai-c  ex  pressed  by  the  sensation  of  thirst.  Tlie 
fiensttlion  of  beat  and  dryness  may  lie  confined  to  thu  tongue,  mouth,  and  fauces,  and  iud<*cd 
maybe  excited  hy  inhaling  dry  air.  This  local  Ibiret  may  be  allayed  by  swallowing  water  or 
by  eating  sulistancea  which  excite  the  se:Meli^m  of  saliva.  More  frequently,  however,  the 
sensiition  is  the  expression  of  a  general  condition  indictttiuc;  the  diminution  of  water  in  the 
tissues  ;  or  it  may  be  due  to  excess  of  saline  nmtlei-s  in  tlie  hlood.  In  some  diseases  this  sen&atlou 
is  very  intense,  c.//, ,  diabetes.  If  water  be  injected  into  the  blood -vessels,  or  stomach,  both  the 
general  and  local  thirst  ine  uholished,  even  although  no  water  enlei-s  the  mouth.] 

2,  Inorganic  substances  or  Salts  ure  an  integnil  i>art  of  nil  tissues,  and  without 
tliem  the  tissues  eaunot  he  formed.  They  occur  in  ordinary  finxh  The  addition 
of  too  much  salt  iucreascs  the  eon.snmption  of  water,  and  this  in  turn  increases  Uie 
transfnnuntion  of  N  in  tlip  IcmIv.  If  an  aniiual  he  dejaiveil  of  salts,  nutrition  19 
interfered  with  ;  food  ileprived  of  its  ii!in^  afleets  the  fnrnmtitsn  of  ihe  Iwineji  ;  fli> 
prival  of  eojnmon  .salt  causes  tilbumiiiuiia  (247,  A,  III).  The  idkaline  stdt**  8^r\*e 
to  neutralise  the  sidpluiric  aeitl  furmeil  by  the  oxidjUiMii  tif  the  sulphur  of  the  jiro- 
teids.  Iron,  which  is  so  essential  for  the  fonnatii»n  of  bhunh  exists  in  animals  ami 
plants  in  combimition  w^ith  complex  organic  iKxlies. 
Only  in  times  of  famine  is  man  driven  to  eat  large  quantities  of  inorganic  subataucct,  to 
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extract  the  organic  matter  mixed  therewith.     A.  v.  Humboldt  states,  in  regard  to  the  inhabit- 
ants of  the  Orinoco,  that  they  eat  a  kind  of  earth  which  contains  innumerable  infusoria. 

3.  At  least  one  animal  or  vegetable  albuminous  body  or  proteid  (^  248,  250). 
The  })rotei(ls  are  required  to  replace  the  used-up  nitrogenous  tissues,  e.7.,  for 
muscles.     They  contain  15-18  i)er  cent  N. 

The  proteidB  in  blood -20 '56  per  cent. ;  muscles,  19*9  percent.;  liver,  1174  per  cent. ;  brain, 
8*63  per  cent.;  blood-plasma,  7*5  jMsr  cent.;  milk,  3*94  per  cent.;  lymph,  '2*46  per  cent 
According  to  Pfliiger  and  Bohland,  a  youth  of  full  stature,  and  62  kilos.  [136  lbs.]  weight,  de- 
com [loses  89*9  gnns.  of  albumin  daily. 

Asparagln,  in  combination  with  gelatin,  can  replace  albumin  in  the  food  ( Weiske\  while 
asparngin  alone  limits  the  decomposition  of  albumin  in  herbivorabutnotin  carnivora  (J,  Munk), 
Ammouiacal  salts,  glycocoll,  sai-kosin,  and  benzamid  increase  with  the  amount  of  albumin  in 
the  body. 

4.  At  least  one  fat  (§  251),  or  a  digestiWe  carbohydrate  (§  252).  The^e  chiefly 
serve  to  replace  the  transformed  fats  and  non-nitrogenous  constituents.  Owing  to 
the  large  amount  of  C  which  they  contain,  when  they  undergo  oxidation,  they  form 
the  chief  source  of  the  heat  of  the  body  (§  206).  Fats  and  carbohydrates  may 
rej>lace  each  other  in  the  food,  and  in  inverse  proportion  too,  corresponding  to 
the  amount  of  C  which  each  contains.  As  far  as  the  mere  evolution  of  heat  is 
concerned,  100  parts  of  fat  =256  of  grape-sugar  =234  of  cane-sugar  =  221  of  dry 
starch  (Rubner),     A  man  consumes  210  grms.  fat  daily. 

[5.  Eveiy  proper  diet  ought  to  have  a  certain  decree  of  sapidity  or  flavour.  The  substances 
which  give  this  are  not  useful  in  the  evolution  of  energy  or  building  up  the  tissues,  but  they 
stimulate  the  nervous  system  and  excite  secretion.  Tliey  are  called  '*Genussmittel"  (means 
of  enjoying  food)  by  the  Germans,  but  we  have  no  exact  equivalent  for  this  word  in  English, 
though  tlio  articles  themselves  are  included  under  our  expression  "condiments."  These  sub- 
stances are  the  aromatic  matter  in  roast  meat  (osmasome),  tea,  vinegar,  salt,  mustard,  pepper, 
&c.] 

[Condition  of  Diet  for  Health. — In  an  adequate  diet,  not  only  (1)  should  the 
total  quantity  of  food  be  suflicient  and  not  more  than  sufKcient,  but  (2)  the  con- 
stituents should  exist  in  proper  proportions,  (3)  be  digestible,  and  (4)  the  whole 
should  be  in  good  condition,  wholesome,  and  not  adidtorated  with  any  substance 
prejudicial  to  health.] 

With  regard  to  the  relative  proportions  of  the  various  kinds  of  food  which 
ought  to  be  taken,  experience  has  shown  that  the  diet  best  suited  for  the  body 
must  contain  1  paii  of  nitrogenous  foods  to  3  J  or,  at  most,  4^  of  the  vim-nitro- 
genous. Looking  at  ordinary  foods  from  this  point  of  view,  we  see  how  far  they 
corres^KJud  to  this  requirement,  and  how  several  sul^sttuices  may  be  combined  to 
produce  a  satisfactory  diet. 

Pork,  . 
Cow's  milk, 
Human  milk, 
Wheaten 
flour, 

12.  Oat-meal,     . 

13.  Rye-meal, 

An  examination  of  this  table  shows  that,  in  addition  to  human  milk,  wheat-flour  has  the 
right  proportion  of  nitrogenous  to  non-nitrogenous  substances.  A  man  who  tries  to  nourish 
himself  on  beef  alone  commits  as  great  a  mistake  as  the  one  who  would  feed  himself  on  potatoes 
alon(\  Experience  has  tauglit  people  that  man  may  live  upon  milk  and  eggs,  but  that  in 
addition  to  flesh  we  must  eat  bread  or  iK)tatoes,  while  pulses  require  fat  or  bacon. 

The  diet  varies  with  the  climate  and  with  the  season  of  the  year.  As  the 
organism  must  produce  more  heat  in  cold  latitudes,  tlie  inhabitants  of  nortliern 
climates  must  eat  more  non-nitrogenous  foods,  such  as  fats  and  sugars  or  starches, 
which,  on  account  of  the  large  amount  of  C  they  contain,  are  admirably  adapted 
for  producing  heat  (§214,  I.,  4). 


Nit. : 

Non-Nlt. 

1. 

Veal,        . 

.     10 

1 

8. 

2. 

Hare's  flesh, 

.     10 

2 

9. 

3. 

Beef,        . 

.     10 

17 

10. 

4. 

Lentils,  . 

.     10 

21 

11. 

5. 

Beans,     . 

.     10 

22 

6. 

Peas, 

.     10 

23 

12. 

7. 

Mutton,  . 

.     10 

27     ' 

13. 

X!t.Non.-NU.. 

Nit.  Non-Nlt. 

10       30     1 

14. 

Barley-meal, 

10      67 

10      30     I 

15. 

White 

10      37     , 

potatoes, 

10      86 

16. 

Bhie     „ 

10    115 

10      46 

17. 

Rice,    . 

10    123 

10       50 

18. 

Buck -wheat- 

10      67 

meal, 

10    130 
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The  gi"apliic  reproseiitiilitui  (if  tlie  compose iti on  of  fotxk  (Jig.  :393)  fihows  thi?  re- 
lative  pro jKirti 0113  of  tlie  most  import'int  footlstulf^,  and  how  they  vary  from  t!ie 
Btaiidard  of  1  nitrogfiioiiji  to  3i  or  4i  iion-nitro|Tjenoiis. 

Tli*^  absolute  amount  of  food-fitiiSB  roijuirud  hy  an  at  hilt  in  twonty-fonr  fiours 


rorlt. 
Fowl. 


Cow's 
mUk, 


lliiman 

milk. 


■.  1  r<H'j(iB. 


AUmniluiiJilft.      N'f 


62 


15 


73 


76 


73.1 


3« 


ad 


-UlA. 


I 

J' 
J 

~p      Hi    I  « « 


FotAtoeji, 


Whirc 
Turnip. 


Oiull- 
tldHrcr. 


1 

^^gnz-'^_ 

^^1 

Water.                    rrrirrHw. 

K-fi 

Whcateii 

^,3 

Pou. 

H      ^^^3 

' 

Rice. 

13    ^Hiill!:. 

Vegetable  Foods. 


t,  ^ 


7n 


75 


80,^ 


00 


90 


1,., 

I 

I- 

.J, 


IH  - 


Fig.  293. 


depends  upon  a  variety  of  conditions.  As  tlin  food  represc«nte  tlie  chpniieal 
rei^Eervoir  of  potential  energy,  from  wkieh  the  Icinotii"  <?ner>jy  (in  iU  various  foniis) 
and  the  heat  of  the  btxly  are  ohtain^^d^  tlie  sdjsohito  amonnt  of  fooil  must  Ix* 
incre/iscd  wlu»n  the  Ixxly  loses  more  heat,  as  in  winter,  and  when  more  tnuscular 
activity  (work)  i.s  accornplislied.  As  a  general  rule,  an  aJttU  rrtiuitvs  daily 
130  grams  proteids,  84  grams  fats,  404  grams  carbohydrates,  and  30  grams 
aalts. 
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A  Healthy  Adult  reqnireB  in  24  Hours  of  water-free  solids  :— 


Food  In  Grams. 


AtReRt 
{Plau/air). 


Moderate 

Work 

{MoleschoU). 


lAborlotiB  Work. 


Proteids, i 

Fats i 

Carbohydrates  (Sugar,  Starch,  &c. ), 

Salts, I 


70-87       j 

180 

28-35 

84 

310-20 

i04 

14-00       , 

80 

{Plapfair). 

155-92 
70-87 

697-50 
4U-00 


(c.  PeUenko/er 
and  V.  Vait.) 

137 

117 

352 

40 


[When  we  record  these  numbers  in  ounces  we  get  the  following  results  as  water- 
free  solids  required  by  an  average  man  (ParJces) : — 


At  Rest. 


Ordinao'  Work. 


Proteids,    . 
I  Fats, 
I  Carbohydrates. 

Salts, 


2-5 

1-0 

12  0 

0-5 


4-6 

3-0 

14-4 

1-0 

Total  water- free  food, 


160 


23-0 


LaboiiouA  Work. 

6      to 

7 

3-5  to 

4-5 

16     to  18        1 

1-2  to 

1-5 

26-7  to  31-0 

])uring  ordinary  work  the  proportion  is  about : — 

Proteids  1  :  fats  0*6  :  carbohydrates  3-0, 
*.<'.,  1  nitrogenous  to  3*6  non-nitrogenous.] 

[In  a  diet  for  ordinary  work  (23  oz.  of  diy  solids)  a  man  takes  about  y^  part- 
of  his  own  weight  daily  ;  ordinary  food,  however,  as  it  is  consumed,  contains  be- 
tween 50  and  60  per  cent,  of  water ;  if  we  add  this  proportion  of  water  to  the 
actually  dry  food,  we  get  48  to  60  oz.  of  ordinary  food  (exclusive  of  liquids).  But 
we  consume  50  to  80  oz.  of  water  in  some  liquid  form,  making  the  total  amount  of 
water  70  to  90  oz.  {Parkesy] 

The  following  tables  show  the  elementary  composition  of  the  income  and  ex- 
penditure : — 


AN   ADULT   DOINC;    A    MODKI 

ATK   AMOUNT  OB' 

c. 

WORK  ta 
H. 

Kes  in  :  — 
N. 

(). 

120  giams  albumin,  containing    . 
90      „     fats,                  „           .         . 
330      ,,     starch,              ,, 

64-18     ! 

70-20     ; 

146-82     1 

8-60 
10-26 
20-33 

18-88 

28-34 

9-64 

162-86 

281-20     1 

39-19 

18-88 

200-73 

Add    744-11  grm.  0  from  the  air  by  respiration. 
„    2818  „    HjO. 

,,        32  ,,    Inorganic  compounds  (salts). 

The  whole  Ls  equal  to  3  J  kilos.  [7  lbs.],  Le,,  about  tjV  of  the  Ixniy-weight ;  so 
that  about  6  })er  cent,  of  the  water,  about  6  per  cent,  of  the  fat,  about  1  per  cent, 
albumin,  and  about  0*4  per  cent,  of  the  salts  of  the  body,  are  daily  transformed 
within  the  organism. 

An  Adult  doing  a  Moderate  Amount  of  Work  gives  off  in  grams  :— 


By  respiration, 
Perspiration, 
Urine, 
Faices, 


Water. 

C.         ' 

H. 

N. 

0. 

330 

248-8 

? 

651-15 

660 

2-6 

7-2 

1700 

9-8      1 

3-8 

15-8 

111 

128 

20-0      1 

?0 

3-0 

12-0 

2818 

281-2      1 

6-3 

18-8 

681-45 
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Afi4  Vf  th»  lum^Jitft  2$1  S  gFUDS  ««t«r  mm  dnok  294  grams  vmter  fbnncd  in  d>e  bodr  by  the 
^>xi4Ati/>si  of  H.  Tb«if^  2S^  KTUbs  of  water  o>DUin  ^^I'&d  gnai.  H,  and  dS3-41  grmL  O ;  dl 
grn^  *4  «kiU  ar<!r  giTen  off  iii  tLt  iznD«,  and  4  br  tbc  Caeca.  ^'5  grms.  of  procead  . « I'-M  grm. 
f^T  kilo,;  art  OMd  op  l/j  a  nsdiig  adaJt  in  tventr-foar  hoon  ;  bat  while  working  107 "6  grmm. 
«f^  fu^     X'yfXiinallj  'i-Z  tiiMS  >.%  mivrh  lat  a*  albamin  art  used  ofi. 

Tb^  ittr'^tiscitifjtut  «A  tb<t  Mauirrh  School  hare  shown  that  the  following  nnmbets  Rfrcaent 
Um;  adsianm  amoBBt  of  food  n«ceMarj  for  diflemU  ages : — 


Aipe- 


Fai. 


Child  until  ]|  >frar,  . 

„     from  'J  to  15  jeari,  . 
Man  im^ffitnU  workj. 
Woman  „ 

Old  man,  .... 
Old  woniAfj, 


20-36  gmw. 

30-45  grma. 

60-90  gnna. 

70-80      „ 

37-50    „ 

250-400    „ 

118      .. 

5«    „ 

500    „ 

^2      „ 

44     ,. 

400    „       1 

100       „ 

63    „ 

350    „ 

W       „ 

50    .. 

260    ..      I 

Hmall  animalA  hav«;  a  more  Hrely  metabolism  than  large  ooes^  In  small  animals  the  decom- 
position of  alhiiriiin  [ler  unit  weight  of  body  is  greater  than  in  large  animals  (r.  VoU).  Small 
animaU  an  a  rule  conmime  more  proteid  than  larger  ones,  because  they  generally  have  leas  bodily 
fat  (Jtnh/ur), 

S Influence  of  work  on  the  Metabolism. — When  muscular  work  is  done  in  the 
y,  thr;rr;  iM  a  much  grc^ater  dccompofdtion  of  non^trogenons  substances  in  the 
Ujily,  thfi  rarlKiliydniUfS  of  muscle  and  the  fats  of  the  body  are  used  up,  and  after 
th<'y  are  larj^ely  decomiK^sf^l  the  muscular  tissue  itself  is  used  up.  Pettenkofer  and 
Voit  found  in  an  indivirlual  weighing  70  kilos  (147  lbs.)  that  his  diet  (mixed  diet) 
at  rest  w;is 


I'rotei'U,    . 
FaU, 

Carlxjhyd  rates, 
Water, 

and  lie  excreU;d 


137  grams  |conUining  19*5  grams  N. 

352     ;;     J         -"'^''^'^ 

2262       „ 


and  315-5 


1 

1 

By 

Ui« 

urine,     . 
ffecen,     . 
n?M]»iratioii,    . 

Grams  N. 


17-4 
2-1 


GnunsC. 


Grams  Water. 


12-6 

14-5 

309  2 


1194 

94 

1412 


ToUl, 


19-5 


336-3 


2700  C.C 


8o  that  IiIh  Ixxly  wjih  in  X  -  eriuilibrium  and  lie  gave  off  also  438  grams  of  water 
and  20H  grains  of  C=2H  grams  of  fat  When,  however,  he  did  a  large  amount 
of  work  he  t<j(>k  th(j  Kanie  amount  of  proteids  and  carbohydrates,  but  nearly  douhlc 
as  much  fat  (S  294).] 

Relation  of  N  to  C  in  Foods  and  Dietaries. —In  most  of  the  ordinary  articles 
of  diet,  nitrogenous  and  non-nitrogenous  substances  are  present,  but  in  very  varying 
proportion,  in  the;  different  foods.  Man  recpiires  that  these  shall  be  in  the  propor- 
tion of  1 :  3J  to  1 :  4A.  If  food  be  taken  in  which  this  projjortion  is  not  observed, 
in  order  to  obtain  tlu?  necessary  amount  of  that  substance  which  is  contained  in 
too  Hinall  pro|K)rtion  in  his  food,  he  must  consume  far  too  much  food.  In  order 
to  obtain  tlic  130  g^ams  of  proteids  necessary  a  person  must  use 


(.■hci'H*', 
liClliilN, 

roas,  . 


388  grms. 

Beef. 

.     614  grins 

491      ,. 

EKg8, 

.     968      „ 

r)82      „ 

Wheat-bread, 

.   1444      „ 

Rice, 

Rye-bread, 

Potatoes, 


2562  gnoa. 
2876     ,. 
10,000     „ 


provided  he;  were  to  take  only  one  of  these  substances  as  food ;  so  that  if  a  work- 
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man  were  to  live  on  potatoes  alone,  in  order  to  get  the  necessary  amount  of  N  he 
would  have  to  consume  an  altogether  excessive  amount  of  this  kind  of  food. 

To  obtain  the  448  grams  of  carbohydrates,  or  the  equivalent  amount  of  fat 
necessary  to  support  him,  a  man  must  eat 

Peas, 


Rice,  . 

Wheat-bread, 

Lentils, 


672  grms. 
625    „ 
806    „ 


819  grms. 
902      „ 
930      „ 


Cheese,  . 
Potatoep, 
Beef,      . 


2011  grms. 
2089     ,, 
2261     „ 


Rye-bi-ead, 

so  that  if  he  were  to  live  upon  cheese  or  flesh  alone,  he  woidd  require  to  eat  an 
enormous  amount  of  these  substances. 

In  the  case  of  herbivora,  the  proportion  of  nitrogenous  to  non-nitrogenous  food  necessary  is 
1  of  the  former  to  8  or  9  parts  of  the  latter. 

Lastly,  all  the  nutrient  material  is  not  necessarily  digested  and  absorbed  in  the 
intestinal  tract ;  on  the  contrary,  there  always  remains  an  imdigested  or  unused 
residue  which  is  evacuated  >vith  the  fseces.  The  yield  of  dry  substance,  with  rice 
as  a  food,  is  4*1  i>er  cent. ;  white  bread,  4*5 ;  flesh,  5*2  ;  egg,  5*2 ;  milk,  9 ; 
potatoes,  9*4;  peas,  11*8;  beans,  18*3;  and  black  bread,  15  (PratLsnitz) 
(§  185,  2). 

237.  HTJN6EE  AND  STAEVATION.— If  a  warm-blooded  animal  be  deprived 
of  all  food,  it  must,  in  order  to  maintain  the  temperature  of  its  body  and  to  pro- 
duce the  necessary  amount  of  mechanical  work,  transform  and  utilise  the  potential 
energy  of  the  constituents  of  its  own  body.  The  result  is  that  its  body-weight 
diminishes  from  day  to  day,  until  death  occurs  from  starvation. 

The  following  table,  from  Bidder  and  Schmidt,  shows  the  amounts  in  grams  of  the  different 
excreta  in  the  case  of  a  starved  cat : — 


Day. 

Body- 
weight. 

Water 
token. 

Urine. 

Urea. 
7-9 

Inorganic 

Sulwtanccs 

In  Urine. 

Dry 
FaBces. 

Expired  C. 

Water  In 

Urine 
and  Feces. 

1. 

2464 

98 

1-3 

1-2 

13-9 

91-4 

2. 

2297 

I'i'-s 

54 

5-3 

0-8 

1-2 

12-9 

50-5 

3. 

2210 

... 

45 

4-2 

07 

11 

13 

42-9 

4. 

2172 

68-2 

45 

3-8 

0-7 

1-1 

12-3 

43 

5. 

2129 

55 

4-7 

0-7 

1-7 

11-9 

54-1 

6. 

2024 

... 

44 

4-3 

0-6 

0-6 

11-6 

41  1 

7. 

1946 

... 

40 

3-8 

0-5 

0-7 

11 

37-5 

8. 

1873 

... 

42 

3-9 

0-6 

1-1 

10-6 

40 

9. 

1782 

15-2 

42 

4 

0-5 

1-7 

10-6 

41-4 

10. 

1717 

35 

3-3 

0-4 

1-3 

10-5 

34 

11. 

1695 

4 

32 

2-9 

0-5 

11 

10-2 

30-9 

12. 

1634 

22-5 

30 

2-7 

0-4 

1-1 

10-3 

29-6 

13. 

1570 

7-1 

40 

3-4 

0-5 

0-4 

101 

36-6 

14. 

1518 

41 

8-4 

0-5 

0-3 

9-7 

38 

15. 

1434 

41 

2-9 

0-4 

0-3 

9-4 

38-4 

16. 

1389 

48 

3 

0-4 

0-2 

8-8 

45-5 

17. 

1335 

28 

1-6 

0-2 

0-3 

7-8 

26-6 

18. 

1267 

13 

0-7 

0  1 

0-3 

6-1 

12-9 

-1197 

181-5 

773 

65-8 

9-8 

15-7 

199-7 

734-4 

The  cat  lost  1197  grms.  in  weight  before  it  died,  and  this  amount  is  apportioned 
in  the  following  way  : — 204*43  grms.  ( =  17-01  per  cent.)  loss  of  albumin ;  132-75 
grms.  ( =  1 1  -05  per  cent.)  loss  of  fat ;  863*82  grms.  loss  of  water  (  =  71-91  per  cent, 
of  the  total  body-weight  lost). 

Methods. -<In  order  to  investigate  the  condition  of  inanition  it  is  necessary— (1)  to  weigh  the 
animal  daily  ;  (2)  to  estimate  daily  idl  the  C  and  N  given  otf  from  the  body  in  the  faeces,  urine, 
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and  expired  air.     The  N  and  C,  of  course,  can  only  be  obtained  from  the  decomposition  of 
tissues  containing  them. 

Amongst  the  general  phenomena  of  inanition,  it  is  found  that  strong  well-nourished  dogs 
die  after  4  weeks,  man  after  21  to  24  days — (6  melancholies  who  took  water  died  after  41  days) ; 
small  mammals  and  birds  9  days,  and  frogs  9  months.  Vigorous  adults  die  when  they  lose  ^ 
of  their  body-weight,  but  young  individuals  die  much  sooner  than  adults.  The  Bsnnptoms 
are  obvious  : — The  mouth  is  dry,  the  walls  of  the  alimentary  canal  become  thin,  and  the  diges- 
tive secretions  cease  to  be  formed  ;  pulse-beats  and  respirations  are  fewer  ;  urine  very  acid  from 
the  presence  of  nn  increased  amount  of  sulphuric  and  phosphoric  acids,  whilst  the  chlorine 
compounds  rapidly  diminish  and  almost  disappear.  The  blood  contains  less  water  and  the 
plasma  less  albumin,  the  gall-bladder  is  distended,  which  indicates  a  continuous  decomposition 
of  blood-corpuscles  within  the  liver.  The  liver  is  small  and  very  dark  coloured,  the  muscles 
are  very  brittle  and  dry,  so  that  there  is  a  great  muscular  weakness,  and  death  occurs  with  the 
signs  of  great  depression  and  coma. 

Metabolism  during  inanition. — The  relatious  of  the  metabolism  are  given  in 
the  foregoing  table;  the  diminution  in  the  excretion  of  urea  is  much  greater 
than  that  of  CO2,  which  is  due  to  a  larger  amount  of  fats  than  proteids  being 
decomposed.  According  to  the  calculation,  there  is  daily  a  tolerably  constant 
amount  of  fat  used  up,  while,  as  starvation  continues,  the  proteids  are  decomposed 
in  mucli  smaller  amounts  from  day  to  day,  although  the  drinking  of  water  accel- 
erates their  decomposition. 

[Excretion  of  urea  daring  inanition.  —The  above  data  shows  that  the  urea  excreted  falls 
de<:idedly  during  the  first  few  days,  then  it  falls  to  a  minimum,  and  for  several  days  it  remains 
pretty  constant,  and  then  it  quickly  falls,  when  the  symptoms  of  approaching  death  supervene. 
Sometimes  a  rise  in  the  quantity  excreted  takes  place  when  all  the  fats  are  used  up.] 

Loss  of  Weight  of  Organs. — It  is  of  importance  to  determuie  to  what  ex- 
tent the  individual  organs  and  tissues  lose  weij?ht:  some  undergo  simple  loss 
of  weight,  c//.,  the  bones;  the  fat  undergoes  very  considerable  and  rapid  decom- 
position, while  other  organs,  as  the  heart,  undergo  little  change,  because  they 
seem  to  be  able  to  nourish  themselves  from  the  transformation  products  of  other 
tissues. 

A  starving  cat,  according  to  v.  Voit,  lost — 


1.  Fat.     . 

2.  Spleen, 
8.  Liver, 
4.  Testicles,     . 
6.  Muscles, 

6.  Blood, 

7.  Kidneys, 

8.  Skin, 

9.  Intestine, 

There  is  a  very  impoi-tant  difference  according  as  the  animals  before  inanition 
have  been  fed  freely  on  fle^h  and  fat  [/.c,  if  they  have  a  surplus  store  of  food 
within  themselves],  or  as  they  have  merely  had  a  subsistence  diet.  Well-fed 
animals  lose  wciglit  much  more  rapidly  during  the  first  few  days  than  on  the  later 
days.  V.  Voit  thinks  that  the  albumin  derived  from  the  excess  of  food  occurs  in 
a  state  of  loose  combination  in  a  body  iis  "circulating"  or  ^^storage-albumins'*  so 
that  during  hunger  it  must  decompose  more  rapidly  and  to  a  greater  extent  than 
the  "organic  albumin,"  which  forms  an  integral  part  of  the  tissues  (§  236). 
Further,  in  fat  individuals,  the  decomposition  of  fat  is  much  greater  than  in  slender 
persons. 

[Comparative. — Cold-blooded  animals  live  much  longer  without  food  than  mammals  or  birds. 
Snakes  may  live  half  a  year  and  fro^  nearly  a  year  without  food.  Dogs  may  survive  for  4 
weeks,  catfi  and  horses  for  8  weeks  without  food  or  drink,  especially  if  they  are  quiet,  and  not 
called  upon  to  make  any  exertion.  It  is  remarkable  that  small  mammals,  guinea-pigs  and  rats 
survive  only  for  a  few  days  (3-9) :  rabbits  even  19  days.     If  water  be  given,  however,  the  animals 


Per  cent. 

Per  cent,  of 

Per  cent. 

Per  cent,  of 

originally 

the  total  loss  of 

originally 

the  total  loss  of 

present. 

body-weight. 

present. 

body-weight. 

97 

26-2 

10. 

Lungs, 

177 

0-8 

667 

0-6 

11. 

Pancreas,   . 

17  0 

0-1 

537 

4-8 

12. 

Bones, 

13-9 

5-4 

40-0 

O'l 

13. 

Central  Nervous 

30-5 

42-2 

System    . 

3-8 

01 

37  0 

37 

14. 

Heart, 

2-6 

0  02    . 

25-9 
20-6 

0-6 
8-8 

15. 

Total  loss  of  the 
rest    of   the 

18-0 

2-0 

body, 

36-8 

6  0 
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survive  longer,  dogs  for  i  weeks,  man  4  or  5  weeks,  and  the  dog  even  9  weeks.  Quite  young 
animals  die  (quicker  than  adults  {Afunk).  As  to  a  human  being  many  factors  have  to  be  taken 
into  account, — age  (old  persons  withstand  withdrawal  of  food  best),  amount  of  muscular  work 
done,  the  condition  of  tne  atmosphere,  whether  it  is  moist  and  saturated  ^vith  watery  vapour  or 
otherwise  ;  temperature  of  the  surroundings,  &c.  As  a  rule,  complete  abstinence  from  food  and 
drink  cannot  be  suppoi*ted  for  more  than  8-10  days,  although  tnere  are  exceptional  cases  on 
record  where  life  has  been  sustained  for  forty  days  without  rood,  water,  however,  being  taken. 
Total  depnvation  of  food  in  man  usually  causes  death  in  the  third  week.] 

Zuntz  and  Lehmann,  experimenting  on  the  fasting  man  Cetti,  found  that  the  consumption  of 

0  and  the  production  of  CO^  with  re^rence  to  the  unit  of  body-weight  very  rapidly  reached  a 
minimum,  under  which  it  aid  not  fall,  although  the  person  continued  to  starve.  As  a  mean 
the  O  consumed  on  the  3rd  to  6th  day  of  starvation  —  4  *65  c.c  per  minute  per  kilo.  The 
respiratory  metabolism  diminished  very  slowly,  but  not  in  proportion  to  the  loss  of  body- 
weight.  At  the  beginning  of  starvation  the  CO,  fell  more  rapidly  thau  the  O  consumed.  The 
respiratory  quotient  was  0  '67.    The  urea  diminished  from  1-10  hunger  days  from  29  to  20  grams. 

238.  METABOLISM  ON  A  PUaBLY  FLESH  DIET.— A  man  is  not  able  to 
maintain  his  metabolism  in  equilibrium  on  a  purely  flesh  diet ;  if  he  were  compelled, 
to  live  on  such  a  diet,  he  would  succumb.  The  reason  is  obvious.  In  beef  the 
proportion  of  nitrogenous  to  non-nitrogenous  elementary  constituents  of  food  is 

1  :  1*7  (p.  441).  A  healthy  person  excretes  380  grams  [8  to  9  oz.]  of  carbon  in  the 
form  of  CO2,  in  the  expired  air,  and  in  the  urine  and  faeces.  If  a  man  is  to  obtain 
280  grams  C  from  a  flesh  diet  he  must  consume — digest  and  assimilate — more 
than  2  kilos.  [4*4  lbs.]  of  beef  m  twenty-four  hours.  But  our  digestive  orgiins  are 
unequal  to  this  task  for  any  length  of  time.  The  person  is  soon  obliged  to  take 
less  beef,  which  would  necessitate  the  using  of  his  own  tissues,  at  first  the  fatty 
parts,  and  afterwards  the  proteid  substances. 

A  camivorouB  animal  (dog),  whose  digestive  apparatus,  being  specially  adapted  for  the 
digestion  of  flesh— a  short  intestine  and  powerfully  active  digestive  fluids— can  only  main- 
tain its  metabolism  in  a  state  of  equilibrium  when  fed  on  a  flesh  diet  free  from  fat,  provided  its 
body  is  already  well  supplied  with  fat,  and  is  muscular.  It  consumes  Vs^  to  ,»y  part  of  the 
weight  of  its  body  in  flesh,  so  that  tlie  excretion  of  urea  increases  enormously.  If  it  eats  a 
larger  amount,  it  may  "put  on  flesh,"  when  of  course  it  reouires  more  to  maintain  itself 
in  this  condition,  until  the  limit  of  its  digestive  activity  is  reached.  If  a  well -nourished  dog  is 
fed  on  less  than  ^V  to  ^  ^^  i^»  bo«ly-weight  of  flesh,  it  uses  part  of  its  own  fat  and  muscle, 
gradually  diminishes  in  weight,  and  ultimately  succumbs.  Poorly  fed,  non-muscular  dogs  are 
unable  from  the  very  beginning  to  maintain  their  metabolism  in  equilibrium  for  any  length  of 
time  on  a  purely  flesh  diet,  as  they  must  eat  so  large  a  quantity  of  flesh  that  their  digestive 
organs  cannot  digest  it.  The  herbivora  cannot  live  upon  flesh  food,  as  their  digestive  appa- 
ratus is  adapted  solely  for  the  digestion  of  vegetable  food. 

[The  proteid  metabolism  depends  (1)  on  the  amount  of  proteids  ingested,  for 
the  great  mass  of  these  becomes  changed  into  circulating  albumin ;  (2)  upon  the 
previous  condition  of  nutrition  of  the  organism,  for  we  know  that  a  certain  amount 
of  proteid  may  produce  very  different  results  in  the  same  individual  when  he  is  in 
good  health,  and  when  he  has  suffered  from  some  exhausting  disease.  (3)  The 
use  of  other  foods,  e.g.,  fats  and  carbohydrates.  If  a  certain  amount  of  lat  be 
added  to  a  diet  of  flesh,  much  less  flesh  is  required,  so  that  the  N  metabolism  is 
reduced  by  fat.  This  is  spoken  of  as  the  "albumin-sparing  action  of  fats."] 
*  Exactly  the  same  result  occurs  with  other  forms  of  proteids,  as  with  flesh.  It 
has  been  proved  that  gelatin  may  to  a  certain  extent  replace  proteids  in  the  food, 
in  the  proportion  of  2  of  gelatin  to  1  of  albumin.  The  carnivora,  which  can 
maintain  their  metabolism  in  equilibrium  by  eating  a  large  amount  of  flesh,  can 
do  so  with  less  flesh  when  gelatin  is  added  to  their  food.  A  diet  of  gelatin  alone, 
which  produces  much  urea,  is  not  sufficient  for  this  purpose,  and  animals  soon  lose 
their  appetite  for  this  kind  of  food. 

[Gelatin. — Voit  has  shown  that  gelatin  readily  undergoes  metabolism  in  the  body  and  forms 
urea,  and  if  a  small  quantity  be  taken,  it  is  completely  and  rapidly  metabolised.  When  ad« 
ministered  it  acts  just  like  fats  and  carbohydrates  as  an  "albumin-sparing"  substance.  It 
seems  that  gelatin  is  not  available  directly  for  the  growth  and  repair  of  tissues.]    Owing  to  the 
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great  loliibilitj  of  gcrUtiu,  its  rftlae  as  a  food  used  to  be  i^muly  diacnsaed.  The  ad«litMMi  of 
geUtin  io  the  forta  of  calf^-foot  jelly  is  recommeDded  to  invalids.  [Wben  a  large  amoaiit  of 
fffelatin  iff  given  as  food,  owing  to  the  large  and  rapid  excretion  of  ar»,  the  latter  excites 
dinxetfift.]  When  chondrin  is  given  along  with  flesh  for  a  time,  grape-sogar  is  found  in  the 
nrioe. 

[Tin;  Ketabolism  of  Peptones. — Most  of  the  proteids  absorbed  into  the  blood 
are  previoiwly  converte^l  into  peptones  by  the  digestive  juices.  It  has  been  asserted, 
more  eKiiecially  by  BrUcke,  that  some  albumin  is  absorbed  unchanged  (§  192,  4), 
awl  that  only  this  is  cajjable  of  forming  organic  albumin,  while  the  peptones,  after 
undergoing  a  reconversion  into  albumin  as  they  jiass  through  the  intestinal  wall, 
undergo  rler:onijK«ition  as  such.] 

239.  A  DIET  OF  FAT  or  OF  CARBOHYD&ATES.— If  fitt  alone  be  given  as 

a  fof>l,  the  animal  lives  but  a  short  time.  The  animal  so  feil  excretes  even  less 
urea  than  when  it  is  starving ;  so  that  the  consumption  of  fat  limits  the  decom- 
jKwition  of  the  animal's  own  proteids.  As  fat  is  easily  oxidised  in  the  body,  it 
yiehls  heat  chiefly,  and  l>ecomes  sooner  oxidised  than  the  nitrogenous  proteids 
which  are  oxirlLsed  with  more  difficulty.  If  tlie  amount  of  fat  taken  be  very  large, 
all  the  C  of  the  fat  rloes  not  reajipear,  e.fj.,  in  the  CO.,  of  the  expired  air ;  so  that 
the  Ixnly  must  ac^juire  fat,  whilst  at  the  same  time  it  decomposes  proteids.  The 
animal  thus  Womes  jKxjrer  in  proteids  and  richer  in  fats  at  the  same  time. 

[The  metabolism  of  fats  Is  not  dei)endent  on  the  amount  of  fats  taken  with  the 
frxxl.  1.  It  is  largely  influenced  by  work,  i.e.,  by  the  activity  of  the  tissues,  and 
in  fact  with  muscular  work  CO.,  is  excreted  in  greatly  increased  amount  (§  126,  6). 
2.  By  the  temperatnre  of  the  surroundings,  as  more  COg  is  produced  in  the  cold 
(§214,  2),  and  far  more  fatty  foods  are  required  in  high  latitudes.  In  their  action 
on  thit  organism,  proteids  and  fats  so  far  oppose  each  other,  as  the  former  increase 
the  wjist**,  an«l  tli(*iefon*  oxidation,  while  the  latter  diminish  it,  probably  by  aflfect- 
ing  the  metiilx>lic  activity  of  the  cells  themselves  (Bauer).  As  a  matter  of  fact, 
fat  animals  or  jhtsous  l>ear  starvation  l)etter  than  spare  individuals.  In  the  latter, 
the  small  st<jre  of  fat  is  mxm  used  up,  and  then  the  albumin  is  rapidly  decomposed. 
For  tli<^  Hiiuui  reason  corpulent  persons  are  verj'  apt  to  become  still  more  so,  even 
on  a  very  moderate  diet.] 

When  carbohydrates  alone  are  given,  they  must  first  be  converted  by  digestion 
int^j  sugar.  The  result  of  such  feeding  coincides  pretty  nearly  with  feeding  with 
fat  alone*.  But  the  sugar  is  more  easily  burned  or  oxidised  within  the  body  than 
the  fat,  and  17  parts  of  carlx^hydrate  are  equal  to  10  parts  of  fat  Thus  the  diet 
of  carl)oliydrat4is  limits  the  excretion  of  urea  more  readily  than  a  purely  fat  diet. 
Th(i  animals  lose  flesh,  and  appear  even  to  use  up  part  of  their  own  fat. 

[The  metabolism  of  carbohydrates  also  serves  to  diminish  the  proteid  meta- 
]x)Iism,  as  they  are  rajiidly  burned  up,  and  thus  "spare"  or  "economise"  the 
circulating  albumin.  But  Pettenkofer  and  Voit  iissert  that  they  are  nipidly 
destroyed  in  the;  body,  even  when  given  in  large  amount,  so  that  they  differ  from 
fats  in  this  respect  They  are  more  ciisily  oxidised  than  fats,  so  that  they  are 
always  conHumed  first  in  a  diet  of  carbohydrates  and  fat.  By  being  consumed 
thc^y  protect  the  proU;ids  and  fats  from  consumption.] 

Tho  direct  introduction  of  giapc-  and  cane-sutjar  into  the  blood  does  not  increase  the  amount 
of  ()  uhihI,  but  the  aniount  of  CO^  is  increased.  [The  doctrine  of  Liebig,  that  the  oxygen  taken 
in  is  a  nieasuro  of  the  nietibolic  j)roce»se8,  is  refuted  by  these  and  other  experiments.  It 
would  seeni  that  fat  is  not  directly  oxidised  by  0,  but  that  it  is  split  up  into  other  simpler 
compounds  whicli  are  slowly  and  gradually  oxidised  ;  in  fact,  fat  may  lessen  the  amount  of  O 
taken  in,  as  it  diminislies  wasU'.j 

240.  FLESH  AND  FAT,  or  FLESH  AND  CAEBOHYDEATES.— An 

amount  of  ficsh  equal  to  .}g  U)  t^V  «^  the  weight  of  the  body  is  required  to  nourish  a 
dog,  which  is  fed  on  a  purely  llesli  diet ;  if  the  necessary  amount  of  fat  or  carbo- 


Sec.  240.] 


STRUCTURE  OF  ADIPOSE  TISSUE. 


449 


hydrates  be  added  to  the  diet,  a  smaller  quantity  of  flesh  is  required  (v,  Voit).  For 
100  parts  of  fat  added  to  the  flesh  diet,  245  parts  of  dry  flesh  or  227  of  syntonin 
can  be  dispensed  with.  If  instead  of  fats  carbohydrates  are  added,  then  100  parts 
of  fat  =  230  to  250  of  the  latter  (Rubner).  When  the  amount  of  flesh  is  insufficient, 
the  ad<lition  of  fat  or  carbohydrates  to  the  food  always  limits  the  decomposition  of 
the  animal's  own  substance.  Lastly,  when  too  much  flesh  is  given  along  with 
these  substances,  the  weight  of  the  body  increases  more  with  them  than  without 
them.  Under  these  circumstances,  the  animal's  body  puts  on  more  fat  than  flesh. 
The  consumption  of  0  in  the  body  is  regulated  by  the  mixture  of  flesh  and  non- 
nitrogenous  substances,  rising  and  falling  with  the  amount  of  flesh  consumed.  It 
is  remarkable  that  more  0  is  consumed  when  a  given  amount  of  flesh  is  taken,  than 
when  the  same  amount  of  flesh  is  taken  with  the  addition  of  fat. 

It  seems  tliat,  instead  of  fat,  the  correspondiug  amount  of  fktty  acids  has  the  same  effect  on 
the  metabolism.  [If  a  dog  be  fed  with  fatty  acids  and  a  sufficient  amount  of  proteid,  no  fatty 
acids  are  found  in  the  chyle,  while  fat  is  formed  synthetically,  the  glycerin  for  the  latter  pro- 
bably being  produced  in  the  body  (§  192).]  They  are  absorbed  as  an  emulsion  just  like  the  fats. 
When  so  absorbed,  they  seem  to  be  reconverted  into  fats  in  their  passage  from  the  intestine  to 
the  thoracic  duct  perhaps  by  the  action  of  the  epithelium  of  the  villi.  [Glycerin  in  small 
doses  has  no  effect  on  tne  metabolism  of  proteid,  but  in  lar^e  doses  it  increases  it.  It  is  con- 
sumed  in  the  body,  as  shown  by  experiments  on  the  respiratory  products,  and  it  prevents 
a  certain  amount  of  fat  from  being  used  up.  About  20  per  cent,  is  excreted  in  the  urine 
(Amsckink),  The  administration  of  glycerin  to  rabbits  leads  to  accumulation  of  sugar  in  the 
liver  (p.  318),  but,  according  to  Ransom,  it  inhibits  the  formation  of  sugar  in  the  liver,  and 
thus  leads  to  the  accumulation  of  sugar  in  the  liver.  The  glycosuria  that  wllows  injuiy  to  the 
floor  of  the  fourth  ventricle  is  prevented  by  glycerin,  and  so  is  the  post-mortem  change  of 
glycogen  into  sugar.] 

241.  STETJCTUBE  OF  ADIPOSE  TISSUE  AND  0EI6IN  OF  FAT  IN  THE 
BODY. — [This  tissue  is  widely  distributed  in  the  body;  it  occurs  in  subcutaneous 
tissue  as  the  "panniculus  adiposus,"  around  many  organs,  such  as  the  kidney,  and 
especially  in  stall-fed  animals  around  the  pericardium,  in  the  omentum,  under  the 
epicardium,  in  the  yellow  marrow  of  bones,  orbital  cavities,  &c.  None  is  found 
within  the  cranium,  or  in  the  subcutaneous  tissue  of  the  eyelids. 

It  is  a  great  storehouse  of  reserve 
material,  and  its  bulk  fluctuates  greatly. 
It  is  readily  formed,  and  it  may  be  very 
quickly  absorbed  again  should  the  needs 
of  the  economy  require  it. 

Adipose  tissue,  when  examined  micro- 
scopically, consists  of  little  bladders  or 
vesicles  filled  with  fat.  The  vesicles  may 
be  spherical  or  polyhedral  from  mutual 
pre&sure.  Each  cell  is  40-70  ft  in  dia- 
meter and  consists  of  a  thin  transparent 
cell-wall  or  envelope,  enclosing  a  large 
globule  of  fat,  which  almost  completely 
fills  the  cell  (fig.  294).  At  the  side, 
between  the  cell-wall  and  the  oil-globule, 
lies  the  nucleus,  surrounded  by  a  small 
quantity  of  protoplasm.  From  the 
nucleus  occupying  this  eccentric  position, 
and  when  the  whole  cell  is  seen  from  the 
side,  it  presents  an  appearance  somewhat 
like  a  signet-ring.  A  thin  shell  of  protoplasm  extends  round  the  cell  between 
the  envelope  and  the  globule  of  oil.  A  fat-cell,  therefore,  may  be  regarded  as  an 
altered  connective-tissue  corpuscle,  which  has  become  vacuolated,  and  in  the  single 
large  vacuole  fat  is  formed.     The  fat-cells  are  arranged  in  lobules,  and  the  cells 
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Fig.  294. 
Fat-cells  from  rabbit   x  340. 
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rovented  by  tUe  fnf-sence  of  some  germkirie],  the  Ftriiiyntjition  doe^  iwt  orcyj .  The  alcoliolic 
eraiciitHtlfiiJ  is  due  to  the  vitiil  activity  ol'a  low  oir^anisnL 

In  the  prejMration  of  brandy,  tliL^  starch  of  the  grain  m  potatof;«  ih  fust  chniigHj  itilo  sugar 
by  the  action  of  dia3ta.st]!  or  niakiii,  Yt-ast  is  added,  and  fernientalion  tbpreby  prociured  ;  the 
mixture  k  distilled  at  78 "3'  C.  The  fusel  oil  iis  nrevcoted  fioin  mixing  with  the  uicohcd  l>y  pass- 
ing the  Vfipour  through  heated  ehart'odb     Hie  aistillate  contains  50  to  55  ptr  eeiit.  of  alcohoU 

In  the  preparation  of  wine,  the  saccharine  juice  of  the  gnij>e— the  miuit — aft*r  being  express<Hl 
from  the  grapes,  is  exposed  to  the  air  at  10"  to  15"  C,  and  the  yeast  cells,  wbidi  are  Hoating 
about,  drop  luto  it  and  excite  fermentation,  which  lasts  10  to  14  days,  when  the  yeaat  airiks  tu 
the  bottom.  The  clear  wine  is  drawn  i>li  intu  casks,  where  it  beeonu'a  turbid  by  undergoing  an 
after' fenueutation,  until  the  sugar  i«  converted  into  alcohol  ftiid  CO,,  which  in  uccomjiaiiiea  by 
the  deposition  of  atjine  yttist  aini  tartar.  If  all  the  sugar  is  not  decom posed ^which  occurs 
when  there  is  not  sutlicient  uitrogenouH  matter  [>resent  to  Tinnrish  the  yeast — a  siefeel  tcitie  is 
obtained.  Wine  contains  89  to  90  per  cent,  water,  7  to  8  jier  ceut.  alcohol,  consisting  of 
ethylie,  propylir,  and  butylie  aleohol.H.  The  red  colour  of  mmc  wines  is  due  to  the  colouring 
matter  of  the  skiu  of  the  grJipc^^,  liut  if  the  skins  b-e  removed  Wfore  fermeiitatiou,  red  grap«.'s 
yield  white  wiue.  When  wine  in  stoiwl,  it  develofks  a  ftne  flavour  or  boiniaet.  The  eharactei'^ 
istic  vinoini  udour  is  due  io  oenKnthlc  ether.  The  sttita  of  wine  closely  resemble  the  salts  of  the 
blood. 

In  the  prepaiifttion  of  beer  the  graiti  is  rnoiatened^  and  allowed  to  gomiinat^,  when  the 
t^sni [>erature  rises,  and  tlie  starch  (68  per  cent  iu  barley)  is  chttiiged  into  fcugar.  Thus  "malt" 
is  formed,  whith  is  diied,  and  afterwards  pulverised,  and  extracted  with  wnter  at  TO""  to  76*, 
the  watery  extract  being  the  **wort."  Hoj>s  are  added  to  woit,  aiul  the  whole  is  eva|»orated, 
when  the  proteids  are  congulated.  Hops  give  beer  its  bitter  taste,  and  n^ake  it  keep,  while  their 
tannic:  aci<l  precipitates  any  starch  that  may  be  present^  and  clarifies  the  wort.  After  bfiug 
boiled,  it  i*  caoled  rapidly  (12'  C.) ;  yeawt  is  added,  and  fermentation  goes  on  ra[iidly  and  witfi 
eoiiiiiderable  eirervcsceuce  at  10'  to  14'.  Beer  contains  75  to  95  per  tent  water;  ukobol,  2  to 
6  per  cent,  (porter  and  ale,  tu  8  per  cent.) ;  CO^,  01  to  0  8  per  cent.  ;  sugar,  2  to  8  per  cent,  ; 
gum,  dextrin,  2  to  10  per  cent*  ;  the  hops  yiehl  traces  of  protein,  fat,  lavtic  acid,  ammonia 
comrKyuada,  the  salts  of  the  grain  and  of  the  hopH,  In  the  ftsh  there  is  a  gi'eat  prepondcraitee 
of  phosphoric  at^id  and  {>otaah,  buth  of  which  are  of  great  importance  for  the  formation  of  blood* 
In  100  i»artR  of  a-sh  there  are  40 "S  potash,  20 '0  pliosphoruH,  inagntsiiini  phosphate  20,  calcium 
phoBphate  2*0,  silica  16*6  per  cent  The  fonuation  of  blood,  muscle,  anil  other  tissues  fjoni 
the  consumption  of  beer  is  due  to  the  phusplioric  acid  and  potash,  while  if  too  much  be  takcu, 
the  jM^taNh  prod  lie es  fatigue. 

Condiments  an*  tak(>ji  with  food,  ]iartly  im  mrouivt  of  tlieir  tji^tf,  and  i>artly 
iMJCiiuse  tlu'v  excite*  sct^ndirm.  Coumiou  .^alt,  in  ji  cert^dn  ,^'nse,  h  a  contliiufut. 
We  luiiy  also  iiielude  us  such  mutiy  stibstunce-s  of  nukiiown  eonstittitiou  which  act 
upon  the  gtistati>rT  orgauH,  ejj.^  dextrin,  utn!  sulKntunces  in  the  cvust  of  hread  and 
in  iin-at  wlrirh  haw  Ix'en  lost^ti'd. 

23a  EQUILIBRIUM  OF  THE  METABOLISM. ^ity  this  teiin  i*  meant 
thati  uiukT  norni.ll  physiological  conditions,  jni^t  a.s  nincli  nuiterial  in  al>8orl>ed  and 
assimilated  from  the  fo<xl  a.s  m  rt^nioved  from  the  hixlj  by  the  excretory  organs  in 
tht;  form  of  efl'ete  or  entl-jirodiiet^,  the  result  of  the  retrogressive  tissne-chajige*. 
The  income  mnst  always  balance  the  expenditure;  wherever  a  tissue  is  tise<l  nji,  it 
must  ho  i\' placed  hy  the  formation  of  new  tissue.  During  the  peri  oil  i>f  growth, 
the  increase  of  the  l>ody  corre.siHjn<l8  to  an  inereaHed  fornmtiv  e  attivity  whereby  the 
metalxjlism  of  the  gitjwiiig  juirts  of  the  l><4y  i^  2*5  to  OH  times  f^rcatii-r  thaii  Umt 
of  the  part*^  already  formed.  CruiverstdVj  during  senile  decay,  there  is  an  excess 
of  exi^enditure  from  the  body. 

MethodB,— The  normal  erpnlibrimii  of  the  metaholism  of  tlie  Iwdy  m  investigated — (I)  liy 
ileterminiug  chemically  that  the  sum  of  all  the  substances  iwis^siug  into  the  body  i»  eipial  to  the 
sum  of  all  the  swbstances  given  off  from  it  Thus  the  C,  J*,  H,  O,  salts  and  water  of  the  foul, 
and  tiu^  0  in&i^ired,  miUit  be  equal  to  the  C,  N,  H,  O,  sal U  and  water  given  olf  in  the  exertota 
(uriiic,  (item,  air  expired,  water  excreto4).  (2)  The  phjTEiologlcal  equilibrium  is  determined 
empirically  by  observing  that  the  body  retains  its  uormul  weight  with  a  giv*^n  diet  ;  so  tliat, 
by  aimply  weighing  a  irerson,  a  pbysiiian  is  euaWed  to  determine  exactly  the  stat^  of  cou* 
valescetico  of  bis  patient.  The  tedious  ]>rocesH  of  making  an  elementary  uulysifl  of  th*' 
metaholic  subatauces  was  Hrst  undertjiken  in  the  Alunich  School  by  \\  BijA-hotr  v,  Voit^  v, 
IVtteukofer,  ami  others. 

Oirculaticin  of  C. — In  the  ciiculatiijn  of  materials  the  t*jtal  amount  of  C  t^ikea  in 
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the  food,  if  the  metabolism  be  in  a  condition  of  physiological  equilibrium,  must  be 
equalled  by  the  C  in  the  COg  given  off  by  the  lungs  and  skin  (90  per  cent), 
together  with  the  relatively  small  amount  of  C  in  the  organic  excreta  of  the  urine 
and  fsBces  (10  per  cent). 

Circulation  of  N. — Nearly  all  the  N  taken  in  with  the  food  is  excreted  within 
twenty-four  hours  in  the  form  of  urea.  A  very  small  amount  of  nitrogenous  matter 
is  excreted  in  the  faeces,  while  the  other  nitrogenous  urinary  constituents  (uric  acid, 
kreatinin,  <fec.)  represent  about  2  per  cent,  of  N.  A  trace  of  the  N  is  given  off  by 
the  breath  (§  124),  and  a  minute  proportion  in  combination,  in  the  epidermal  scales 
(50  milligrams  daily  in  the  hair  and  nails),  and  in  the  sweat. 

Defidt  of  N. — That  nearly  all  the  N  taken  in  the  food  reappears  in  the  urine  and 
fsBces,  as  was  stated  by  v.  Voit  to  be  the  case  in  the  carnivora  and  in  the  herbivora, 
and  by  v.  Ranke  in  man,  is  contradicted  partly  by  old  and  partly  by  new  observa- 
tions, which  go  to  show  that  the  whole  of  the  X  cannot  be  i*ecovered  irom  these 
excretions,  but  that  on  the  contrary  there  is  a  deficit. 

According  to  Leo,  only  0*55  per  cent,  of  the  albumin  transformed  within  the  body  (assuming 
15  per  cent.  N  in  albumin)  gives  off  its  N  in  the  form  of  gaseous  N  (according  to  Seegen  and 
Nowak  12  times  more).  In  every  exact  analysis  of  the  metabolism  of  N  this  gaseous  excretion 
of  N  must  be  taken  into  account. 

The  excretion  of  N  after  food  does  not  take  place  regularly  from  hour  to  hour,  but  it  increases 
at  onco  and  distinctly,  reaches  its  maximum  in  five  to  six  hours,  and  then  jri'&dually  falls.  The 
same  is  true  of  the  excretion  of  8  and  P  ;  but  in  these  cases  the  maximum  of  excretion  is  reached 
at  the  fourth  hour.  When  fat  is  added  to  a  diet  of  flesh,  the  exccetion  of  N  and  S  is  uniformly 
distributed  over  the  individual  hours  of  the  day  {v.  Voit  a)id  Feder), 

The  nitrogenous  constituents  in  the  body  during  metabolism  become  poorer  in  C,  and  richer 
in  N  and  O.  Thus  in  albomin  to  1  atom  of  N  there  are  4  atoms  C  ;  in  gelatin,  3}  C ;  in 
glycocoll,  2  C  ;  in  kreatin,  IJ  C  ;  in  uric  acid,  1^  C  ;  in  allantoin,  1  C  ;  in  urea,  only  }  atom 
of  C.  (p.  419). 

Circulation  of  H  and  0  and  Salts. — The  H  leaves  the  body  chiefly  in  the  form 
of  water — a  part,  however,  is  in  combination  in  other  excreta ;  the  0  is  chiefly 
excreted  as  COg  and  water ;  a  little  is  given  off  in  combination  in  other  excreta ; 
water  is  given  off  by  evaporation  from  the  lungs  and  skin,  and  also  in  the  urine 
and  faeces.  As  H  is  oxidised  to  H2O,  moi-e  water  is  excreted  than  is  taken  in. 
Most  of  the  readily  soluble  salts  are  given  off  by  the  urine  ;  tlie  less  soluble  salts, 
especially  those  of  potash,  and  the  insoluble  salts,  in  the  ffeccs  ;  while  others  are 
given  ofif  in  the  sweat.  Of  the  sulphur  of  albumin,  about  one-half  is  excreted  in 
the  sulphur  compounds  in  the  urine,  and  the  other  half  in  the  faeces  (taurin)  and 
in  the  epidermal  tissues. 

Every  organism  has  a  minimum  and  a  maximum  limit  of  metabolism,  according 
to  the  amount  of  work  done  by  the  body  and  its  weight.  If  less  food  be  given 
than  is  necessary  to  maintain  the  former,  the  body  loses  weight ;  while,  if  more 
be  given  after  the  maximum  limit  is  reached,  the  food  so  given  is  not  absorbed,  but 
remains  as  a  floating  balance,  and  is  given  off  with  the  faeces.  When  food  is 
liberally  supi)lied,  and  the  weight  increases,  of  course  the  minimum  limit  rises  ; 
hence,  during  the  process  of  "  feeding  "  or  "  fattening  "  the  amount  of  food  necessary 
is  very  much  greater  than  in  poorly  fed  animals,  for  the  same  increase  of  the  body- 
weight.  By  continuing  the  i)rocess  a  condition  is  at  last  reached  in  which  the 
digestive  organs  are  just  sufficient  to  maintain  the  existing  condition,  but  cannot 
act  so  as  to  admit  of  new  additions  being  made  to  the  body- weight  {v.  Bischoff,  v. 
Voit,  V.  Pdtenkofer). 

By  the  term  "  luxus  consumption"  is  meant  the  direct  combustion  or  oxidation 
of  the  superfluous  food-stuffs  absorbed  by  the  blootl  This,  however,  does  not  exist. 
On  the  contrary,  the  material  in  the  juices  is  always  being  used  for  building  up 
the  tissues.  The  albumin  found  in  the  fluids,  which  everywhere  permeate  the 
tissues,  has  been  called  "  circulating  albumin,"  and  according  to  v.  Voit  it  under- 
goes decomposition  sooner  than  the  organised  or  **  organic  albumin"  which  forms 
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242.  OOSPULENGE.— The  addition  of  too  much  fat  to  the  body  is  a  pathological  i»heno- 
menon  which  is  attended  with  disagreeable  consequences.  With  regard  to  the  causes  of  obeaity, 
without  doubt  there  is  an  inherited  tendency  (in  33  to  56  per  cent,  of  the  cases)  in  many 
families— and  in  some  breeds  of  cattle, — to  lay  up  fat  in  the  body,  while  other  familiea  may  be 
richly  supplied  with  fat,  and  yet  remain  lean.  The  chief  cause,  liowever,  is  taking  too  much 
food,  i.e.,  more  than  the  amount  required  for  the  normal  metabolism  ;  corpulent  people,  in 
order  to  maintain  their  bodies,  must  eat  absolutely  and  relatively  more  than  peraons  of  spare 
habit,  under  analogous  conditions  of  nutrition  (§  236). 

Conditions  fayouring  Corpolence. — (1)  A  diet  rich  in  proteids,  with  a  corresponding  addition 
of  fat  or  carbohydrates.  As  flesh  or  muscle  is  formed  from  proteids,  and  part  of  the  fat  of  the 
body  is  also  fornied  from  albumin,  the  assumption  that  fats  and  carbohydrates  fatten,  or,  when 
taken  alone,  act  as  fattening  agents,  is  completely  without  foundation.  (2)  Diminished  disin- 
tegration of  materials  within  the  body,  e.g.y  (a)  diminished  mnscular  activity  (much  sleep  and 
little  exercise)  ;  {b)  abrogation  of  the  sexual  functions  (as  is  shown  by  the  rapid  fattening  of 
castrated  animals,  as  well  as  by  the  fact  that  some  women,  after  cessation  of  the  menses,  readily 
become  corpulent)  ;  (c)  diminished Diental  activity  {the  obesity  of  dementia),  phlegmatic  tempera- 
ment. On  the  contrary,  vigorous  mental  work,  excitable  temperament,  care  and  sorrow, 
counteract  the  deposition  of  fat ;  (rf)  diminished  extent  of  the  respiratory  activity^  as  occurs  when 
there  is  a  great  deposition  or  fat  in  the  abdomen,  limiting  the  action  of  the  diaphragm  (breath- 
lessness  of  corpulent  people),  whereby  the  combustion  of  the  fatty  matters  which  become 
deposited  in  the  body,  is  limited  ;  {e)  a  corpulent  person  requires  to  use  relatively  less  heat- 
giving  substancM  in  his  body,  partly  because  lie  gives  off  relatively  less  heat  from  his  compact 
body  than  is  done  by  a  slender  long-bodied  individual,  and  partly  because  the  thick  layer  of 
fat  retards  the  conduction  of  heat  (§  214,  4).  Thus,  conesponding  to  the  i*elatively  diminished 
production  of  heat,  more  fat  may  be  stored  up ;  (/)  a  diminiUion  of  the  red  blood-corpusdes^ 
which  are  the  gieat  exciters  of  oxidation  in  the  body,  is  generally  followed  by  an  increase  of 
fat — fat  people,  as  a  rule,  are  fat  because  they  have  relatively  less  blood  (§  41) — women  witli 
fewer  red  blood-corpuscles  are  usually  fatter  than  men  ;  {g)  the  consumption  of  alcohol  favours 
the  conservation  of  fat  in  the  body,  the  alcohol  is  easily  oxidised,  and  thus  prevents  the  fat 
from  being  burned  up  (§  235). 

Disadyantages  of  corpulence. — Besides  the  inconvenience  of  the  gi*eat  size  and  weight  of  the 
body,  corpulent  people  suffer  from  breathlessness — they  are  easily  fatigued,  are  liable  to  inter- 
trigo between  the  folds  of  the  skin,  the  heart  becomes  loaded  with  fat,  and  they  not  unfre- 
quently  are  subject  to  apoplexy. 

In  order  to  counteract  corpulence  we  ought  to— (1)  Reduce  uniformly  all  articles  of  diet. 
The  diet  and  body  ought  to  be  weighed  from  week  to  week,  and  as  long  as  there  is  no  diminu- 
tion in  the  body-weight  the  amount  of  food  ought  to  be  gradually  and  uniformly  reduced  (not- 
withstanding the  appetite).  This  must  be  done  veiy  giadually  and  not  suddenly.  A  moderate 
reduction  of  fat  and  carbohydrates  in  a  normal  diet  at  the  same  time  leads  to  a  diminution  of 
the  fat  of  the  body  itself  I^t  a  person  who  is  capable  of  muscular  exertion  take  156  grms. 
proteid,  43  grms.  fat,  and  114  gi-ms.  carbohydrates  ;  but  those  in  whom  congestions,  hydrsemia, 
oreathlessness  have  taken  i)lace,  should  take  170  gi  ms.  proteid,  25  grms.  fat,  and  70  grms.  carbo- 
hydrates iOertcl).  It  is  not  advisable  to  limit  the  amount  of  fat  and  carbohydrates  alone,  as  is 
done  in  the  Banting-cure  or  Bantingisin.  Apart  altogether  from  the  fact  that  fat  is  formed 
from  i)roteids,  if  too  little  non-nitrogenous  food  be  taken,  severe  disturbance  of  the  bodily 
metabolism  is  apt  to  occur.  (2)  It  is  advisable  during  the  chief  meal  to  limit  the  consumption 
of  fluids  of  all  sorts  (even  until  three-quarters  of  an  hour  thereafter),  and  thus  render  the  ab- 
soi7)tion  and  digo^stive  activity  of  the  intestine  less  active  (Oertel),  (3)  The  muscular  aetivity 
ought  to  be  greatly  developed  by  doing  plenty  of  muscular  work,  or  taking  plenty  of  exercise, 
both  physical  and  mental.  (4)  Favour  the  evolution  of  heat  by  taking  cold  hatlis  of  consider- 
able duration,  and  afterwards  rubbing  the  skin  strongly  so  as  to  cause  it  to  become  red  ;  further, 
dress  lightly,  and  at  night  use  light  bed-clothing  ;  tea  and  coffee  are  useful,  as  they  excite  the 
circulation.  (5)  Use  gentle  laxatives :  acid  fi-uits,  cider ;  alkaline  carbonates  (of  Marienbad, 
Carlsbad,  Vichy,  Neucnahr,  Ems,  &c.)  act  by  increasing  the  intestinal  evacuations  and  dimin- 
ishing absorption.  (6)  If  from  accumulation  of  fat  there  is  danger  of  failure  of  the  heart h 
action,  Oertcl  recommends  hill-climbing,  whereby  the  cardiac  muscle  is  exercised  and  strength- 
ened.    At  the  same  time  the  circulation  becomes  more  lively  and  the  metabolism  is  increasecL 

[Oertel's  Method  goes  on  the  idea  of  strengthening  the  cardiac  musculature,  which  is  sought 
to  be  accomplished  by  (1)  limiting  the  amount  of  flui«ls  consumed,  and  (2)  carefully  regulated 
muscular  exertion.  The  amount  of  food  is  fii-st  reduced  one-half,  and  the  water  to  a  stiU  lower 
amount,  while  the  nitrogenous  elements  in  food  are  increased,  the  non- nitrogenous  are  decreased. 
The  person  is  then  instructed  to  take  exercise  un«ler  certain  medical  precautions,  fii-st,  on  level 
gi'ound,  and  then  on  gradually  increasing  gi'adients.] 

Fatty  Degeneration. — The  process  of  fattening  consists  in  the  deposition  of  drops  of  fat 
within  the  fat-cells  of  the  panniculus  and  around  the  viscera,  as  well  as  in  the  marrow  of  bone 
(but  they  are  never  deposited  in  the  subcutaneous  tissue  of  the  eyelids,  of  the  penis,  of  the  red 
IMirt  of  the  lijis,  in  the  eara  and  nose).     This  is  quite  difl'erent  from  the  fatty  atrophy  or  fatty. 
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degeneration  which  occurs  in  the  fonn  of  fatty  globules  or  granules  in  albuminous  tissues,  e,g,, 
in  muscular  fibres  (h^rt),  gland-cells  (liver,  kidney),  cartilage-cells,  lymph-  and  pus-corpuscles, 
as  well  as  in  nerve-fibres  separated  from  their  nerve-centres.  The  fat  in  these  cases  is  derived 
from  albumin,  much  in  the  same  way  as  fat  is  formed  in  the  gland-cells  of  the  mammary  and 
sebaceous  glands.  Marked  fatty  degeneration  not  unfrequentTy  occurs  after  severe  fevers,  and 
after  artificial  heating  of  the  tissues  ;  when  a  too  small  amount  of  0  is  su{)p1ied  to  the  tissues, 
as  occurs  in  cases  of  phosphorus  poisoning  (Bauer) ;  in  drunkards  ;  after  poisoning  with  arsenic 
and  other  substances,  and  after  some  disturbances  of  the  circulation  and  innervation.  Some 
organs  are  esi)ecially  prone  to  undergo  fatty  degeneration  duiing  the  course  of  certain  diseases. 

243.  METABOLISM  OF  THE  TISSUES.— Tlie  bloodstream  is  tho  chief 
medium  whereby  new  material  is  supplied  to  the  tissues  and  the  eflfete  products  re- 
moved from  them.  The  lymph  which  passes  through  the  thin  capillaries  comes 
into  actual  contact  with  the  tissue  elements.  Those  tissues  which  are  devoid  of 
blood-vessels  in  their  own  substance,  such  as  the  cornea  and  cartilage,  receive 
nutrient  fluid  or  lymph  from  the  adjacent  capillaries,  by  means  of  their  cellular 
elements,  wliich  act  as  juice-conducting  media.  Hence,  when  the  normal  circulation 
is  inU»rfered  with,  by  atheroma  or  calcification  of  the  walls  of  the  blood-vessels, 
these  tissues  are  secondarily  affected  [this,  for  example,  is  the  case  in  arcus  senilis 
of  the  cornea,  due  to  a  fatty  degeneration  of  tho  corneal  tissue,  owing  to  some  afl*ec- 
tion  of  the  blood-vessels  on  which  the  cornea  depends  for  its  nutrition].  Total  com- 
pression or  ligature  of  all  the  blood-vessels  results  in  necrosis  of  the  parts  supplied 
by  the  ligatured  blood-vessels. 

Atrophies  caused  by  diminution  of  the  normal  supply  of  bloo<l,  gradually,  in  the  course  of  time 
become  less  and  less  {Samuel), 

Hence  there  must  be  a  double  cutrent  of  the  tissue  juices;  the  afferent  or 
supply  cmrent,  which  suppliers  the  new  material,  and  the  efferent  stream  which 
removes  the  effete  products.  The  former  brings  fo  the  tissues  the  proteids,  fats, 
carbohydrates,  and  salts  from  which  the  tissues  are  formed.  It  is  evident  that  any 
interruption  of  the  arterial  supply  to  the  tissues  will  diminish  this  supply. 

That  such  a  cun*ent  exists  is  proved  by  injecting  an  indifferent,  easily  recognisable  substance 
into  the  blood,  «.^.,  potassium  ferrocyanidc,  when  its  presence  may  be  detected  in  the  tissues, 
to  which  it  has  been  carried  by  the  outgoing  current. 

The  efferent  stream  carries  away  the  decomposition  imxlucts  from  the  various 
tissues,  more  especially  urea,  COg,  H^O,  and  salts,  and  these  are  transferred  as 
quickly  as  i)ossible  to  the  orgjuis  through  which  they  are  excreted 

That  such  a  current  exists  is  proved  by  injecting  such  a  substance  as  i)otassiuin  ferrocyanidc 
into  the  tissues,  c.g.^  subcutaueously,  when  its  presence  may  be  detected  in  the  urine  within 
two  to  five  minutes. 

If  the  current  from  the  tissues  to  the  blood  is  so  active  that  the  excretory  organs 
cannot  eliminate  all  the  effete  proilucts  from  the  blootl,  then  these  products  are 
found  in  the  tissues.  When  certiiin  i)oi8ons  are  injected  sulxjutancously,  they  pass 
rapidly  into  the  blood  and  are  carried  in  great  ^juantity  to  other  tissues,  e.g,^  to  the 
nervous  system,  on  wliich  they  act  with  fatal  effect,  before  they  are  eliminated  to 
iiny  great  extent  from  the  blooil  by  the  action  of  the  excretory  organs.  The  effete 
materials  are  carried  away  from  the  tissues  by  two  channels,  viz.,  by  the  veins  and 
by  the  lymphatics,  so  that  if  the.se  be  interfered  with,  the  metabolism  of  the  tissues 
must  also  suffer.  When  a  limb  is  ligatured  so  as  to  compress  the  veins  and  the 
lymphatics,  the  efferent  stream  stagnates  to  such  an  extent  that  considerable  swell- 
ing of  the  tissues  or  oedema  may  occur  (§  203).  The  action  of  the  muscles  and 
fasciae  are  very  important  in  removing  these  effete  matters. 

H.  Nasse  found  that  the  blood  of  the  jugular  vein  is  0*225  per  1000  specifically  heavier  than 
the  blood  of  the  carotid,  and  contains  0*9  part  per  1000  more  solids  ;  1000  cubic  centimetres 
of  blood  circulating  through  the  head  yield  aljout  6  cubic  centimetres  of  transudation  into  the 
tissues. 
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Tlic  extent  and  intensity  of  the  metabolism  of  the  tissues  depend  upon  a 

variety  of  facti^rs. 

1.  Their  activity. — The  incrciised  activity  of  an  organ  is  indicated  by  the 
increased  amount  of  blood  going  to  it,  and  l)y  the  more  active  circulation  tlirough 
it  (§  100).  When  an  organ  is  comi)letely  inactive,  such  as  a  paralysed  muscle,  or  the 
l)erij)heral  end  of  a  divided  nerve,  the  amount  of  bloml  and  the  nutritive  exchange 
of  fluids  diminish  within  these  parts.  The  parts  thus  thrown  out  of  activity  be- 
come pale,  relaxed,  and  ultimately  undergo  fatty  degeneration.  The  increased 
metabolism  of  an  organ  during  its  activity  has  been  proved  exj>erimentally  in  the 
case  of  muscle,  and  (S  294)  also  in  the  brain  (Speck).  Langley  and  Sewell  have 
recently  observed  directly  the  metabolic  changes  within  suflficiently  thin  lobules  of 
glands  during  life.  Tlie  cells  of  serous  glands  (§  143),  and  those  of  mucous  and 
pepsin-forming  glands  (§  164),  during  (piiescence,  become  filled  with  coarse  granules, 
which  are  dark  in  transmitted  light  and  white  in  reflected  light,  which  granidea  are 
consumed  or  disappear  during  granular  activity.  During  sleep,  when  most  organs 
are  at  rest,  thc^  metabolism  is  limited ;  darkness  also  diminishes  it ;  while  light 
excites  it,  ol)viously  owing  to  nervous  influences.  The  variations  in  the  total  meta- 
bolism of  the  body  an;  reflected  in  the  excretion  of  CO.^  (§  126,  9)  and  urea  (§  257), 
M'hich  may  be  expressed  graphically  in  the  fonu  of  a  curve  corresponding  with  the 
activity  of  the  organism  ;  this  curve  corresiK)nds  very  closely  with  the  daily  varia- 
tions in  the  respirations,  pulse,  and  temperature  (>5  213,  4). 

2.  The  composition  of  the  blood  has  a  marked  efifect  uiK>n  the  current  on  which 
the  metidx)lism  of  the  tissues  depends.  Very  concentrated  blood,  which  contains 
a  small  amount  of  water,  as  after  i)rofuse  sweating,  severe  diarrhoea,  cholera,  niak(*s 
the  tissues  dry,  while  if  much  water  be  absorbed  into  the  blood,  the  tissues  l^ecome 
more  suc(tulent  and  even  a'dema  may  occur.  "\Vh(;n  much  common  salt*  is  present 
in  the  blood,  and  when  the  rcnl  blood-corpuscles  contain  a  diminished  amount  of  O, 
and  esi)ecially  if  the  latter  condition  be  accomi)anied  by  muscular  exertion  causing 
dyspnoea,  a  large  amount  of  albumin  is  decomposed,  and  there  is  a  great  formation 
of  urea.  Hence,  exposure  to  a  rarefied  atmovSphere  is  accomptmied  by  increaseil 
excretion  of  urea.  Certiiin  abn(>rmal  conditions  of  the  blood  produce  remarkable 
results;  blood  charged  with  carhonic  ojcido  cannot  absorb  O  from  the  air,  and  does 
not  remove  C(.)2  from  the  tissues  (§  16).  The  presence  of  h fidrocyanic  acid  in  the 
blood  (>5  16)  is  siiid  to  interrupt  at  on<!e  the  chemical  oxidation  processes  in  the 
blood,  so  that  rapid  asphyxia,  owing  to  cessation  of  the  internal  respiration,  occurs. 
Fermentiition  is  interiu[>UMl  ])y  th(i  Siime  substiinc(»  in  a  similar  way.  A  diminvfion 
of  iho  total  amffHut  of  the  l)lood  causes  more  fluid  to  pass  fnmi  the  tissues  into  the 
blood,  but  the  abst>rpti(in  of  substiinces — such  as  poisons  or  i>athologiail  effusions — 
from  tlie  tissues  or  intestines  is  delayed.  If  the  sul)stances  which  jwiss  from  the 
tissues  into  the  l)loo(l  ]>e  rapidly  eliminated  from  it^  absorpti<m  takei*  place  more 
itvpidly. 

3.  The  blood-pressure,  when  it  is  greatly  increased,  causes  the  tissues  to  coiiUiiu 
nunv  fluid,  while  tli<*  blood  itself  becomes  more  concentrated,  to  the  extent  of  3  to 
5  per  1000.  We  may  convince  oui-selves  that  ])lo<Ml-plasma  easily  piisses  through 
th(?  capillary  wall,  l)y  pressing  U[)on  the  eflerent  vessel  coming  from  the  choriuni 
deprived  of  its  ei)id('rniis,  e.t/.j  by  a  burn  or  a  blister,  when  the  surface  of  the 
woinid  becomes  i-apidly  suflfused  with  ])lasma.  Diminution  of  the  blood-pr<»88ure 
produces  the  opposite  lesidt.  The  oxidation  ])roc('Sses  in  the  body  are  dimiiiishe<l 
after  the  use  of  P,  Cu,  ether,  chloroform,  and  chl<»ral. 

4.  Increased  temperature  of  the  tissues  (several  hours  daily)  does  not  increase* 
the  breaking  up  of  albumin  and  fats.     (See  g^  220,  221,  225.) 

r>.  The  influence  of  the  nervous  system  on  the  metid)olism  is  twofoUl.  On  tlie 
one  hand,  it  acts  indirectly  through  its  efl'ect  ui)on  the  blooil-vessels,  by  causing 
them  to  contract  or  ililate  through  the  agency  of  vaso-motor  nerves,  whereby  it 
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influences  the  amount  of  blood  supplied,  and  also  affects  the  blood-pressure.  But 
quite  independently  of  the  blood-vessels,  it  is  probable  that  certain  special  nerves — 
the  so-called  trophic  nerves — influence  the  metabolism  or  nutrition  of  the  tissues 
(§  342,  c).  That  nerves  do  influence  directly  the  transformation  of  matter  within 
the  tissues  is  shown  by  the  secretion  of  saliva  resulting  from  the  stimulation  of 
certain  nerves,  after  cessation  of  the  circulation  (§  145),  and  by  the  metabolism 
during  the  contraction  of  bloodless  muscles.  Increased  respiration  and  apnoea  are 
not  followed  by  increased  oxidation  (Pfliiger)  (§  126,  8). 

[Gaskell  has  raised  the  question  as  to  the  existence  of  katabolic  and  anabolic  nerves  con- 
trolling respectively  the  analytic  and  synthetic  metabolism  of  the  tissues.] 

244.  REGENERATION  OF  TISSUES  AND  ORGANS.— The  extent  to  which  lost  parts  are  re- 
placed varies  greatly  in  different  organs.  Amongst  the  lower  animals,  the  parts  of  organs  are  re- 
placed to  a  far  greater  extent  than  amongst  warm-blooded  animals.  When  a  hydra  is  divided  into 
two  parts,  eacli  part  forms  a  new  individual — nay,  if  the  body  of  the  animal  be  divided  into 
several  parts  in  a  particular  way,  then  each  part  gives  rise  to  a  new  individual  {Spallamani). 
The  Planariaus  also  show  a  great  capability  of  reproducing  lost  })arts  {Duget),  Spiders  and 
crabs  can  reproduce  lost  feelers,  limbs,  and  claws  ;  snails,  part  of  .the  head,  feelers,  and  eyes, 
provided  the  central  nervous  system  is  not  injured.  Many  fishes  reproduce  fins,  even  the  tail  fin. 
Salamanders  and  lizards  can  produce  an  entire  tail,  including  bones,  muscles,  and  even  the 
posterior  part  of  the  spinal  cord ;  while  the  triton  reproduces  an  amputated  limb,  the  lower  jaw, 
and  the  eye.  This  reproduction  necessitates  that  a  small  stump  be  left,  while  total  extirpation 
of  the  parts  pi"events  reproiiuction. 

In  amphibians  and  reptiles  the  regeneration  of  organs  and  tissues,  as  a  whole, 
takes  place  after  the  type  of  the  embryonic  development,  and  the  same  is  true  as 
regards  the  histological  processes  which  occur  in  the  regenerated  tail  and  other 
parts  of  the  body  of  the  e^rth-worm.  In  amphibians  and  reptiles  the  same  kind 
of  tissue  is  formed  as  the  tissue  which  has  been  injured.  The  spinal  cord  is 
regenerated  from  the  epithelium  of  the  spinal  canal.  The  leucocytes,  in  the  process 
of  new  formation,  are  merely  concerned  in  the  nutrition  of  the  part**,  and  do  not 
enter  into  their  construction  (Fraisse).  [One  of  the  most  remarkable  cases  is  the 
regeneration  of  the  retina  in  tritons  after  section  of  the  optic  nerve  (Griffini),] 

The  extent  to  which  regeneration  can  tiike  place  in  mammals  and  in  man  is  very 
slight,  and  even  in  these  cases  it  is  more  marked  in  young  individuals.  A  true 
regeneration  occurs  in — 

1.  The  blood,  including  the  phisma,  the  colourless  and  coloured  corpuscles 
(§7  and  §41). 

2.  The  epidermal  appendages  (§  283)  and  the  epithelium  of  the  mucous  mem- 
branes are  reproduced  by  a  proliferation  of  the  cells  of  the  deeper  layers  of  the 
epithelium,  with  simultaneous  division  of  their  nuclei.  Epithelial  cells  are  repro- 
duced as  long  as  the  matrix  on  which  they  rest  and  the  lowest  layer  of  cells  are 
intact.  When  these  are  destroyed  cell-regeneration  from  below  ceases,  and  the  cells 
at  the  margins  are  concerned  in  filling  up  the  deficiency.  Regeneration,  therefore, 
either  takes  place  from  below  or  from  the  margins  of  the  woimd  in  the  epithelial 
covering ;  leucocytes  also  wander  into  the  ^mrt,  while  the  deepest  layer  of  cells 
forms  large  multi-nucleated  cells,  which  reproduce  by  division  polygonal  flat 
nucleated  cells.  [In  the  process  of  division  of  the  cells,  the  nucleus  plays  an 
important  part,  and  in  so  doing  it  shows  the  usual  mitotic  figures  (§  431 ).]  The  nails 
grow  from  the  root  forwards  ;  those  of  the  fingers  in  four  to  five  months,  and  that  of 
the  great  toe  in  about  twelve  months,  although  growth  is  slower  in  the  (iase  of 
fracture  of  the  bones.  The  matrix  is  ca<?xtensive  with  the  lunide,  and  if  it  be 
destroyed  the  nail  is  not  reproduced  (§  284).  The  eyelashes  are  changed  in  100 
to  150  days,  the  other  hairs  of  the  body  somewhat  more  slowly.  If  the  papilla 
of  the  hair-follicle  be  destroyed,  the  hair  is  not  reproduced.  Cutting  the  hair 
favours  its  growth,  but  hair  which  has  been  cut  does  not  grow  longer  than  uncut 
hair.     After  hair  has  grown  to  a  certain  length,  it  falls  out.     The  hair  never  grows 
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at  its  apex<  The  epithelial  oeUs  of  mucous  membranes  and  secretory  glands  seem 
to  undergo  a  regular  series  of  changes  and  renewal  The  presence  of  secretory  cells 
in  the  milk  (§231)  and  in  the  sebaceous  secretion  (§  285)  proves  this ;  the  sperma- 
tozoa are  replaced  by  the  action  of  spermatoblasts.  In  catairfaal  conditiou  of 
mucous  membranes,  there  is  a  great  increase  in  the  formation  and  excretion  of  new 
epithelium,  while  many  cells  are  but  indifferently  formed  and  constitute  mucous 
corpuscles.  The  crjrBtalliDe  lens,  which  is  just  modified  epithelium,  is  reorganised 
like  epiUielium;  its  matrix  is  the  anterior  wall  of  its  capsule,  with  the  sin^e 
layer  of  cells  covering  it.  If  the  lens  be  removed,  and  this  layer  of  cells  retained, 
these  cells  proliferate  and  elongate  to  form  lens  fibres,  so  that  the  whole  cavity  of 
the  empty  lens  capsule  is  refilled.  If  much  water  be  withdrawn  from  the  body, 
the  lens  fibres  become  turbid.  [A  turbid  or  opaque  condition  of  the  lens  may 
occur  in  diabetes,  or  after  the  transfusion  of  strong  common  salt  or  sugar  solution 
into  a  frog.] 

3.  The  luood-vesseLB  undergo  extensive  regeneration,  and  they  are  regenerated 
in  the  same  way  as  they  arc  formed  (§  7,  B).  Capillaries  are  always  the  first  stage, 
and  around  them  the  characteristic  coats  are  added  to  form  an  artery  or  a  vein. 
When  an  artery  is  injured  and  permanently  occluded,  as  a  general  rule  the  part  of 
the  vessel  up  to  the  nearest  collateral  branch  becomes  obliterated,  whereby  the 
derivatives  of  the  endothelial  lining,  the  connective-tissue  corpuscles  of  the  wall, 
and  the  leucocytes  change  into  spindle-shaped  cells,  and  form  a  kind  of  cicatricial 
tissue.  Blind  and  solid  outshoote  are  always  found  on  the  blood-vessels  of  young 
and  adult  animals,  and  are  a  sign  of  the  continual  degeneration  and  regeneration 
of  these  vessels.  Lymphatics  behave  in  the  same  way  as  blood-vessels ;  after 
removal  of  a  lymphatic  gland,  a  new  lymphatic  formation  may  be  produced 
(Bayei'Y 

4.  Tiie  contractile  subetance  of  muscle  may  undergo  regeneration  after  it  has 
become  partially  degenerated.  This  takes  place  after  amyloid  or  wax-like  degenera- 
tion, such  as  occurs  not  unfrequently  after  typhus  and  other  severe  fevers.  This 
is  chiefly  accomplished  by  an  increase  of  the  muscle  corpuscles.  After  being  com- 
pressed, the  muscular  nuclei  disappear,  and  at  the  same  time  the  contractile  contents 
degenerate.  After  several  days,  the  sarcolemma  contains  niunerous  nuclei  which 
reproduce  new  muscular  nuclei  and  the  contractile  substance.  In  fibres  injured  by 
a  subcutaneous  wound,  Neumann  found  that,  after  five  to  seven  days,  there  was  a 
bud-like  elongation  of  the  cut  ends  of  the  fibres,  at  first  without  trans\'erse  striation, 
but  with  striation  ultimately.  If  a  large  extent  of  a  muscle  he  removed,  it  is 
replaced  by  cicatricial  connective-tissue.  Non-striped  muscular  fibres  are  also 
reproiluceil ;  the  nuclei  of  the  injured  fibres  divide  after  Ijecoming  enlarged,  and 
exhibit  a  well-marked  intranuclear  plexus  of  fibrils.  The  nuclei  divide  into  two, 
and  from  each  of  these  a  new  fibre  is  formed,  probably  by  the  diflferentiation  of  the 
peri-nuclear  protoplasm. 

5.  After  a  nerve  is  divided,  the  two  ends  do  not  join  at  once  so  as  to  permit  the 
function  of  the  nerve  to  be  established.  On  the  contrary,  marked  changes  occur. 
If  a  piece  be  cut  out  of  a  nerve-trunk,  the  peripheral  end  of  the  divided  nerve 
degenerates,  the  axial  cylinders  and  the  white  substance  of  Schwann  disappear. 
The  interval  is  filled  up  at  first  with  juicy  cellular  tissue.  The  subsequent  changes 
are  fully  described  in  §  325,  4.  There  seems  to  be  in  peripheral  nerves  a  continual 
disappearance  of  fibres  by  fatty  degeneration,  accompanied  by  a  consecutive  forma- 
tion of  new  fibres  (Sujm,  Mayer).  The  regeneration  of  peripheral  ganglionic  cells 
is  unknowiL  V.  Voit,  however,  observed  that  a  pigeon,  [)art  of  whose  brain  was 
removed,  had  within  five  months  reproduced  a  nervous  mass  within  the  skull,  con- 
sisting of  medullated  nerve-fibres  and  nerve-cells.  Eichhorst  and  Naunyn  foimd  - 
that  in  young  dogs,  whose  spinal  cords  were  divided  between  the  dorsal  and  lumbar 
regions,  there  was  an  anatomical  and  physiological  regeneration,  to  such  an  extent 
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that  voluntary  movements  could  be  executed  (§  338,  3).  Vaukir,  in  the  case  of 
frogs,  and  Masius  in  dogs,  found  that  mobility  or  motion  was  first  restored,  and 
afterwards  sensibility.  Kegeneration  of  the  spinal  ganglia  did  not  occiu*.  The 
taste-bulbs  undergo  regeneration  after  they  have  undergone  degenerative  changes 
following  section  of  the  glosso-pharyngeal  nerve  (Gnffini),] 

6.  In  many  glands,  the  regeneration  of  their  cells  during  normal  activity  is 
very  active — sebaceous,  mucous,  Lieberktthnian,  uterine,  mammary  glands  during 
pregnancy — in  others  less.  If  a  large  portion  of  a  secretory  gland  be  removed,  as 
A  general  rule,  it  is  not  repro<luced.  A  gland,  if  injured,  and  if  suppuration  follows, 
is  not  regenerated.  But  the  bile-ducts  (§  173)  and  the  pancreatic  duct  may  be 
reproduced  (§171).  According  to  Phillippeaux  and  Griffini,  if  part  of  the  spleen 
be  removed  it  is  reproduced  (§  103).  Tizzoni  and  Collucci  observed  the  formation 
of  new  liver-cells  and  bile-ducts  after  injury  to  the  liver,  and  in  fact  enormous 
masses  of  liver  may  be  reproduced  (Griffini^  Ponjick)  (§  173),  and  Pisenti  makes 
the  same  statement  as  regards  the  kidney.  After  medbuEtnical ii\]ury  to  the  secre- 
tory cells  of  glands  (liver,  kidney,  salivary.  Meibomian),  neighbouring  cells  undergo 
proliferation,  and  aid  in  the  restoration  of  the  cells. 

7.  Amongst  connective-tissues,  cartilage,  provided  its  perichondrium  be  not 
injui'ed,  reproduces  itself  by  division  of  its  cartilage  cells;  but  usually  when  a  part 
of  a  cartilage  is  removed,  it  is  replaced  by  connective-tissue. 

8.  When  a  tendon  is  divided,  proliferation  of  the  tendon  cells  occurs,  and  the 
-cut  ends  are  united  by  connective-tissue. 

9.  The  reproduction  of  bone  takes  place  to  a  great  extent  under  certain  conditions. 
If  the  articular  end  be  removed  by  excision,  it  may  be  reproduced,  although  there 
is  a  considerable  degree  of  shortening.  Pieces  of  bone  which  have  been  broken  off 
or  sawn  off  heal  again,  and  become  united  with  the  original  bone.  A  tooth  may  be 
removed,  replanted  in  the  alveolus,  and  become  fixed  there.  If  a  piece  of  periosteum 
be  transplanted  to  another  region  of  the  body,  it  eventually  gives  rise  to  the  forma- 
tion of  new  bone  in  that  locality.  If  part  of  a  bone  be  removed,  provided  the 
periosteum  be  left,  new  bone  is  rapidly  reproduced;  hence,  the  surgeon  takes  great 
-care  to  preserve  the  periosteum  intact  in  all  operations  where  he  wishes  new  bone 
to  be  reproduced.  Even  the  marrow  of  l)one,  when  it  is  transplanted,  gives  rise 
to  the  formation  of  bone.  This  is  due  to  the  osteoblasts  adhering  to  the  osseous 
tissue. 

In  fracture  of  a  long  bone,  tlie  periosteuin  deposits  on  the  surface  of  the  cuds  of  the  broken 
bones  a  ring  of  substance  which  forms  a  temporary  support,  the  external  callus.  At  first  this 
callus  is  jelly-like,  soft,  and  contains  many  corpuscles,  but  afterwards  it  becomes  more  solid 
and  somewhat  like  cartilage.  A  similar  condition  occurs  within  the  bone,  where  an  internal 
caUns  is  formed.  The  formation  of  this  temporary  calluB  is  due  to  an  inflammatory  prolifera- 
tion of  the  connective-tissue  corpuscles,  and  partly  to  the  osteoblasts  of  the  periosteum  and 
marrow.  According  to  Rigal  and  Vignal,  the  internal  callus  is  always  osseous,  and  is  derived 
from  the  man-ow  of  the  bone.  The  outer  and  inner  callus  become  calcified  and  ultimately 
ossified,  whereby  the  broken  ends  are  reunited.  Towards  the  fortieth  day,  a  thin  layer  of  bone 
is  formed  (intermediary  callns)  between  the  ends  of  the  bone.  Where  this  begins  to  be 
definitely  ossified,  the  outer  and  inner  callus  begin  to  be  absorbed,  and  ultimately  the  inter- 
mediary callus  has  the  same  stinicture  as  the  rest  of  the  l)one. 

There  are  many  interesting  observations  connected  with  the  g^wth  and  metabolism  of  bonee. 
1.  The  addition  of  a  very  small  amount  of  phosphorus  or  arsenious  acid  to  the  food  causes  con- 
siderable thickening  of  the  bones.  This  seems  to  be  due  to  the  uon-absoriition  of  those  parts  of 
the  bones  which  are  usually  absorbed,  while  new  growth  is  continually  taking  place.  2.  When 
food  devoid  of  lime-aaUs  is  given  to  an  animal,  the  growth  of  the  bones  is  not  arrested,  but  the 
bones  become  thinner,  whereby  all  parts,  even  the  organic  basis  of  the  bone,  undergo  a  uniform 
diminution.  3.  Feeding  with  madder  makes  the  bones  red,  as  the  colouring  matter  is  deposited 
with  the  bone-salts  in  tlie  bone,  es})ecially  in  the  growing  and  last-formed  parts.  In  birds  the 
shell  of  the  egg  becomes  coloured.  4.  The  continued  use  of  lactic  acid  dissolves  the  bones. 
The  ash  of  bone  is  thereby  diminished.  If  lime-salts  be  withheld  at  the  same  time,  the  effect 
is  gi-eatly  increased,  so  that  the  bones  come  to  resemble  rachitic  bones.  (Development  bf  bone, 
1447.) 
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When  a  lost  tissue  is  not  replaced  by  the  same  kind  of  tissue,  its  place  is  always 
taken  by  cicatricial  connective-tisBue. 

When  this  is  the  case,  the  part  becomes  iuflamed  and  swollen,  owing  to  an  exudation  of 
plasma.  The  blood-vessels  become  dilated  and  congested,  and,  notwithstanding  the  slower 
circulation,  the  amount  of  blood  is  greater.  The  blood-vessels  are  increased,  owing  to  the 
formation  of  new  ones.  Colourless  blood -corpuscles  pass  out  of  the  vessels  and  reproduce  them- 
selves, and  many  of  them  undergo  fatty  degeneration,  whilst  others  take  up  nutriment  and 
become  converted  into  large  uniuuclcated  pro  topi  as  ma  cells,  from  which  giant  ceils  are  developed. 
The  newly  formed  blood-vessels  supply  all  these  elements  with  blood. 

245.  TRANSPLANTATION  OF  TISSUES.— The  nose,  ear,  and  even  a  finger, 
after   having   been  severed  from  the  body  by  a  clean  cut,  have,  under  certain  , 
circumstances,  become  imitcd  to  the  part  from  which  each  was  removed.     The 
skin  is  frequently  transplanted  by  surgeons,  as,  for  example,  to  form  a  new  nose. 
The  })iece  of  skin  is  cut  from  the  forehead  or  arm,  to  which  it  is  left  attached  by 

-a  bridge  of  skin,  is  then  stitched  to  the  part  which  it  is  desired  to  cover  in,  and 
when  it  has  become  attached  in  its  new  situation,  the  l)ridge  of  skin  is  severed. 
Reverdin  cut  a  piece  of  skin  into  jneces  alx)ut  the  size  of  a  pea  and  fixed  them  on 
an  ulcerated  surface,  where  they,  as  it  were,  took  root,  grew,  and  sent  off  from  their 
margins  epithelial  outgrowths,  so  that  ultimately  the  whole  surface  was  covered 
with  epithelium.  [White  skin  transplanted  to  a  negro  idtimately  becomes  pig- 
mented, and  black  skin  transplanted  to  a  white  person  becomes  white.]  The 
excised  spur  of  a  cock  was  transplanted  and  fixed  in  the  comb  of  the  same  animal, 
where  it  grew  {John  Huntei^).  P.  Bert  cut  off  the  tail  and  legs  of  rats  and  trans- 
planted them  under  the  skin  of  the  back  of  other  rats,  where  they  united  with  the 
adjoining  parts.  Oilier  found  that,  Mdien  periosteum  was  transplanted,  it  grew 
and  reproduced  bone  in  its  new  situation.  Even  blood  and  lymph  may  be  trans- 
fused (Transfusion,  §  102).  [Small  portions  (1*5  mm.)  of  epiphyses,  costal  cartilage, 
of  a  rabbit  or  kitten,  when  transplanted  quite  fresh  into  the  anterior  chamber  of 
the  eye,  testis,  submaxillary  gland,  kidney,  and  under  the  skin  of  a  rabbit,  attach 
themselves  and  gi'ow,  and  the  growth  is  more  rapid  the  more  vascular  the  site  on 
which  the  tissue  is  transplanted.  Even  rabbit's  bone  has  been  transplanted  to  the 
human  subject  and  grown  in  its  new  site.  The  cartilage  is  not  essentially  different 
from  hyaline  cartilage,  but  the  cells  are  fewer  in  the  centre,  while  the  matrix  tends 
to  become  fibrous.  Small  pieces  of  epiphysial  cartilage  introduced  into  the  jugular 
vein  were  found  as  cartilaginous  foci  in  the  lungs.  Tissues  transplanted  from 
embryonic  structures  grow  far  better  than  adult  tissues.  If  a  portion  of  the  comea 
of  a  rabbit  be  transplanted  to  a  human  eye,  provided  Descemet's  membrane  be 
clear,  it  will  grow  and  remain  clear  {v.  Hijypell),  A  rabbit's  nerve  has  been  trans 
planted  to  the  human  subject,  but  without  success.] 

Many  of  these  results  seem  only  to  be  possible  between  individuals  of  the  same 
species,  although  Helferich  has  recently  found  that  a  piece  of  a  dog's  muscle,  when 
substituted  for  human  muscle,  united  to  the  adjoining  muscle,  and  became 
functionally  active.  [Magnus,  however,  finds  that  a  piece  of  rabbit's  muscle 
transplanted  to  another  rabbit's  muscle  serves  merely  as  a  temix)rary  structure, 
and  does  not  unite  to  the  end  of  the  original  muscular  fibres,  but  the  latter  grow 
and  use  the  tmns])lanted  muscle  as  a  scaffolding,  which  is  ultimately  absorbed  and 
disappears.]  [J.  R.  Wolfe  has  transplanted  the  conjunctiva  of  the  rabbit  to  the 
human  eyoij  Most  tissues,  however,  do  not  admit  of  transplantation,  e.g.^  glands 
and  the  sense-organs.  They  may  be  removed  to  other  parts  of  the  body,  or  into 
the  peritoneal  cavity,  without  exciting  any  inflammatory  reaction  ;  they,  in  fact, 
behave  like  inert  foreign  matter. 

246.  INCEEASE  IN  SIZE  AND  WEIGHT.— The  length  of  the  body,  which 

at  birth  is  usually  ^~g  of  the  adult  body,  undergoes  the  greatest  elongation  at  an 
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early  period : — in  tlie  first  year,  20 ;  in  the  second,  10 ;  in  the  third,  about  7 
centimetres;  whilst  from  five  to  sixteen  years  the  annual  increase  is  about 
5  J  centimetres.  In  the  twentieth  year  the  increase  is  very  slight.  From 
fifty  onwards  the  size  of  the  body  diminishes,  owing  to  the  intervertebral  discs 
becoming  thinner,  and  the  loss  may  be  6  to  7  centimetres  about  the  eightieth 
year.  The  weight  of  the  body  (^^  of  an  adidt)  sinks  during  the  first  five  to 
seven  days,  owing  to  the  evacuation  of  the  meconium  and  the  small  amount  of 
food  which  is  taken  at  first.  Only  on  the  tenth  day  is  the  weight  the  same  as  at 
birth. 

The  increase  of  weight  is  greater  in  the  same  time  than  the  increase  in  length. 
Within  the  first  year  a  child  trebles  its  weight.  The  greatest  weight  is  usually 
reached  about  forty,  while  towards  sixty  a  decrease  begins,  which  at  eighty  may 
amount  even  to  6  kilos.  The  residts  of  measurements,  chiefly  by  Quetelet,  are 
given  in  the  following  tabh* : — 


Age. 

Length  (Cmti-.). 

Weight  (Kilo.). 

Length  (Cmtr.). 

Weight  (Kilo.). 

1     Age. 

Man. 

Woman. 

Man. 

Woman. 

Man. 

Woman. 

Man. 

Woman. 

0 

49-6 

48-3 

3-20 

2-91 

15 

156-9 

147-6 

46-41 

41-80 

1 

69-6 

69  0 

1000 

9-30 

16 

161-0 

150-0 

63-39 

44*44 

2 

79-6 

78-0 

12-00 

11-40 

17 

167-0 

154-4 

67-40 

49-08 

3 

86  0 

85-0 

13-21 

12-45 

18 

170-0 

156-2 

61-26 

53-10 

4 

93-2 

91  0 

15-07 

14-18 

■       19 

170-6 

63-32 

5 

99  0 

97-0 

16-70 

15-50 

20 

171-1 

157  0 

65  00 

54-46 

6 

104-6 

103-2 

18-04 

16-74 

t       25 

172-2 

167-7 

68-29 

66  08 

7 

111-2 

109-6 

20-16 

18-45 

1      30 

172-2 

167-9 

68-90 

66-14 

«      1 

117-0 

113-9 

22-26 

19-82 

1       *0 

171-3 

155-5 

68-81 

56-66 

9       ' 

122-7 

120-0 

24-09 

22-44 

1       50 

167-4 

153-6 

67-45 

58-46 

10       1 

128  2 

124-8 

26-12 

24-24 

1       60 

163-9 

151-6 

65-50 

66-78 

11 

1327 

127-5 

27-85 

26-25 

70 

162-3 

151-4 

63-03 

53-72 

12       j 

135-9 

132-7 

31-08 

30-54 

80 

161-3 

150-6 

61-22 

51-52 

13 

140-3 

138-6 

35-32 

34-65 

90 

..       i 

57-83 

49*34 

14 

148-7 

144-7 

40-50 

38  10 

1 

(Cbiefl 

y  from  Qi 

letelet.) 

Between  the  12th  and  15th  years  tlie  weight  and  size  of  the  girl  arc  greater  than  of  the  boy. 
Growth  is  most  active  in  the  last  months  of  foital  life,  and  afterwards  from  the  6th  to  the  9th 
year  until  the  13th  to  the  16th.  The  full  stature  is  reached  about  30  but  not  the  greatest 
weight. 


General  View  of  the  Chemical  Constituents  of  the 

Organism. 

247.  (A)  INORGANIC  CONSTITUENTS.— I.  Water  forms  over  60  per  cent, 
of  the  whole  body,  but  it  occurs  in  different  quantity  in  the  different  tissues.  The 
kidneys,  brain,  and  vitreous  humour  contain  the  most  water  ;  lK)nes,  22  per  cent. ; 
teeth,  10  per  cent.  ;  while  enamel  contains  the  least,  0-2  per  cent.  (§  229).  Accord- 
ing to  some  observers,  peroxide  of  hydrogen  (HgO^)  is  also  present  in  the  body. 

[Approximately,  water  forms  about  t^vo-thirds  of  the  weight  of  the  body,  so 
that  a  body  weighing  75  kilos.  (165  lbs.)  contains  50  kilos.  (110  lbs.)  of  water. 
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The  following  table,  modified  from  Beaunis,  shows  the  percentage  of  water  in 
several  tissues  and  organs  : — 

Solid!. 


TiMiie  or  Organ. 

Wotcr. 

Solldii. 

Tissue  or  Organ. 

Water. 

Solids. 

Enamel, 

•2 

99-8 

Spinal  cord,     . 
White    matter 

69-7 

30-3 

Dentine, 

.     10-0 

90-0 

70-0 

30-0 

Bone,      . 

.     48-6 

61-4 

of  brain, 

Fat,        . 

.     29-9 

70-1 

Skin,       . 

72-0 

28  0 

Elastic  tissue, 

49-6 

r>o-4 

Brain, 

75-0 

26  0 

Cartilage, 

.     65-0 

45  0 

Muscles, 

75-7 

24-3 

Liver,     . 

.     69-3 

30-7 

Spleen,    . 

75-8 

24-2 

liquids. 

Blood,     . 

.     79  1 

20-9 

Lymph, 

95-8 

4-2 

Bile,       . 

.     86-4 

13-6 

Serum,  •  . 

95-9 

4  1 

Milk,      . 

.     89-1 

10-9 

Gastric  juice,  . 

97-3 

27 

Liquor  sanguinis,  90-1 

9-9 

Intestinal  juice 

,  97-5 

2-5 

Chyle,     . 

.     92-8 

7-2 

Tears,     . 

98-2 

1-8 

n.  Gases. - 

-0,    -  ozone  (§  3; 

f)  -H,-N,-COe  {§  38). 

Mar 

Tissue  or  Organ.      Water. 

Solids. 

Thymus,        .      77-0 

28*0 

Connective-  \  yg.^ 
tissue,         ./'*''* 

20-4 

Kidney,         .      827 

17-3 

^^bJn'^^^n^^-S 

14-2 

Vitreous  humour,98  7 

1-8 

Aqueous  humour,  98  '6 

1-4 

Cerebro-spinal  \  qq.q 
fluid,           .  1  ^®  ® 

1-2 

Saliva.  .         .99-6 

0-6 

Sweat,.           .      99*6 

0-5 

Marsh  gas  CH^  (§  124).  NH,  <§  80, 


m.  Salts. — Sodium  chloride  [is  one  of  the  most  imi)ortant  inorganic  suhstances 
present  in  the  body.  It  occurs  in  all  the  tissues  and  fluids  of  the  body,  and  plays 
a  most  prominent  part  in  connection  with  the  diffusion  of  fluids  through  membranes, 
and  its  presence  is  necessary  for  the  solution  of  the  globulins  (p.  465).  Some- 
times it  exists  in  a  state  of  combination  with  proteid  bodies,  as  in  the  blood-plasma. 
Common  salt  is  absolutely  necessary  for  one's  existence  as  it  facilitates  absorption 
by  promoting  cndosmotic  j)roce8ses,  and  it  also  increases  tissue  metabolism ;  if  it 
be  withdrawn  entirely,  life  soon  comes  to  an  end.  The  body  contains  about  200 
grams.  About  15  grams  are  given  ofl*  in  twenty-four  hours,  chiefly  by  the 
urine.  Boussingault  showed  that  the  addition  of  common  salt  to  the  food  of  cattle 
greatly  improved  their  condition]. 

[Calcium  phosphate  (Ca^P^Og)  is  the  most  abundant  salt  in  the  body,  as  it  forms  more  than 
one-hnlf  of  our  bones,  but  it  also  occurs  in  dentine,  enamel,  and  to  a  much  less  extent  in  the 
other  solids  and  fluids  of  the  body.  Amongst  secretions,  milk  contains  relatively  the  largest 
amount.  In  milk  it  is  necessary  for  forming  the  calcareous  matter  of  the  bones  of  the  infant. 
It  gives  bones  their  hardness  and  rigidity.  It  is  chiefly  derived  from  the  food,  and,  as  only 
a  small  quantity  is  given  ofl"  in  the  excretions,  it  seems  not  to  undergo  rapid  removal  from 
the  body.] 

[Sodium  phosphate  (N113PO4),  acid  sodium  phosphate  (Na^HP04),  acid  polassium  2>hosphaU; 
(KjHPO*).  The  sodium  phosphate  and  the  corresponding  potash  salt  give  most  of  the  fluids  of 
the  body  their  alkaline  reaction.  The  alkaline  reaction  of  the  blood-plasma  is  jiartly  due  to 
alkaline  phosphates,  which  are  chiefly  derived  from  the  food.  The  acid  sodium  phosphate  is  the 
chief  cause  of  the  acid  reaction  of  the  urine.  A  small  quantity  of  phosphoric  acid  is  formed  in 
the  body  owing  to  the  oxidation  of  lecithin,  which  contains  pho.snhorus.] 

[Sodium  caroonate  (Na^CO,)  and  flodium  bicarbonate  (NaHCO,)  exist  in  small  quantities  in 
the  fowl,  and  are  formed  in  the  body  from  the  decomposition  of  the  salts  of  the  vegetable  acids. 
They  occur  in  the  blood-plasma,  where  they  play  an  imjwrtant  part  in  carrying  the  CO,  from 
the  tissues  to  the  lungs.] 

[Sodium  and  potaasium  sulphates  (Na^SO^  and  K2SO4)  exist  in  very  small  quantity  in  the 
body,  and  are  intro<luced  with  the  food,  but  part  is  formed  in  the  body  from  the  oxi(iation  of 
orflnnic  bodies  containing  sulphur.] 

[PotasBinm  chloride  (KCl)  is  pretty  widely  distiibuted,  and  occurs  speciallv  in  muscle, 
coloured  blood -corpuscles,  and  milk.  Calcium  fluoride  (CaFl^)  occurs  in  small  quantity  in 
bones  and  teeth.  Calcium  carbonate  (CaCOg)  is  associated  with  calcium  phosphate  in  bone^ 
teeth,  and  in  some  fluids,  but  it  occurs  in  relatively  much  smaller  amount  It  is  kept  in 
solution  by  alkaline  chlorides,  or  by  the  presence  of  free  carbonic  acid.  Ammoniuin  chloride 
(NH 401).— Minute  traces  occur  in  the  gastric  juice  and  the  urine.  Tifagnasinin  phoipliate 
(Mg,P04)  occurs  along  with  calcium  phosphate,  but  in  veiy  much  smaller  quantity.] 
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Table  by  Beaunis  of  the  relative  proportionB  of  Salts.    The  figures 

give  the 

percentage 

quantities  of  mineral  matters  in  the  ash. 

1 

Iltintz. 

Staffel, 

Bretd. 

Oidtmann. 

C.  Schmidt. 

Oidtmcmn, 

Bone. 

Moflcleof 
calf. 

10-59 

Brain. 

Liver. 

Lnngfl. 
13-0 

Spleen. 

Sodic  chloride, 

4-74 

Potassic  chloride, 

i 

... 

... 

... 

Soda, 

2-35 

10-69 

14-61 

19-5 

44-33 

Potosh, 

1 

34-40 

34-42 

25-23 

1-3 

9-60 

Lime, 

87-68 

1-99 

0-77 

3-61 

1-9 

7-48 

Magnesia, 

1       1-22 

1-46 

1-23 

0-20 

1-9 

0-49 

Ferric  oxide, 

1 

2-74 

3-2 

7-28 

Chlorine, 

1 

2-58 

... 

0-64 

Fluorine, 

'       1-66 

... 

Phosphoric  acid  (free), 

1 

9-15 

... 

... 

Phosphoric  acid  (combined) 
Sulphuric  acid, 
Carton  dioxide. 

53-31 

4813 

39-02 

50-18 

48-5 

27-10 

1 

0-76 

0-92 

1-4 

2-54 

'       5-47 

... 

Silicic  acid. 

0-81 

0-12 

0-27 

... 

0-1*7 

Ferric  phosphate, 

... 

1-23 

... 

Table  by  Beaunis  of  the  Mineral  Matter  in  Animal  Fluids,  i.e.,  the  percentage  in  the  ash. 


Yet'deil. 

Webtr. 

Weber. 

Dahn- 
hardt. 

Porter. 

Wddet- 
stein. 

Rose. 

Poi-ter. 

Blood. 

Blood- 
nenim. 

Blood- 
clot. 

Lymph. 

Urine. 

Milk. 

Bile. 

Sodic  chloride, 
Potassic  chloride. 
Soda, 
Potash,     . 
Lime, 
Magnesia, 
Ferric  oxide. 
Phosphoric  acid. 
Sulphuric  acid. 
Carbon  dioxide. 
Silicic  acid, 

58-81 

4-15 
11-97 
1-76 
112 
8-37 
10-23 
1-67 
1-19 

72-88 

12-93 
2-95 
2-28 
0-27 
0-26 
1-73 
2-10 
4-40 
0-20 

17-36 

29-87 

3-55 

22-36 

2-58 

0-53 

10-48 

10-64 

0-09 

2-17 

0-42 

74-48 

10-35 
3-25 
0-97 
0-26 
0-50 
1-09 

8-20 
1-27 

67-28 

1-33 

13-64 

1-15 

1-34 

11-21 
4-06 

10-73 
26-33 

21-44 

18-78 

0-87 

0-10 

19-00 

2-64 

27-70 

36-73 
4-80 
1-43 
0-53 
0-33 

10-45 
6-39 

11-26 
0-36 

4-33 

6-67 

6-10 

26-40 

10-54 

2-50 

3603 

3-13 

IV.  Free  Acida. — Hydrochloric  acid  (HCl)  [occurs /rce  in  the  gastric  juice,  but  in  combina- 
tion with  the  alkalies  it  is  widely  distributed  as  chlorides.]  Sulphuric  acid  (H2SO4)  [is  said  to 
occur  free  in  the  saliva  of  certain  gasteropods,  as  Dolium  galea.  In  the  body  it  K>rms  sulphates, 
chiefly  in  combination  with  soda  and  |)otash.  The  caterpillar  of  the  Puss  Moth  secretes  for 
defensive  purposes  a  highly  acid  fluid  composed  of  formic  acid  and  water.  The  proportion 
may  be  40  per  cent,  of  acid  and  one-twentieth  of  a  gram  may  be  ejected  at  once  from  a  mature 
larva  (Poullcni).] 

V.  Bases.— iSilicon  as  silicic  acid  (SiO,)  ;  manganese  ;  iron,  the  last  forms  an  integral 
constituent  of  haemoglobin  [the  total  quantity  in  the  blood  being  about  3  grams].  [Iron  is 
readily  detected  in  organs  in  which  it  occurs  on  hardening  small  parts  of  the  organ  in  alcohol 
and  then  in  alcohol  containing  ammonium  sulphide,  which  makes  the  iron  granules  a  green 
colour],  copper  (?),  (§  174). 

248.  (B)OEGANIG  COMPOUNDS.— The Albuminotus  or  Protdd  Subetances.— 
(1 )  True  Proteidfi  and  their  Allies  are  composed  of  C,  H,  0,  N,  and  S,  and  are  derived 
from  i)lants  (see  Infroihicfion).  [The  fonnation  of  albumin  from  the  elements  is 
accomplished  only  by  plants.  AVhat  the  chemical  processes  are  is  quite  unknown. 
We  only  know  that  the  N  is  in  the  first  instance  obtained  from  the  nitric  acid  or 
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•ammonia  of  tlie  soil.  The  former  is  probably  not  used  directly  as  such,  but 
serves,  perhaps,  for  the  formation  of  amides  or  amido-acids,  from  which,  by  the 
action  of  non-nitrogenous  bodies,  proteids  are  formed.] 

[The  exact  formula  of  the  proteids  is  unknown,  as  they  liave  never  been  obtained  sufficiently 
pure  and  in  such  quantity  as  to  admit  of  an  elementary  analysis  being  made.  From  such 
analyses  as  have  been  made  Bunge  gives  the  following  formulaB  : — 

Egg-albumin, Gjo^    U^^    N25      0^^      83 

Proteid  in  haemoglobin  from  horse,    .     Cq^    Hiose   ^aio    ^241     S, 
Globulin  from  pumpkin  seeds,  .  C^k    ^4ai    ^w     ^n      ^2 

According  to  Hoppe-Seylcr  their  general  percentage  composition  is — 

O  H         N  C  S 

From.         .     20-9       69       152       51*5       0*3 
To      .         .     23-5       7-3       17-0       54-5       2-0] 

They  exist  in  almost  all  animal  fluids  and  tissues,  partly  in  the  fluid  form,  although  Briicke 
maintains  that  the  molecule  of  albumin  exists  in  a  condition  midway  between  a  state  of  imbibi- 
tion and  a  true  solution — and  partly  in  a  more  concentrated  condition.  Besides  forming  the 
chief  part  of  muscle,  nerve,  and  gland,  they  occur  in  nearly  all  the  fluids  of  the  body,  including 
the  blood,  lymi)h,  and  serous  fluids,  but  in  health  mere  traces  occur  in  the  sweat,  while  they 
are  absent  from  the  bile  and  the  urine.  Unboiled  white  of  egg  is  the  type.  In  the  ali- 
mentary canal  they  are  changed  into  peptones.  The  chief  products  derived  from  their  oxida- 
tion within  the  body  are  COg,  HjO,  and  es|)ecially  urea,  which  contains  nearly  all  the  N  of  the 
proteids. 

[The  term  proteid  (irpaTuovj  pre-eminence)  was  given  by  Mulder,  and  is  now  used  as  synony- 
mous with  the  term  **  albuminous  body."] 

ConBtitution  of  Proteids.— Their  chemical  constitution  is  quite  unknown.  The  N  seems  to 
exist  in  two  distinct  conditions,  partly  loosely  combined,  so  as  to  yield  ammonia  readily  when 
they  are  decomposed,  and  partly  in  a  more  fixed  condition.  According  to  Pfliiger,  part  of  the 
N  in  living  proteid  bo<lies  exists  in  the  form  of  cyanogen.  [Loew  supports  Pfliiger's  view  that 
the  molecule  of  living  (active)  albumin  differs  from  that  of  dead  albumin,  as  he  finds  that  the 
living  protoplasm  of  certain  algte  can  reduce  silver  in  very  dilute  alkaline  solutions,  which  dead 
protoplasm  cannot  do.]  The  proteid  molecule  is  very  large,  and  is  a  very  complex  one  ;  a  small 
part  of  the  molecule  is  composed  of  substances  from  the  group  of  aronuUic  bodies  (which  become 
conspicuous  during  putrefaction),  the  larger  part  of  the  molecule  belongs  to  the/atty  bodies  ; 
during  the  oxidation  of  albumin  fatty  acids  especially  are  developed.  Carbohydrates  may  also 
appear  as  decomposition-products.  For  the  decompositions  during  digestion,  see  §  170,  and 
during  putrefaction,  §  184.  The  proteids  fonn  a  large  gi'oup  of  closely  related  substances,  all  of 
which  are  perhaps  modifications  of  the  same  body.  When  we  remember  that  the  infant 
manufactures  most  of  the  proteids  of  its  ever-growing  body  from  the  casein  in  milk,  this  last 
view  seems  not  improbable. 

Characters  of  Proteids. — Proteids,  the  aidiydrides  of  peptones  (§  166),  are 
colloids  (§  191),  and  therefore  do  not  diffuse  easily  through  animal  membranes; 
they  are  amorphous  and  [for  the  most  part]  do  not  cryBtallise,  and  hence  are 
isolated  with  difficulty  ;  some  are  soluble,  others  are  insoluble  in  water ;  insoluble 
in  alcohol  and  in  ether  ;  rotate  the  ray  of  polarised  light  to  the  left ;  when  burned 
they  give  the  odour  of  burned  horn.  Various  metallic  salts  and  alcohol  precipitate 
them  from  their  solutions ;  they  are  coagulated  by  heat,  mmeral  acids,  and  the 
prolonged  action  of  alcohol.  Caustic  alkalies  dissolve  them  (yellow),  and  from 
this  solution  they  are  precipitated  by  acids.  By  powerful  oxidising  agents  they 
yield  carbaniic  acid,  guanidin,  and  volatile  fatty  acids. 

Becompoeition  of  proteids. —[The  number  and  varieties  of  these  products  are  exceedingly 
groat,  so  that  it  is  not  easy  to  separate  the  several  products.  In  the  first  place,  there  is  great 
difficulty  in  getting  in  sufficient  quantity  a  perfectly  pure  proteid,  wherewith  to  institute  the 
necessary  experiments.  The  decomposition -products  of  albumin  when  acted  on  by  barium 
hydrate  have  beeu  most  fully  investigated.  The  action  of  concentrated  HCl,  potassic  perman- 
ganate, and  bromine  have  also  been  studied.  The  action  of  the  animal  or  vegetable  digestive 
ferments  is  very  iniiK)rtant  (§  170),  and  specially  that  of  bacteria  causing  putrefaction  (§  184).] 
When  acted  upon  in  a  suitable  manner  by  acids  and  alkalies,  they  give  rise  to  the  decomposition • 
products— leucin  (10  to  18  per  cent),  tyrosin  (0*25  to  2  per  cent),  aspartic  acid,  glutamic  add, 
and  also  volatile  fatty  acids,  benzoic  and  hydrocyanic  acids,  and  aldehydes  of  benzoic  and  fatty 
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acids ;  also  indol  {Hlasiwetz,  Hebennann).  Similar  products  are  formed  during  pancreatic 
digestion  (§  170)  and  during  putrefaction  (§  184).  [Although  it  is  assumed  that  the  proteids 
have  the  closest  relation  to  urea,  no  one,  so  far,  has  succeeded  in  preparing  urea  by  the  direct 
decomposition  of  albumin.  Both  by  the  action  of  acids  and  barium  hydrate,  the  splitting  up 
into  simpler  compounds  docs  not  take  place  at  once,  but  by  successive  stages,  one  to  the  forma- 
tion of  different  bodies.  Proteids,  when  fully  decomposed,  either  by  acids  or  alkalies,  yield  as 
the  final  products  ammonia  and  amido-acids  ;  by  alkalies  also  carbonic,  acetic,  and  oxalic  acids. 
The  amiao-acids  contain  several  series,  including  leucin,  tyrosin,  and  glutamic  acid.  But  all 
proteids  do  not  yield  these  three  bodies,  for  tyrosin  may  be  absent,  while  leucin,  so  far,  has 
been  always  found.  It  has  therefore  been  attempted  to  classify  proteids  into  those  that  yield 
tyrosin  (i.c.,  aromatic  compounds)  and  those  that  ao  not.  Classes  I. -VIII.,  p.  464,  yield  when 
decomposed  aromatic  bodies  (tyrosin,  indol,  phenol),  while  gelatin-yielding  bodies  and  spongin 
yield  no  aromatic  bodies.] 

[ElectrolysiB  of  Animal  Tiasaee  including  Proteids.— A  current  in  passing  through  a  tissue 
or  a  proteid  solution  is  conducted  almost  entirely  by  the  inorganic  constituents.  The  chemical 
effects  produced  on  the  proteid  constituents  are  due  to  secondary  actions  of  the  products  of 
electrolysis  of  the  salts.  At  the  positive  pole  coagnlable  proteids  are  i)artly  coagulated  and  partly 
changed  into  acid-albnmin  ;  at  the  negative  pole  alkali-albumin  is  formed.  When  blood  or  a 
pure  naimoglobin  solution  is  electrolysed,  methtemoglobin  and  then  acid-htematin  are  formed  at 
the  anode,  but  not  if  a  reducing  agent  be  present ;  alkali-hsematin  is  formed  at  the  cathode 
{G.  J^.  SUicart).] 

General  Beactions  of  Proteids.— (1)  Xanthroproteic  Eeaction. — Heated  with 
strong  nitric  acid  they  give  a  yellow,  the  addition  of  excess  of  ammonia  gives  a 
deep  (/range  colour.  [The  deepening  of  the  colour  from  yellow  to  orange  is  the 
most  importiint  part  of  the  reaction  and  is  one  of  the  best  tests  for  the  presence  of 
proteids.] 

(2)  With  Millon's  reagent  they  give  a  white  precipitate,  and  when  heated  with 
this  reagent  above  60°  C.  they  give  a  brick-red  colour,  probably  owing  to  the 
formation  of  tyrosin.  [This  does  not  occur  in  the  presence  of  sodic  chloride.  If 
the  proteids  are  present  in  large  amount,  a  red  precipitate  occurs,  but  if  mere  traces 
are  present  only  the  fluid  becomes  red.] 

(3)  Biuret-reaction.— The  addition  of  a  few  drops  of  a  dilute  solution  of  cupric 
sulphate,  and  the  subsecjuent  addition  of  exce^^s  of  caustic  potash  or  soda,  give 
a  violet  colour,  which  deepens  on  boiling.  The  biuret-reaction  is  so  called  because 
the  reddish-violet  colour  is  like  that  given  l)y  the  subsUmce  biuret,  a  derivative 
of  urea.  This  is  sometimes  called  Piotrowski's  reaction.  [The  same  colour  is 
obtained  by  adding  a  few  drops  of  Fehling's  solution]. 

(4)  They  are  precipitated  after  strong  acidulation  by  acetic  acid  and  potas- 
sium ferrocyanide. 

(5)  Liebermann's  reaction. — When  proteids  are  washed  with  alcohol  and  ether 
and  then  boilod  with  concentrated  hydrochloric  acid,  they  give  a  violet-red  colour. 

(6)  Sulphuric  acid  containing  molybdic  acid  gives  a  blue  colour  (FroMe). 

(7)  Adamkiewicz'  reaction. — Their  solution  in  glacial  acetic  acid  is  coloured 
violet  with  concentrated  sulphuric  acid,  and  shows  the  absorption-band  of 
hydrobilirubin. 

(8)  Iodine  is  a  good  microscopic  reagent,  which  strikes  a  brownish-yellow, 
while  sulphuric  acid  and  cane-sugar  give  a  purplish-violet  {E.  Schidtz), 

[(9)  When  rendered  strongly  acid  with  acetic  acid  and  boiled  with  an  equal 
volume  of  a  concentrated  solution  of  sodic  sulphate,  they  are  precipitated.  This 
method  is  used  for  removing  proteids  from  other  liquids,  as  it  does  not  interfere 
with  the  presence  of  other  substances.  Saturation  with  sodio-magnesic  sulphate 
precipitates  the  proteids,  but  not  peptones,  and  the  same  is  the  case  with  satura- 
tion with  neutral  ammonia  sulphate  (§  249).] 

[(10)  The  precipitation  of  albumin  by  acids  is  more  delicate  when  the  acid  is 
dissolved  in  alcohol  containing  10  per  cent,  of  ether ;  the  precipitate  is  not 
dissolved  by  an  excess  of  the  reagent.] 

[(11)  Most  of  them  are  precipitated  by  strong  mineral  acids,  and  metaphos- 
phoric  acid,  tannic   acid  (in  an   acid  solution),  phospho-tungstic  and   phospho- 
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molybdic  acids  (in  acid  solution) ;  potassio-mercuric  iodide  (in  acid  solutions) ; 
many  metallic  salts,  e.f/.,  of  Cu,  Pb,  Ag,  Hg ;  chloral,  phenol,  trichloracetic  acid, 
picric  acid,  alcohol.  Taurocholic  acid  precipitates  albumin  and  syntonin,  but  not 
peptone  or  hemi-albumose  (§  181).] 

[(12)  On  adding  2-3  drops  of  a  weak  solution  of  benzaldehyd  with  a  fair 
amount  of  sulphuric  acid,  (1:1  water)  and  1  drop  of  ferric  sulphate,  albumin,  on 
being  heated,  or  after  standing,  gives  a  deep  blue  colour  (HetcJie), 

[Precipitants  of  Proteids. — All  the  proteids  cannot  be  precipitated  with  equal 
ease,  the  albumoses  and  peptones  being  exceptions.  As  a  group  they  are  pre- 
cipitated by  (1)  strong  mineral  acids,  e.g.,  nitric,  phosphotungstic  and  metaphos- 
phoric  acids ;  (2)  Salts  of  the  heavy  metals,  forming  an  albuminate  of  the  metal ; 
(3)  acetic  acid  and  ferro-cyanide  of  potassium  ;  (4)  acetic  acid  and  excess  of 
certain  neutral  salts  (NaCl,  Na2S04,  MgS04) ;  (5)  saturation  with  ammonium 
sulphate,  &c.;  (6)  picric  acid,  or  tannic  acid,  or  alcohol.] 

Proteids  may  be  removed  from  a  fluid  containing  them  by  means  of  (1)  Briicke's  method, 
i.e.,  precipitation  with  hydrochloric  acid  and  jiotassio-mercunc  iodide  (p.  318).  (2)  By  boilinff 
a  faintly  acid  fluid  containing  them.  (3)  Wenz's  method,  viz.,  saturating  the  liquid  with 
ammoninm  sulphate  which  precipitates  all  proteids  except  peptones.] 

[Coagulation  of  Proteids  by  Heat. — When  a  soluble  proteid  passes  into  an 
insoluble  one  by  heat,  this  is  called  heat-coagulation.  The  proteids  coagulated  by 
lieat  are  egg-albumin,  serum-albumin,  and  globulins,  but  the  temperatm-e  at  which 
this  remarkable  change  takes  place  has  been  shown  to  vary  with  the  nature  of 
the  proteids  present  in  the  solution  (Fractional  heat-coagulation,  p.  44)  with  the 
concentration  of  the  solution,  and  also  with  the  quantity  and  nature  of  the  salts 
present.  The  following  table  after  Halliburton  shows  the  temperatures  of 
coagulation  of  some  of  the  principle  proteids  : 

Albumins.  ,  Globulins. 


Egg-albumin,  ....  73''C 

Serum-albumin  a,  .  76** 

,.         i3,  .         .         .         .  77"* 

,,  ,,%•••  Si"* 

Cell-albumin,  ....  73** 

Muscle  albumin,  ....  73" 

Lact-albumin,  ....  77" 


Fibrinogen, 

Serum-globulin, 

Cell-globulin, 

Myosinogen,  . 

Myo-^lobulin, 

VitcUin, 

Crj'stallin, 


75'* 
75** 
56'' 
63" 
75° 
73T 


249.  THE  ANIMAL  PEOTEIDS  AND  THEIB  CHABAGTEES.— Class  I— 

Native  Albumins  occur  in  a  natural  condition  in  animal  solids  and  fluids.  They 
are  soluble  in  water  [in  dilute  saline  solutions  and  in  saturated  solutions  of 
sodic  chloride  and  magnesium  sulphate],  and  are  not  precipitated  by  alkaline  car- 
bonates, NaCl,  or  by  very  dilute  acids.  [They  are  precipitated  by  saturating  their 
solutions  with  ammonium  sulphate.]  Their  solutions  are  coagulated  by  heating 
at  65"  to  73^  C.  Dried  at  40^  C,  they  yield  a  clear,  yellow,  amber-coloured, 
friable  mass,  "soluble  albumin,*'  which  is  soluble  in  water. 

(1)  Benim-albumin  (§  32  and  §  41). — Its  sjiecific  rotatory  power  is  -  56*.  Almost  all  its 
salts  may  be  removed  from  it  by  dialysis,  when  it  is  no  longer  coagulated  by  heat.  It  is 
coagulated  by  strong  alcoliol ;  and  not  very  readily  precipitated  by  hydrochloric  acid,  while  the 
precipitate  so  formed  is  easily  dissolved  on  adding  more  acid.  "When  ^irecipitated,  it  is  readily 
soluble  in  strong  nitric  acid.  It  is  not  precipitated  when  shaken  up  with  ether.  The  addition 
of  water  to  the  hydrochloric  solution  i)recipitates  acid-albumin.  For  its  presence  abnormally 
in  urine,  §  264. 

(2)  Egg-albumin. — When  injected  into  the  blood-vessels  or  under  the  skin,  or  even  when 
introduced  in  large  quantity  into  the  intestine,  part  of  it  appears  unchanged  in  the  urine  (§  192, 
4,  and  §  264).  When  shaken  with  ether  it  is  precipitated.  These  two  reactions  serve  to  dis- 
tinguish it  from  (1).  The  siKJcific  rotation  is  -  35 '6,  i.f.,  tor  yellow  light  Amount  of  S,  1*6 
per  cent. 

(3)  Muscle-albumin,  i.r.,  the  proteid  extracted  from  muscle  by  water  (§  293). 

(4)  CeU-albumin  (§  24). 

(5)  Lact-albumin  (§  231). 
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Glass  n. —Globulins  are  native  proteids,  insoluble  in  distilled  water,  but 
soluble  in  dilute  neutral  saline  solutions,  i.e.,  neutral  solutions  of  the  alkalies 
and  alkaline  earths,  e,g,,  KaCl,  KCl,  NH^Cl,  NagSO^,  (but  not  NaaCOa,  Na^PO^), 
sodium  cliloride  of  1  per  cent.,  and  in  magnesium  sulphate.  [They  are  insoluble 
in  concentrated  solutions  of  NaCl,  MgSO^,  (XH4)2  SO,.]  These  solutions  are 
coagulated  by  heat,  and  are  precipitated  by  the  addition  of  a  large  quantity  of 
water.  Most  of  them  are  precipitated  from  their  sodiiuu  chloride  solution  by  the 
addition  of  crystals  of  sodium  chloride,  and  also  by  saturating  tJieir  iietdral  solu- 
tion at  30**  with  crystals  of  magnesium  sulphate  or  ammonium  sulphate.  When 
acted  upon  by  dilute  acids  they  yield  acid-albumin,  and  by  dilute  alkalies,  alkali- 
albumm. 

(1)  Olobalin  (Crystallin)  is  obtained  by  passing  a  stream  of  CO^  through  a  watery  extract  of 
the  crystalline  lens. 

(2)  Vitellin  is  the  chief  proteid  in  the  yolk  of  egg.  It  is  also  said  to  occur  in  the  chyle  (1) 
and  in  the  amniotic  fluid  (  Weyl).  Both  the  foregoing  are  not  precipitated  from  their  neutral 
solutions  by  saturation  with  sodium  chloride. 

(3)  Para-globnlin  or  Semm-globulin  in  blood-plasma  (§  29),  and  abnormally  in  urine 
(§264).^ 

(4)  Fibrinogen  (§  29). — In  the  clear  jelly-like  secretion  of  the  vesicula?  seminales  of  the 
guinea-pig,  there  is  a  globulin-like  body  closely  resembling  tibrinogen.  It  contains  29  percent, 
of  albumin,  with  scarcely  any  ash.  If  it  bo  touched  with  a  trace  of  blood-serum,  without 
mixing  them,  it  gradually  and  completely  forms  a  solid  mass  quite  like  fibrin. 

(5)  Myoflinogen,  from  which  is  formed  myoein,  is  the  chief  proteid  in  dead  muscle.  Its 
coagulation  in  muscle  post-mortem  constitutes  ri^or  mortis.  If  muscle  be  repeatedly  washed, 
and  afterward  treated  with  a  10  per  cent,  solution  of  sodium  or  ammonium  chloride,  it  yields 
a  viscid  fluid  which,  when  dropped  into  a  large  quantity  of  distilled  water,  gives  a  white 
flocculent  precipitate  of  myosin.  It  is  also  precipitated  from  its  NaCl  solution  by  crystals  of 
NaCl.    For  Kiihne's  and  other  methods,  see  §  293. 

(6)  Globin  (Preyer),  the  proteid  constituent  of  hismoglobin  (§  18). 

Glass  IIL— Derived  Albumins  (Albuminates). — [They  are  obtained  by  the 
action  of  acids  or  alkalies  on  albumins,  globulins  or  other  proteids  ;  are  insoluble 
in  pure  water,  but  are  soluble  in  acid  or  alkaline  solutions,  or  in  weak  saline 
solutions.  Like  globulins,  they  are  precipitated  by  saturation  with  neutral  salts 
(NaCl,  MgSO^,  (NH4)2  ^^^4)-     Their  solutions  are  not  coagulated  by  beat.] 

(1)  Acid-albamin  or  Syntonin.  —When  proteids  are  dissolved  in  the  stronger  acids,  e.g., 
hydrochloric,  they  become  changed  into  acid-albumins.  They  are  precipitated  from  solution  by 
the  addition  of  many  salts,  sodic  chloride,  acetate  or  phosphate,  or  by  neutralisation  with  an 
alkali,  «.</.,  sodic  carbonate,  but  they  are  not  precipitated  by^  heat.  The  concentrated  solution 
gelatinises  in  the  cold,  and  is  redissolved  by  neat.  Syntonin,  which  is  obtained  by  the  pro- 
longed action  of  dilute  hydrochloric  acid  (2  per  1000)  upon  minced  muscle,  is  also  an  acid 
albumin.  It  is  formed  also  in  the  stomach  during  digestion  (§  166,  I.).  According  to  Soyka, 
the  alkali-  and  acid-albumins  differ  from  each  other  only  in  so  far  as  the  proteid  in  the  one  case 
is  united  with  the  base  (metal)  and  in  the  other  with  the  acid. 

(2)  AlkaU-albumin. — If  egg-  or  serum-albumin  be  acted  uj)ou  for  some  time  by  dilute 
alkalies,  a  solution  of  alkali-albumin  is  obtained.  Strong  caustic  potash  acts  upon  white  of 
egg,  and  yields  a  thick  jelly,  Lieberktihn*8  jelly.  The  solution  is  not  precipitated  by  heat,  but 
it  is  precipitated  by  the  addition  of  an  acid.  [Although  alkali-albumin  is  precipitated 
on  neutralisation,  this  is  not  the  case  in  the  presence  of  alkaline  phosphates,  e.g.,  sodic 
phosphate.  ] 

(3)  Casein  is  the  chief  proteid  in  milk  (§  231).  It  is  precipitated  by  acids  and  by  rennet  at 
40**  C.  In  its  characters  it  is  closely  related  to  alkali-albuminate,  but  it  contains  more  N.  It 
contains  a  large  amount  of  phosphorus  (0*83  per  cent).  It  may  be  precipitated  from  milk  by 
diluting  it  with  several  times  its  volume  of  water  and  adding  dilute  acetic  acid,  or  by  adding 
magnesium  sulphate  crystals  to  milk  and  shaking  vigorously.  Owing  to  the  large  amount  of 
j)hosphorus  which  it  contains,  it  is  sometimes  referred  to  the  nucleo-albumins.  When  it  is 
digested  with  dilute  HCl  (0*1  per  cent.)  and  pepsin  at  the  temperatm-e  of  the  body,  it  gradually 
yields  nuclein. 

[Gaseinogen  and  Casein. — Halliburton  has  recently  suggested  that  the  term  caseinogeu  should 
be  applied  to  the  chief  proteid  as  it  exists  in  milk,  reserving  the  term  casein  for  the  precipitate 
obtained  in  ndlk  by  the  action  of  rennet  in  the  presence  of  calcium  salts.  Caseinogen  is 
precipitated  from  milk  by  saturating  the  milk   with  neutral  salts  (MgSO^,  NaCl)  or  by 
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adding  a  very  small  uiuouut  of  acid  (acetic).  This  terniiuology  briugs  the  milk-proteid 
in  line  with  some  other  proteids,  e.g.^  myosin  from  myosinogen ;  iibiin  from  tibrinogen,  hui. 
Casein,  therefore,  would  be  classed  "with  fibrin,  myosin,  gIutin,asproteids,more  or  less  insoluble, 
which  are  produced  by  fennent  action  from  other  proteids  of  more  soluble  nature."  It  is  more 
difficult  to  classify  caseinogen,  for  in  some  respects  it  resembles  alkali  albumin  and  in  others 
the  globulins,  but  it  differs  from  both,  and  Halliburton  suggests  that  it  should  be  put  into  a 
class  intermediate  between  the  albuminates  and  the  globulins.] 

[Glass  IV. — Proteoses. — Tliis  name  is  given  to  a  number  of  products  formed 
during  the  hydration  of  proteids.  They  are  formed  by  the  action  of  gastric  or 
pancreatic  juice  on  proteids,  the  final  product  being  peptone.  Thoy  may  also 
be  formed  by  heating  ])roteids  with  water,  steam,  or  dilute  mineral  acids.  They  are 
only  slightly  dili'usible.  Suppose  we  start  with  albumin,  before  the  stage  of 
peptone  is  reached,  an  intermediate  body,  albumose,  is  formed ;  this  body  is  a  pro- 
teose. The  particular  proteose  formed  depends  on  the  nature  of  the  original  pix)- 
teid ;  thus  albumin  yields  albumoses ;  globulin  globuloses ;  myosin  myosinoses, 
casein  caseoses,  &c.,  (§  166). 

They  are  not  coagulated  by  heat ;  they  are  precipitated,  but  not  coagulated 
by  alcohol ;  with  the  biuret  test  they  give  a  rosy  pink  colour.  They  are  pre- 
cipitated by  nitric  acid,  but  the  precipitate  is  soluble  on  heating  and  reappears 
on  cooling. 

There  are  two  varieties  ;  suppose  we  tiike  albumin  as  the  original  protoid  then 
we  obtain  hemi-albumose,  which  can  be  changed  into  hemi-peptone ;  and  anti- 
albmnose,  which  is  changed  during  digestion  into  anti-peptone.] 

[They  are  classified  according  to  their  solubilities  into  : — 

(a)  Proto-albumoBe,  which  is  soluble  in  cold  and  hot  water  and  saline  solutions,  but  it  is 
pi-ecipitated  like  globulins  by  saturation  with  NaCl  or  MgS04. 

(6)  Hetero-albumose  is  insoluble  in  water,  soluble  in  0'5-15  per  cent  NaCl  solutions  in 
the  cold.  It  is  precipitated  by  dialysing  out  the  salt  from  its  solutions.  It  is  precipitated  by 
saturation  with  salts. 

(<;)  Deutero-albiimoBe  is  soluble  in  cold  and  hot  water,  not  pi*ecipitated  by  saturation  with 
NaCl  or  MgS04,  but  by  ammonium  sulphate. 

Proto-  and  hetcro-albumose  are  sometimes  called  the  primary  albumoses,  while  deutero- 
albumose  is  a  stage  much  nearer  t<}  i)eptone. 

The  following  tabic  from  Halliburton  shows  the  chief  properties  of  these  bodies  and  also 
of  peptone : — 


;   V.rlc.x„n..t«id.Ll"\,'2'»„_ 


Hot  and    |  i 

Cold  Saline  I  Snturatlon  |  Satunitlun 
Solutions,  |\t  1th  NaCl  or  with  Anij 
e.g  ,  10  per       MgS04.     I        ^^4. 

cent.  KaCl   | 


C«i»pcr 
Sulphate. 


Biuret  Test, 
».^.,  Copper 

Sulphate 

and  Caustic 

Potash. 


Soluble.       I  Soluble.       I  Precipitated. '  Precipitated. 


Proto- Albumose 


Het«ro-Albumose 


.  X>«utero- Albumose-; 


I 


Insolubh',  :  Soluble;  ;Pi-ecipltated. 
i.e.,  pre-  | 
dpitaicfl  I 
by  dtalyHls 
from  saline' 
(solutions.    I 


partly  prc- 
(ipltated  j 
but  not 
coagulated' 
on  heating 
to  66'  C.     I 


I'redpitated. 


Procipltnted 
in  cold : 
pre<-iplrat« 
dl<aK>lve8 
with  heat 
and  re- 
appears on 
cooling. 

Do. 


PreclpiUted.|  Itoao-rod 
colour. 


Precipitated.)         Do. 


I  Soluble. 


Peptone 


(    Soluble. 
I 


,  Soluble 


Soluble. 


Not  precipi-  l*roclpitated.  This  reaction 


tated. 


Not  precipi* '  Not  precipi- 
tated. '     tatetl. 


only  (K'cunj 
in  presence 
of  excess 
of  salts. 

Not  precipi- 
Utetl. 


Not  precipi- 
tated. 


Not  ppecipl- 


I>o. 


Do.) 
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Class  v.— Peptones. — There  are  two  classes,  Hemipeptone  and  Antipeptone. 

The  former  can  be  split  up  by  pancreatic  juice  into  simple  products,  e,g,y  leucin  and 
tyrosin  (§  170,  II.);  the  latter  not.  Nor  does  the  latter  give  Millon's  reaction. 
Both  diffuse  readily. 

Glass  VI.— Fibrin.— (§  72)  and  for  thc^  precursors  of  fibrin  (§  29). 

Glass  VII. — Goagolated  Proteids. — When  any  native  albumins  or  globulins  are  coagulated, 
c.y.y  at  70''C.,  they  yield  bodies  with  altered  characters,  insoluble  in  water  and  saline  solutions, 
but  soluble  in  boiling  strong  acids  and  alkalies,  when  they  are  apt  to  split  up.  They  are  dis- 
solved during  gastric  and  pancreatic  digestion  to  produce  peptones. 

[Halliburton  divides  coagulated  proteids — (1),  those  coagulated  by  heat,  and  (2),  tho«e 
coagulated  by  the  action  of  ferments.  In  the  latter  class  is  included  fibrin,  myosin,  casein,  and 
anti-albiirain.] 

Glass  Vm.— Lardacein  and  other  Bodies.— There  fall  to  be  mentioned  the  '"yelk-plates," 
which  occur  in  the  yelk  : — ^Ichthin  (cartilaginous  fishes,  frog)  ;  Ichthidin  (osseous  fishes)  ; 
Ichthulin  (salmon) ;  £mydin  (tortoise) ;  also  the  indigestible  amyloid  substance  or  lazdacein, 
which  occurs  chiefly  as  a  pathological  infiltration  into  various  organs,  as  the  liver,  spleen, 
kidneys  and  blood-vessels.  It  gives  a  blue  with  iodine  and  sulphuric  acid  (like  cellulose),  and 
a  mahogany-brown  with  iodine.  It  is  difficult  to  change  it  into  an  albuminate  by  the  action  of 
acids  and  alkalies. 

Appendix:  Vegetable  Proteid  Bodies. — Plants,  like  animals,  contain  proteid  bodies, 
although  in  less  amount.  They  occur  either  in  solution  in  the  juices  of  living  plants  or  in  the 
solid  form.     In  comi)Osition  and  reaction  they  resemble  animal  proteids. 

[The  cbaractera  of  vegetable  i>roteids  have  a  great  resemblance  to  animal  proteids.  They 
have  frequently  been  obtained  in  a  crystalline  form,  e.g.t  from  the  seeds  of  the  gourd  and 
various  oleaginous  seeds.  They  occur  in  greatest  bulk  in  the  seeds  of  plants,  alenrone  grains 
being  for  the  most  part  composed  of  them.  In  seeds,  globulins  and  "  vegetable  peptone  "  form 
the  greater  proportion  of  the  proteid  constituents.] 

[Albumin. — The  existence  of  a  body  corre^i)Ouding  to  egs-  or  serum-albumin  in  the  vegetable 
kingdom  is  doubtful  {HUt/uitiscn).     Such  a  Iwdy  has  been  tlcscribed  in  piijMiw  juice  (Martin).] 

[Globulins. — Three  varieties  have  been  described  as  occurring  in  the  seeds  of  plants  : — 
vegetable  myosin, vitellin,  and  paraglobulin  {Martin).  They  have  practically  the  Siime  pro- 
perties as  those  foimd  in  the  animal  kingdom  :  vegetable  vitellin  has,  however,  not  been  suffi- 
ciently studieil.  Paraglobulin  has  l)een  found  in  papaw  juice  {Martin).  Myosin  occurs  in  the 
seeils  of  legunjinosie,  in  flour,  and  in  the  pot;ito.  [Globulins  are  by  far  the  most  abundant  pro- 
teids in  plants.] 

[Vegetable  Peptone :  Albumoses. — A  true  peptone  has  not  yet  been  recognised  in  plants; 
what  has  been  described  as  such  is  hemi-albumose  {Vinc^).  Albumosfs  have  been  found  in  the 
seeds  of  leguminoste,  in  flour,  and  in  papaw  juice.  In  the  last,  two  forms  occur,  called  resj)ec- 
tively  o-  and  3-  phytalbumose.  The  former,  o-phytalbumose,  agrees  with  the  hemi-albumose 
described  by  Vines,  being  soluble  in  cold  and  boiling  water  ;  giving  also  a  biuret-reaction,  aud 
a  precipitate  by  saturation  with  sodium  chloride  only  in  an  acid  solution.  The  latter,  /S-phytal- 
bumosi*,  is  soluble  in  cold,  but  not  in  boiling,  distilled  water  ;  hence  it  is  precipitated  by  heat. 
It  is  also  readily  thrown  down  by  saturation  with  sodium  chloride,  and  gives  a  faint  biuret- 
reaction  {Martin).] 

[Vegetable  Casein  is  said  to  occur  in  the  seeds  of  leguminosae  ;  and  it  is  slightly  soluble  in 
water,  but  readily  so  in  weak  alkalies  aud  in  solutions  of  basic  calcic  phosphate.  A  solution  of 
this  body  is  precijiitated  by  acids  aud  rennet.  Two  varieties  have  been  described,— (o)  legumin, 
in  peas,  beans,  lentils  ;  acid  in  reaction,  soluble  in  weak  alkalies  and  very  dilute  HCl  or  acetic 
acid  ;  (3)  oonglutin,  a  very  similar  body  occurring  in  hops  and  almonds.  The  existence  of 
vegetable  casein  is  denied.  Vines  states  that  both  legumin  and  conglutin  are  artificial  products, 
bfing  formed  from  the  globulins  }>reseiit  by  the  dilute  alkali  used  in  extraction  of  the  proteids. 
This  is  denied  by  Ritthausen.] 

[Oluten. — Gluten  is  readily  prepared  from  Hour  by  washing  and  kneading  it  in  a  muslin  bag 
under  a  stream  of  water.  It  is  probably  formed  by  the  fermentation  from  the  proteids  pie- 
existing  in  flour.  So  prepared,  it  is  yellowish-brown  in  colour,  very  sticky,  and  capable  of 
being  drawn  out  into  long  shreds.  It  is  insoluble  in  water,  soluble  (but  not  completely) 
by  prolonged  action  in  dilute  acids  and  alkalies  ("2  i>er  cent.  KHO  and  HCl).  The  pro- 
longed action  of  alcohol  (80  to  85  yier  cent.) dissolves  part  of  the  substance  of  gluten,  leaving 
a  residue,  called  by  Liebig  plant-fibrin  and  by  Ritthausen  gluten-casein.  The  alcohol  contains 
gliadin  (glutin),  gluten-tibrin,  and  mucedin.  Oluten-casein  is  readily  soluble  in  dilute  alkalies, 
almost  insoluble  in  dilute  acetic  acid,  and  quite  insoluble  in  cold  and  boiling  water  ;  the  pro- 
ducts of  its  decomposition,  by  heating  with  H,S04  are  leu<'in,  tyrosin,  glutamic,  an<l  aspara- 
ginic acids.  The  three  bodies  dissolved  from  gluten  by  alcohol  differ  chiefly  in  their  solubility 
in  alcuhol  and  water.  Gluten-fibrin,  the  least  soluble,  is  coagulated  by  the  action  of  absolute 
alcohol  ;  it  is  readily  soluble  in  dilute  acids  and  alkalies,  being  precipitated  by  neutralisation. 
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Qlimdin  (glutiu,  plaiitgeliittiii)  may  \^  \n\{tdUHl  by  UjUiug  gluten  with  water  :  it  ikposita  on 
rooling  llic  solution.  Thoii^li  soluble  tii  water  at  100*  C,  nt  lirst,  it  beeoiiies  insoluble  by  tb« 
pioloui^tfil  action  of  watt-r  at  tliat  tr  unicmtnre.  It  b,  like  fihiten-fibriUj  soluble  in  dilute  acids 
jind  alkalies.  Mucedin  ditleis  frniu  gliadin  in  bi'higleijs  soIuIjIo  in  strong  aleolioL  Tlie  water 
used  in  WttKldng  tlu"  Hour  iu  the  preitaratiou  of  gluten  contains  hemi-albutnoso  {Vinr^)  aud  n 
globulin  ( Wcyl),  Kye-ftour,  aa  well  m  wiieatcn,  yields  gluti^n  under  similar  treatment  with 
Wftttr*] 

[NitrogenoiM  Cryfit&Uiiie  Principles. — LeiiL-in,  tyixfrsin,  aaiiaj-jigiu,  and  glutamic  acid  Iwivo 
Iwen  t'oimd  ill  the  .Ht-eits  of  pInutH,  ] 

FoifionouB  Proteids.— ilany  uf  the  [imti^ds  are  poisoiioin^,  aiul  ^5^Jml*  of  them 
arc  the  [mxlm  t^s  of  the  iiietiibolic  activity  of  iiiicro-<jrgaiiisniS|  whicli  seem  Ui  play 
an  iiii|M)rt!iiit  juiii  in  tin*  eaii8ati<Jii  of  (liwiii^ie.  Amongst  poisonous  aniiJUil-|Ji*otiid8 
are  tliose  pf  siiukepoison,  e.7.,  of  the  eobra  and  viper  whieb  eonUdii  [-tox-albumins, 
-globuhus,  and  -idbuniosea  ;  the  proteitk  in  the  Heruin  of  the  emiger  eel  and  other 
tiaheii  (\u  45),  and  the  albvmiose.s  and  [peptones  prodw  ed  tin  ring  digestion,  8onie 
of  the  prodiK  t.H  obUiiied  by  eidtivating  siieeifu"  Tnieilh  in  a  culture  tinid  containing 
proteid,  when  injected  mto  an  annual,  luay  render  that  ainnial  iiuniunt'  against  an 
utttick  of  certain  diseases.  Hank  in  has  hIio^mi  that  an  albumose  in  capable  r»f  pro- 
tecting animak  against  H|denic  fever.  These  btKlies  are  called  *' protective 
proteids/*] 

250,  (:i)  THE  ALBUMINOIDS  AND  FEEMENTS.— The.se  substauce*;  clo^^ely 
resemble  true  ]>roteids  in  their  eujiiposition  and  origin,  and  are  atuorphoiiis  non- 
crysttdline  eoUoitUs  ;  some  of  tbeni  do  not  conliiin  S,  I  nit  the  nio^t  of  them  have 
not  Ijeen  ]>rejnii\*d  frer^  froia  ash.  Their  reactions  and  deeoinposition-prcHiluets 
elosely  resemble  those  of  the  ]»rotcids  ;  some  of  them  produce,  iu  addition  to 
leuciii  and  tyrosiu,  glycin  and  alanin  (amido-proi»ioni<r  acid).  They  occur  as 
organisetl  constituents  nf  the  tiBsucs  and  also  in  Huid  form.  It  is  nuknown 
uhether  they  are  formed  Ijy  oxidation  from  pr^^tcid  bodies  or  by  synthesis. 

i.  Mucin  in  the  cbaraLt eristic  sulfJstaiiLt;  present  iti  tniictis.  That  obt^iined  from  tlie  tiub* 
inaxillary  gland  iOiilaiiis^C  62'a],  H  7"22,  N  11 '84,  O  25"63.  According  t«  HHUtniarsten,  it 
contains  S  l'7t)  and  N  13*5  per  ci*nt.  It  diit<i^olve8  in  watur,  making  it  sticky  or  slimy,  and  cim 
be  lilteivd.  It  i«  |U'eLn|jitated  by  acetic  acid  and  alcohol  ;  and  the  alcohol  |ueci]>itati?  \^  again 
aoluhlc  in  vratfi.  It  in  not  proci|(itiitod  by  acetic  aeid  and  fcrrocyauide  of  potu^iuui,  but  HNO^ 
und  other  niineml  neids  precipitate  it.  It  givea  the  xantho-proteic  reaction,  and  becoinea 
rcti  with  Millon's  ivagcut.  Occurrence. — It  occurs  in  saliva  (§  146),  in  bile,  iu  niucons  glands, 
accretions  of  niucotih  tnemhrams,  in  nuicoua  tisane,  in  synovia,  and  in  tendons.  [The  mucin- 
like  body  occurring  in  syun via,  v^lucb  rciuhTH  synovia  vitsuous,  is  «rtid  by  lljiunnai-aten  not  to 
bo  true  uiueui,  but  a  uuclco-aUmmin  containing  b  iwr  cent,  of  pbosphoiiij*.  |  rathologicully 
it  occurs  not  unfrequeutly  in  cystii  ;  in  the  animal  Kingdom^  espcially  iu  snails  and  in  lh« 
wkin  of  holotburianfe.  It  yields  hucin  «nd  7  jicr  cent,  of  tyroKin  when  it  is  decomposed  by 
prolonged  boiling  with  sulphnrie  acid.  Mucin  Ixduives  like  a  glncoaide  ;  nndrr  tlit*  uctioii 
of  dilute  TuiuemI  acids  wl  r  high  temperature,  it  hpHti^  up  into  an  albuniinoos  body  aud  a 
carhohydrale  {L<tbisch),  [The  pieripitatir  calletl  mucin  has  not  always  the  sarne  charftcters, 
aud^  iu  fact,  it  tlillVrii  according  to  tbc  animal  from  which  it  19  obtaiutKl  (Litndtcehr).  The 
»o-called  mucin  of  bile  is  pixiltabTy  a  nucleu-atbumin  i§  177).] 

2,  Nuclein  (§  *24).— .1/iV5tVR'r  gives  the  fornuda  Cj^H^pN^jPaOj, — contains  phosphoric  acid» 
which  cannot  be  jfojiarated  from  it  in  the  cold  by  dilute  neutral  acids.  It  is  slightly  soluble  in 
wat4T,  eosily  in  auunonia,  alkaline  carbonate^!,  strong  HNO3.  It  occui^  in  the  nuclei  of  pus 
and  hlood-corpu.'icles  (§22),  in  siieiimdozoidH,  yelk-spberea,  liver,  bmin,  and  milk,  yeaat,  fungi, 
and  many  seeds.  It  has  lesemblanceb  to  mucin,  and  h  perhiipa  an  intermeiliate  product  between 
albuuuu  and  lecithin  {HojfpcSet/ler).  It  is  pn-pared  by  the  artiticial  digestion  of  pu»,  when  it 
remains  aa  an  indtgestihte  residue  ;  acid^  precipitate  it  from  an  alkaline  solution,  It  gives  a 
fey  hie  xnutho-proteie  reaction  j  after  the  prolonged  at^ion  of  alkalies  aud  acid,  anhstancot^ 
siudlar  to  nlbuniin  and  syntonin  are  fonued,  Hypoxanthiu  and  guaniu  have  been  obtained  tm 
decoujpi^ition-products  from  it  {Kojtxl),  [A  prochict  intermediate  between  nuchdn  aud  hypo-* 
xanthin  i^  adenin.] 

3.  EertLtin  occurs  in  all  horny  aud  epitierrnic  tissuea  (t!]u'demde  scelejs,  hairs,  nails,  featbora) 
—C  60'3'52  5,  H  6  4-7,  N  16-2-17,  0  20-8-25,  S  07-5  jscr  wnt.— ia  soluble  in  killing  cauatic 
a1k&1ie«^  hut  swelU  up  iu  cold  conceiitiated  acetic  acid.  When  decomiwsed  by  H2SO4  it  yields 
10  per  cent,  lencin  and  3*6  per  cent.  tyro«in.     Neuno-keratin  (g  321). 

4«  Fihroin  is  aoluhle  in  atrong  alkaliea  and  mineral  acidSj  iu  animouio-iiulpb«tO  of  C4>|)p«r  ; 
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when  boiled  with  HaS04  it  yields  6  per  cent,  tyroaiu,  leucio,  and  glycin.     It  Is  the  chief  con- 
stituent of  the  cocoons  of  insects  ana  threads  of  spidera. 

5.  Spongin,  allied  to  fibroin,  occurs  in  the  bath -sponge,  and  yields,  as  decomposition -pro- 
ducts, leuciu  and  glycin  (Sfadeler). 

6.  Elastin,  the  timdamcntal  substance  in  elastic  tissue,  is  soluble  only  when  boiled  in  con- 
centrated caustic  potash— C  55-55-6,  H  7*l-77,  N  16-1-177,  O  19*2-2ri  per  cent.  It  yields 
36  to  45  per  cent,  of  Icucin  and  i  per  cent,  of  ty rosin.  [When  elastin  is  digested,  elastoees  are 
formed.] 

7.  Oelatin  (Olutin),  obtained  from  connective-tiflflues  by  prolonged  boiling  with  water ;  it 
gelatinises  in  the  cold— C  52-2-507,  H  6*6-7 '2,  N  17-9-18-8,  B  +  0  28-5-25  (8  0*7  per  cent.). 
[Some  authors  state  that  it  contains  no  sulphur.]  [The  ordinary  connective-tissues  are 
sui)poscd  to  contain  the  hypothetical  anhydride  collagen,  while  the  organic  basis  of  bone  is 
called  oasein.]  It  rotates  the  ray  of  polarised  light  strongly  to  the  left-  -  130**.  By  prolonged 
boiling  and  digestion,  it  is  converted  into  a  peptone-like  body  (gelatin-peptone),  which  does 
not  gelatinise  (§  161,  I.).  [It  swells  up,  but  does  not  dissolve  iu  cold  water;  when  dissolved 
in  warm  water,  and  tinged  with  Berlin  blue  or  carmine,  it  forms  the  usual  coloured  mass  which 
is  employed  by  histologists  for  making  fine  transparent  injections  of  blood-vessels.]  A  body 
resembling  gelatin  is  found  in  leukemic  blood  and  in  the  juice  of  the  spleen  (§  103,  I.).  When 
decomposed  with  sulphuric  acid  it  yields  glycin,  ammonia,  leucin,  biU  no  tyrosin.  [It  is 
precipitated  from  its  solutiou  by  alcohol,  mercuric  chloride,  metaphosphoric  acid,  phospho- 
tungstic  acid,  taurocholic  acid,  tannic  acid,  but  the  precipitate  with  the  last  does  not  occur 
when  salts  are  absent.  It  is  readily  soluble  in  dilute  acids,  even  in  acetic  acid.  When  boiled 
with  Millon*s  reagent,  it  is  not  coloured  red.  With  cupric  sulphate  and  caustic  soda  it  gives  a 
violet  colour,  which,  on  boiling,  becomes  light  red.  It  gives  no  colour  with  concentrated 
HaSO^  and  acetic  acid.  ] 

[Gelatin,  when  treated  with  superheated  steam  or  digested,  yields  intermediate  bodies, 
analogous  to  the  proteoses,  and  finally  a  gelatin-peptone  is  formed  (§  166,  III.),  which,  how- 
ever, differs  from  pro teid- peptone  as  follows  {Salkoicski)  : — 


l*rotcid  Peptone. 


!  Adamkiewicz'  reaction,       .       Violet. 
>  Addition      of      an      equal  j 

volume    of    concentrated  J-    Dark  brown. 
!       Ha  so,,  J 

Millon's  reaction,  Reddish      precipi- 

I  I       tate. 


Xantho-protcic  reaction, 


Deep  yellow. 


Gelatin. 

Yellowish. 
Yellow. 
Colourless. 
Lemon-yellow. 


(ielat  In- Peptone. 

Yellowish. 
Yellow. 
Colourless. 
Lemon-yellow. 


[According  to  the  analysis  of  Hofmeister,  the  percentage  composition   of  the  gelatinous 
substances  varies  within  the  following  limits  : — 


Gelatin  from  bone. 


Chondiin. 


Albumin. 


Carbon, 
Hydrogen, 
Nitrogen, 
!  Sulphur, 
i  Oxygen, 


49 -3 -50 -8 

6-5-   6-6 

17-5-18-4 

0-56? 
24-9-26-0 


477-50-2 
6-6-   6-8 

13-9-14-1 
0-4-   0-6? 

290-510 


50-0 -55-0 
6-6-   7-3 

160-19-0 
0-3-   2-4 

19  0-24-0] 


8.  Ghondrin  occurs  in  the  matt-ix  of  liyalinc  cartilage  and  between  the  fibres  in  fibro-cartilage. 
It  is  obtained  from  hyaline  cartilage  and  the  cornea  by  boiling.  [Its  solutions  gelatinise  on 
cooling.]  It  occurs  also  in  the  mantle  of  molluscs— C  49-.5-60-6,  H  6*6-7*l,  N 14-4-14-9,  S-t-0 
27  "2-29  (S  0*4  per  cent.).  When  boiled  with  sulphuric  acid  it  yields  leucin  ;  with  hydrochloric 
acid,  and  when  digested,  chondro-glucose  {Meissner) ;  it  belongs  to  the  glucosides  which  con- 
tain N.  When  actt-d  upon  by  oxidising  reagents  it  is  converted  into  gelatin  {Bravie).  The 
substance  which  yields  chondrin  is  called  chondrigen,  which  is  perha|)s  an  anhydride  of  chon- 
drin.  The  following  properties  of  gelatin  and  chondrin  are  to  be  noted  : — Oelatin  is  precipi- 
tated by  tannic  acid,  mercuric  chlonde,  chlorine  water,  platinic  chloride,  and  alcohol,  but  not 
by  acids,  alum,  or  salts  of  silver,  iron,  copper,  or  lead  ;  its  specific  rotation  is=  -  130^     [Com- 

Sarc  these  precipitants  with  those  of  albumin.]    Ghondrin  is  precipitated  by  acetic  acid^and 
ilute  sulpnuric  and  hydrochloric  acids,  by  alum,  and  by  salts  of  silver,  iron,  and  lead  jjts 
specific  rotation  —  -  213*. 
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[The  following  table  after  Halliburton  shows  the  chief  reactions  of  chondrin 
compared  with  those  of  mucin  and  of  gelatin  : — 


Solubilities. 


Acetic  acid. 
Mineral  acids. 

Tannic  acid. 

Mercuric  chloride. 

Lead  acetate. 

Ahim. 

When  decomposed  by 
boiling  with  dilute 
mineral  acids. 


Ohondrin. 


Insoluble  in  cold  water, 
alcohol,  or  ether. 

Soluble  in  hot  water ; 
such  solutions  set 
into  a  jelly  when 
cold. 

Gives  a  precipitate  in- 
soluble in  excess. 

Give  a  precipitate 
soluble  in  excess. 

Gives  a  ]>recipitate. 

Gives  a  precipitate. 

Gives  a  precipitate. 

Gives  a  precipitate. 

A  reducing  sugar  is 
formed. 


Oelatin. 


Insoluble  in  cold 
water,  alcohol,  or 
ether. 

Soluble  in  hot  water; 
such  solutions  set 
into  a  jelly  when 
cold. 

Gives  no  precipitate. 

Give  no  precipitate. 

(lives  a  precipitate. 
Gives  a  precipitate. 
Gives  no  precipitate. 
Gives  no  precipitate. 
No  reducing  sugar  is 
formed. 


Mucin. 


Insoluble  in  cold 
water,  alcohol,  or 
ether. 

Insoluble  in  hot 
water. 


Gives  a  precipitate 
insoluble  in  excess. 

Give  a  precipitate 
soluble  in  excess. 

Gives  no  precipitate. 

Gives  no  precipitate. 

Gives  a  precipitate. 

Gives  a  precipitate. 

A  reducing  sugar  is 
formetl. 


so  that  chondrin  possesses  the  reactions  of  gelatin  and  also  those  of  mucin.] 

[9.  Nucleo-albumins  are  compounds  of  proteids  (usually  globulins)  and  nuclein, 
and  occur  in  cell-protoplasm.  The  mucin -like  substance  in  bile  is  a  nucleo- 
albumin  (§  177).] 

10.  The  hydrolytic  ferments  have  recently  been  calleil  enzymes  by  W.  Kiihne,  in 
order  to  distinguish  them  from  organised  ferments,  such  as  yeast.  The  enzymes, 
hydrolytic  or  organic  ferments,  act  only  in  the  presence  of  water.  They  act  upon 
certain  bodies,  causing  them  to  Uike  up  a  molecule  of  water.  They  all  decomjxxse 
hydric  i)eroxide  into  water  and  O.  They  are  most  active  l)etween  SO**  to  35*  C, 
and  are  destroyed  by  boiling,  but  when  dry  they  may  Ije  subjected  to  a  tempem- 
ture  of  100**  without  being  destroyed.  Their  solutions,  if  kept  for  a  long  time, 
gradually  lose  their  properties,  and  undergo  more  or  less  decomixwition.  [It  ha.s 
been  proposed  to  apply  the  term  zymolysis  to  the  action  of  this  group  of  ferments 
(S,  Lea).] 

(a>  Sugar-forming,  amylolytic,  or  diastatic-ferment  occui-s  in  saliva  (§  148), 
imncreatic  juice  (§  170),  intestinal  juice  (§  183),  bile  (§  180),  blood  (§  22),  chyle 
(§  198),  liver  (§  174),  and  human  milk  (§  231).  Invertin  in  intestinal  juice  (§  183). 
Almost  all  dead  tis.sues,  organi<'.  fluids,  and  even  proteids,  although  only  to  a  slight 
degree,  may  act  diastatically.  Diastatic  ferments  are  very  generally  distributed  in 
the  vegetable  kinr/dom,  the  l)est  exami)le  Inking  diastase. 

(i;)'Proteol3rtic,  or  ferments  which  act  upon  proteids.— Pepsin  in  gastric 
juice  and  in  nuiscles  (§  166),  in  vetches,  myxomycetes  (Krulcenberg),  trypsin  in 
the  pancreatic  juice  (§  170),  a  similar  ferment  in  tlie  intestinal  juice  (§  183),  and 
urine  (S  264).  ' 

(c)  Fat-decomposing  in  pancreatic  juice  (§  170),  in  the  stomach  (§  166). 

(d)  MJlk-coagulatii^  rennet,  or  rennin,  in  the  stomach  (§  170),  and  perhai>8 
also  in  the  intestinal  juice  (?) — ( W.  Roberts). 

[(<?)  There  are,  however,  other  ferments,  e  //.,  coagulative  ferments,  e.g.y  fibrin 
ferment,  myosin  ferment,  and  a  ferment  from  Withanin  coagtdan^.] 

[The  imporUince  of  fermentative  processes  has  already  l^een  referred  to  in 
detail  under  "Digestion."  Ferments  are  bodies  which  excite  chemical  changes 
in  other  matter  with  which  they  are  ])rought  into  contact,  "without  apparently 
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undergoing  any  change  themselves,  or  at  least  they  do  not  enter  into  the  com- 
position of  the  final  jiroiluct.  -  They  are  divided  into  two  classes : — 

(1)  Unorganised;  soluble  or  non-living. 

(2)  Organised,  or  living.] 

[(1)  The  Unorganised  Ferments  are  those  mentioned  in  the  following  table. 
They  seem  to  be  nitrogenous  bodies,  although  their  exact  composition  is  unknown, 
and  it  is  doubtful  if  they  have  ever  been  obtained  perfectly  pure.  They  are 
present  in  many  secretions,  and  are  produced  within  the  body  by  the  vital  activity 
of  the  protopla.*<m  of  cells.  They  are  termed  soluble  because  they  are  soluble  in 
water,  glycerin,  and  some  other  substances  (§  148),  while  they  can  be  precipitated 
by  alcohol  and  some  other  reagents.  They  do  not  multiply  during  their  activity, 
nor  is  their  activity  prevented  by  a  certain  proportion  of  salicylic  acid.  They  are 
not  affected  by  oxygen  subjected  to  the  compression  of  many  atmospheres  (P,  Bert), 
They  are  nonrlimng.     Their  other  properties  are  i*eferre(l  to  alwve.J 

[The  unorganised  ferments  present  in  the  Ixxiy,  and  their  actions  (IF. 
Roherhi)  :— 


!     Fluid  or  TlAKncH. 


Fcmienl. 


Saliva, 


I 
Gastric  juice,  •{ 


II 


1.  Ptyalin  (§  148), 


1.  Pepsin,  . 

2.  Milk-curdling, 

3.  Lactic  acid  ferment, 

4.  Fat-splitting  (0, 


;  Converts  starch  chiefly  into  maltose. 

(  Converts  proteids  into  i>cptones  in  an  acid 

!  ^  medium,    certain    bye-products    being 

\  I  formed  (§  166). 

I  Curdles  cusein  of  milk. 

!  Splits  u])  milk-sugar  into  lactic  acid. 
Splits  up  fats  into  glycerin  and  fatty  acids. 


Pancreatic 
juice 


1.  Diastatic  or  amylopsin,   . 

2.  Tryiwin, 


Converts  starch  chiefly  into  maltose. 

Changes   proteids    into    peptones    in    an  > 

.  :  I      alkaline  medium,  certain  bye-products  ! 

M      being  formed  (§  170).  1 

3.  Emulsive  (?),  .         .         .     '  Emulsifles  fats.  I 

4.  Fat-splitting  or  steapsin,         Splits  fats  into  glycerin  and  fatty  acids.  ' 

5.  Milk-curdling,         .  Curdles  casein  of  milk. 


I 


Intestinal 


I 


juice. 


1.  Diastatic, 

2.  Proteolytic, 
I  .  3.  Invertin, 

I.    4.  Milk-curdling, 


f 


!  Blood,     .  .  ^ 

I  Chvle,     .  .  ! 

i  Liver  (?),  .  1 

:  Milk,    .  .  i 

Most  tissues,  .  j 


Does  not  form  maltose,  but  maltose  is 

chtinged  into  glucose  {%  183). 
Changes  fibrin  into  peptone  (?). 
Changes  cane-  into  grape-sugar. 
(?  in  small  intestine). 


Diastatic  ferments. 


Muscle, 
Urine, 


j-  Pe2)sin  and  other  ferments. 


Blood, 


Fibrin  ferment. 


I 


[(2)  The  Organised  or  living  ferments  are  represented  by  yeast  (§  235).  Other 
living  ferments  belonging  to  the  schizoniycetes,  occurring  in  the  intestinal  canal, 
are  referred  to  in  §  184.  Yeast  causes  fermentation  by  splitting  up  sugar  into  CO2 
and  alcohol  (§  150),  but  this  result  only  occurs  so  long  as  the  yeast  is  living. 
Hence,  its  activity  is  coupled  Avith  the  vitality  of  the  cells  of  the  yeast.  If  yeast 
be  l>oiled,  or  if  it  be  mixed  Avith  carbolic  or  salicylic  acid,  or  chloroform,  all  of 
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whicli  destroy  its  activity,  it  c^iimot  produce  the  alcoliolic  fermentation.  As  yet 
no  one  has  succeeded  in  extracting  from  yeast  a  substance  which  will  excite  the 
alcoholic  fermentation.  All  the  organised  ferments  grow  and  multiply  during 
their  activity  at  the  expense  of  the  substances  in  which  they  occur.  Thus  the 
alcoholic  fermentation  depends  upon  the  "  life  "  of  the  yeast.  They  are  said  to  be 
killed  by  oxygen  subjected  to  the  comi)ression  of  many  atmospheres  (P.  Bert),  But 
it  is  important  to  note  that  Hoppe-Seyler  has  extracted  from  dead  yeast  (killed  by 
ether)  an  unorganised  ferment— invcrtin — which  can  change  cane-sugar  into  grape- 
sugar.] 

11.  Hsemoglobin,  the  colouring-matter  of  blood,  which,  in  addition  to  C,  H,  O, 
N,  and  S,  contains  iron,  may  be  taken  with  the  albuminoids  or  with 
the  pigments  (§11).     [HaBmocyanin  (g  32).] 

(3)  Glucosides  containing  Nitrogea 

In  addition  U^  chondrin,  the  following  glucosides  containing  nitrogen,  when 
subjected  to  hydrolytic  jirocesses,  may  combine  with  water,  and  form  sugar  and 
other  8ubstan(;es : — 

Oerebrin  (§  322) «-  CayHjioNaOoo  {Groglugan).  [Parens  lias  shown  that  cerebrin  as  originally 
prepared  by  W.  Miiller  is  a  mixture  of  three  bodies,  viz.,  cerebrin,  homocerebrin,  and 
encephftlin.] 

Protagon— C  66  29,  II  10-69,  N  2-39  P  r068  per  cent,  [empirical  formula,  CigoHaoaNaPOgg] 
—occurs  in  nerves,  and  contains  phosphorus  (§  322). 

Ohitlii,  2(Ci5H2^N20,o),  is  a  glucoside  containing  nitrogen,  and  occurs  in  the  cutaneous 
coverings  of  arthropoda,  and  also  in  their  intestine  and  trachete  ;  it  is  soluble  in  concentrated 
acids,  «.gr.,  hydrochloric  or  nitric  acid,  but  insoluble  in  other  reagents.  According  to  Sandwick, 
chitiu  is  an  amin-derivative  of  a  carbohydrate  with  the  general  formula  n(C,2H-oO,o).  The 
hyalin  of  worms  is  closely  related  to  chitin.  (Solanin,  aniygdalin  (§  202),  and  salicin,  &c.,  are 
glucosides  of  the  vegetable  kingdom.) 

(4)  Colouring  Matters  containing  Nitrogea 

Their  constitution  is  unknown,  and  they  occur  only  in  animals.  They  are  in 
all  probability  derivatives  of  haemoglobin.  They  are — (1)  Hsemoglobin  with 
its  derivatives :— hffimatin  (§  18,  A),  myohsematin  (§  233,  §  292),  histo-hsematin 
(§  103,  lY.),  and  hffimatoidin  (§  20).  (2)  Bile-pigments  (§  177,  3).  (3)  Urine- 
pigments  (except  Indican).  (4)  Melanin— C^^. 3,  H3,  N^.^  O^g-e— or  the  black 
pigment  which  occurs  partly  in  epithelium  (choroid,  retina,  iris,  and  in  the  deep 
layers  of  epidermis  in  coloured  races)  and  partly  in  connective-tissue  corpuscles 
(Lamina  fuscu  of  the  choroid).  [It  is  probable  that  there  are  several  melanins.] 
I  Turacin  occurs  in  the  red  feathers  of  Corythaix  Buffoni,  Cape  lory,  or  Plantain- 
Eater.  Its  ash  contains  nearly  6  i)er  cent,  of  copper  {Church),  The  reddisli 
spots  or  parts  of  feathers  burn  with  a  green  flame.] 

(5)  Colouring  Matters  containing  no  Nitrogen. 

[The  lipochromes  are  fatty  jjigments,  and  are  very  numerous.  They  are 
soluble  in  ether,  and  alcohol-like  fats,  they  give  certain  absorption  bands  in  the 
spectrum  and  yield  colour-reactions  with  iodine  or  sulphuric  acid,  or  with  both 
these  reagents  together  (i^i  384).  Amongst  them  are  lutein,  the  yellow  pigment  of 
the  corpus  luteum,  tetronerythrin,  the  red  pigment  in  the  shell  of  crustaceans 
(§  32),  the  chromophanes  of  th(>  retinal  cones  (J5  384),  and  visual  purple 
(§384).] 

n.  Organic  Acids  free  from  Nitrogen. 

(1)  The  fatty  acids,  with  the  formula  C„H.,n.,0(OH),  occur  in  the  body  partly 
free  and  partly  in  combination.  Free  volatile  fatty  acids  occur  in  decomposing 
cutaneous  secretions  (sweat).  In  combination,  acetic  acid  and  caproic  acid  occur 
as  amido-com[K)unds  in  glycin  ( =  amidivacetic  acid)  and  leucin  ( >■  amido-caproic 
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acid).     More  especially  do  they  occur  united  with  glycerin  to  fonn  neutral  fats, 
from  which  tlie  fatty  acid  is  again  set  free  by  pancreatic  digestion  (§  170,  III.). 

(2)  The  acids  of  the  acrylic  acid  Beries,  with  the  formula  CnHsn-,0(HO),  are  represented  in 
the  body  by  one  acid,  oleic  add — Ci(,H8402 — which  in  combination  with  glycerin  yields  the 
neutral  fat  olein. 

251.  Fats. — (1)  Neutral  fats  occur  very  abundantly  in  animals,  but  they  also 
occur  in  all  plants  ;  in  the  latter  more  especially  in  the  seeds  (nuts,  almonds,  cocoa- 
nut,  poppy),  more  rarely  in  the  pericarp  (olive)  or  in  the  root.  [The  chief 
neutral  fats  found  in  the  body  are  tripaknitin,  03X15(0.  CifiH3jO)3,  tristearin 
031X5(0. Oj8HQ50)g  are  solid  fats  and  are  held  in  solution  at  the  temperature  of  the 
body  by  triolein,  03H5(0.0,gH330)3.  Tributyrin,  03H5(O.O^H70)3  is  found  in 
butter.]  They  are  obtained  by  pressure,  melting,  or  by  extracting  them  with 
ether  or  boiling  alcohol.  They  contain  much  less  0  than  the  carbohydrates, 
such  as  sugar  and  starch ;  they  give  a  greasy  spot  on  paper,  and  when  shaken 
with  colloid  substiinces,  such  as  albumin,  they  yield  an  emulsion.  When  treated 
with  superheated  steam  or  with  certain  ferments  (p.  307,  III.),  they  take  up 
water  and  yield  glycerin  and  fatty  adds,  and  if  the  latter  be  volatile  they  have 
a  rancid  odour.  Treated  with  caustic  alkalies  they  also  take  \i\)  water,  and  are 
decomposed  into  glycerin  and  fatty  acids  ;  the  fatty  acid  unites  with  the  alkali 
and  forms  a  soap,  while  glycerin  is  set  free.     The  soap-solution  dissolves  fats. 

[The  following  table  from  Halliburton  indicates  some  of  the  differences 
between  tluj  neutral  fats  of  the  bodv  : — 


Stearin. 

Palmitin. 

Olein. 

C,H«(O.C,«Ha50)3. 

CsH^CO.CgHjiO).,. 

C,H,(O.C,8H^O)3. 

Mr.Ui7ig-pomt.— 5^-66''  C. 

45^  C. 

O'-C. 

Solubilities. — Nearly  insoluble  in 

More  soluble  than  stearin 

Easily  soluble  in  both  hot 

cold      alcohol      and      ether. 

in    both    hot    and    cold 

and    cold    alcohol    and 

Soluble  in  both  when  hot. 

alcohol  and  ether. 

ether. 

Remarks,  —  The    chief  consti- 

More    abundant     in     the 

Dissolves  all  the  solid  fata, 

tuent  of  the  more  solid  Jats 

adipose    tissue    of    man 

especially    at  30**  C,   or 

(like  mutton  suet). 

than  stearin. 

above;  it  is  thus  this  fat 

It  crystallises  from  alcohol  in 
brilliant  quadrangular  plates. 

It      crystallises      in     fine 

which   holds    the    other 

needles. 

two  in  solution    at  the 

temperature  of  the  body. 

Glycerin  is  a  tri-atomic  alcohol,  C^]i.J^OW)^,  and  unites  with  (1)  the  following  monobasic 
fatty  acids  (those  occurring  in  the  body  are  printed  in  italics): — 


1.  Formic, 

2.  Acetic, 

3.  Propionic,    . 

4.  Butyric, 
[Isobutyric, 

5.  Valerianic, 

6.  Caproic, 


Adds. 


CH0O2 
C3H4O, 
CaHA 
C4H3O, 
C4H8O0] 

C«H,A 


Acids. 

7.  CEnanthylic, 

8.  Caprylic, 

9.  Pelargonic, 

10.  Capric,  . 

11.  Laurostearic, 

12.  Myristic, 

13.  Palmitic, 


CVHiA 


AcldH. 
[Margaric, 
is  a  mixture 
ofl3andl4.] 

14.  Stearic,    . 

15.  Arachiuic. 

16.  Hyanic,  . 

17.  Cerotinic, 


C2o£l4ov/4| 


The  acids  fonn  a  homologous  series  with  the  formula  C„H3n-iO(OH).  With  every  CHj 
added  their  boilm^-2)oint  rises  19^  Those  containing  most  carbon  are  solid,  and  non-volatile  ; 
those  containing  less  C  (up  to  and  including  10)  are  fluid  like  oil,  have  a  burning  acid  taste, 
and  a  rancid  odour.  The  earlier  members  of  the  scries  may  be  obtained  by  oxidation  from  the 
later,  by  CHj  being  removed,  while  COa  and  HgO  are  formed  ;  thus,  propionic  acid  is  obtained 
from  butyric  acid.  Nos.  13  and  14  are  found  in  human  and  animal  fat,  less  abundant  and 
more  inconstant  are  12,  11,  6,  8,  10,  4.  Some  occur  in  sweat  (§  287)  and  in  milk  (§  231).  Many 
of  them  are  developed  during  the  decomposition  of  albumin  and  gelatin.  Most  of  the  above 
(except  15  to  17)  occur  in  the  contents  of  the  large  intestine  (§  185). 

(2)  Glycerin  also  unites  with  the  monobasic  oleic  acid,  which  also  forms  a  series,  whoso 
general  formula  is  CDH3n-80(OH) ;  and  they  all  contain  2H  less  than  the  corresponding 
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jnem\>en  of  tbe  fatty  acid  series.  The  corresponding  fatty  acids  can  be  obtained  from  the  oleic 
acid  series  and  vice  vcrsd.  Oleic  acid  (olein-elainic  acid),  CjgH^O,,  is  the  only  one  fonud  in 
tbe  organism  ;  united  with  glycerin,  it  forms  the  fluid  fat,  olein.  Tbe  fat  of  new-bom  children 
contains  more  glyceride  of  palmitic  and  stearic  acid  than  that  of  adults,  which  contains  more 
glyceride  of  oleic  acid.  Oleic  acid  also  occurs  united  with  alkalies  (in  soaps)  and  (like  some 
fatty  acids)  in  the  lecithins  (§  23).  If  lecithin  be  acted  on  with  barium  hydrate,  we  obtain 
insoluble  stearic,  or  oleic,  or  palmitic  acids  and  barium  oleate,  together  with  dissolved  nenrin 
(g  322,  b)  and  baric  glycero-phosphate.  Lecithin  is  regarded  as  glycero-phosphate  of  neurin,  in 
which  in  the  radical  of  glycero- phosphoric  acid  2  atoms  H  are  re|>laced  by  2  of  stearic, 
palmitic,  or  oleic  acids.  It  appears  as  if  there  were  several  lecithins,  of  which  the  most  abun- 
dant are  the  one  with  stearic  acid  and  that  with  palmitin  +  oleic  acid  radical  {Diakmwic). 
lecithin  occurs  in  the  blood -corpuscles  (§  23),  semen,  aud  nerves.  Neurin  is  constantly  present 
in  fungi. 

The  neutral  fiatB  [palmitin,  stearin  (both  solid),  and  olcin  (fluid)],  the  glycerides  of  fatty  acids, 
and  of  oleic  acid,  are  triple  ethers  of  the  triatomic  alcohol  glycerin.  With  the  neutral  fats 
may  be  associated  glycero-phoephoric  add,  an  acid  glycerin  ether,  formed  by  the  union  of 
glycerin  and  phosphoric  acid,  with  the  giving  off  of  a  molecule  of  water  (CaH^POj) ;  it  is  a  decom- 
I>06ition -product  of  lecithin  (§  23). 

(3)  The  glycolic  adds  (acids  of  the  lactic  acid  series)  have  the  formula  CnHjo-aOyOH)^ 
They  are  formed  by  oxidation  from  the  fatty  acid  series  by  substituting  OH  (hydroxyl)  for  one 
atom  of  H  of  the  fatty  acids.  Conversely,  fatty  acids  may  be  obtained  from  tbe  glycolic  acids. 
Tlie  following  acids  of  this  series  occur  in  the  body  : — 

(a)  Carbonic  Acid  (oxy-formic  acid),  CO(OH), ;  in  this  form,  however,  it  forms  salts  only. 
Free  carbonic  acid  or  carbon  dioxide  is  an  anhydride  of  the  same  ^COj. 

{h)  Olycolic  Acid  (oxy-acetic  acid),  CjHjiOtOH),  does  not  occur  free  in  the  body.  One  of  its 
compounds,  glydn  (glycocoU,  amido-acetic  acid,  or  gelatin -sugar),  occurs  as  a  conjugate  acid, 
viz.,  as  glycocholic  acid  in  the  bile  (§  177,  2),  and  as  hippuric  acid  in  the  urine  (§  260).  Olycin 
exists  in  complex  combination  in  gelatin. 

(c)  Lactic  Acid  (oxy-propionic  acid),  C3H40(OH)2,  occurs  in  the  body  in  two  isomeric  forms 
— 1.  The  ethylidene  lactic  acid,  which  occurs  in  two  modifications — as  the  right  rotatory 
sarcolactic  acid  (paralactic),  a  inetalK>lic  product  of  muscle  ;  and  as  the  onlinary  optically  in- 
active product  of  "  lactic  fermentation,"  which  occurs  in  gastric  juice,  in  sour  milk  (sauerkraut, 
acid  cucuml>er),  an«l  vaw  be  obtained  by  fermentation  from  sugar  (§  184).  2.  The  isomer, 
ethylene-lactic  acid,  occurs  in  the  watery  extract  of  muscles  (§  293). 

{(1)  Leucic  Acid  (oxy-caproic  acid),  CgHjaO,,  does  not  occur  as  such,  but  only  in  the  form  of 
one  of  its  derivatives,  leucin  (amido-caproic  acid),  as  a  product  of  the  metabolism  in  many  tissues, 
and  is  formed  during  iiancreatic  digestion  (§  170,  II.).  Leucic  acid  may  be  prepared  from 
leucin,  and  glycolic  acid  from  glycin,  by  the  action  of  nitrous  acid. 

(4)  Acids  of  tbe  Oxalic  Acid  or  Succinic  Acid  Series,  having  the  formula  CnH^-^O^OH)^ 
are  bi-basic  acids,  which  are  formed  as  completely  oxidised  products  by  the  oxidation  of  fatty 
acids  and  glycolic  acid,  water  being  removed.  It  is  important  to  note  their  origin  from  8ul>- 
stances  rich  in  carbon,  e.g.,  fats,  caroohydrates,  and  proteids. 

(a)  Oxalic  Add,  C.^Os(OH),,  arises  from  the  oxidation  of  glycol,  glycin,  cellulose,  sugar, 
starch,  glycerin,  and  many  vegetable  acids — it  occurs  in  tne  urine  as  calcium  oxalate 
(§  260]. 

(6)  Succinic  Add,  C4H402(OH)2,  has  been  found  in  small  amount  in  animal  solids  and  fluids, 
spleen,  liver,  thymus,  thyroid  ;  in  the  fluids  of  echinococcus,  hydrocephalus,  aud  hydrocele,  and 
more  abundantly  in  dog's  urine  after  fatty  and  flesh  food  ;  in  rabbit's  urine  after  feeding  with 
yellow  turnips.     It  is  also  formed  in  small  amount  during  alcoholic  fermentation  (§  150). 

(5)  Gholalic  Acid  in  the  bile  (§  177)  and  in  the  intestine  (§  182). 

(6)  Aromatic  Acids  contain  the  radical  of  benzol.  [Benzene  or  benzol,  with  the  formula 
CgHg,  is  the  origin  of  the  aromatic  group,  so  called  because  many  of  the  derivatives  of  this 
body  have  aromatic  properties.  One  or  more  of  the  atoms  of  hydrogen  can  be  replaced  by 
more  or  less  complicated  radicals.]  Benzoic  Acid  ( «  phenyl-formic  acid)  occurs  in  urine  united 
with  glycin,  as  hippuric  acid  (§  260). 

UL  Alcohols. 

Alcohols  an*  iKxiics  which  originate  from  carlx)]iydi*ati\s,  in  which  the  radical 
hydroxyl  (IIO)  Ih  Huhstitutod  for  one  or  more  atoms  of  H.     They  may  be  also 

regarded   as    water,  jj  [  0,  in  which  the*  half  of  the  H  is  replaced  hy  a  CH  eoni- 

V  H     1 

l)oun(l.     Thus,  C^Hjj  (etliyl-hy<l ride)  piusses  into    ''^  ^   >  0  (ethyhc  alcohol). 

CHI 
(a)  Gholesterin,    -^  h^  [  ^)  i^  ^  ^^'"®  mon atomic  alcohol,  and  occurs  in  blood,  yelk,  brain. 
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bile  (§  177,  4),  aud  generall}'  in  vegetable  cells ;  it  is  the  only  solid  monatomic  alcohol  in 
the  body. 

roH 

(/>)  Glycerin,  C^UA  OH,  is  a  triatomic  alcohol.     It  occnrs  in  neutral  fats  united  with 
I  OH 
fatty  acids  and  oleic  acid ;  it  is  formed  by  the  splitting  up  of  neutral  fats  during  pancreatic 
digestion  (§  170,  III.))  and  during  the  alcoholic  fermentation  (§  150). 

{e)  Phenol  ( '"phenylic  acid,  carbolic  acid,  ozy-beuzol)  (§  184,  III.). 

(d)  Pyrokatechin  («dioxy benzol)  (§  252). 

{e)  The  Sngan  are  closely  related  to  the  alcohols,  and  they  may  bo  regarded  as  polyatomic 
alcohols.  Their  constitution  is  unknown.  Together  with  a  series  of  closely-relatea  bodies 
they  form  the  great  group  of  the  carbohydrates,  some  of  which  occur  in  the  animal  body,  while 
others  are  widely  distributed  in  the  vegetable  kingdom. 

252.  THE  GABBOHYDRATES.— Occur  in  plants  and  animals,  and  receive 
tlieir  name,  because  in  addition  to  C  (at  least  6  atoms),  they  contain  H  and  0,  in 
the  j)roportion  in  which  these  occur  in  water.  They  are  all  solid,  chemically 
indili'erent,  and  without  odour.  They  have  either  a  sweet  taste  (sugars),  or  can 
be  reiidily  changed  into  sugars  by  the  action  of  dilute  acids;  they  rotate  the 
my  of  polarised  light  either  to  the  right  or  left ;  as  far  as  their  constitution  is 
concerned,  they  may  be  regarded  as  fatty  bodies,  or  as  hexatomic  alcohols,  in  which 
2H  are  wanting. 

Small  quantities  of  carbohydrates  occur  in  nearly  all  animal  tissues.  Under  certain  condi- 
tions of  nutrition,  there  is  reason  to  believe  that  complex  organic  constituents  of  our  tissues,  eg,, 
proteids,  split  up  into  a  nitrogenous  body  from  which  urea  is  readily  formed,  and  a  non-nitro- 
genous carbon-containing  residue,  and  from  the  latter  fat  or  carbohydrates  may  be  formed 
(§  241).  Carbohydrates  are  formed  from  fats  in  the  germination  of  oleaginous  seeds,  oxygen 
being  absorbed  in  the  process. 

TUey  are  divided  into  the  following  groujw  :— 

I.  IMviBion.— Olncoeee  (CeHwOg). — (1)  Orape-engar  (glucose,  dextrose,  or  diabetic  sugar) 
occurs  in  minute  quantities  in  the  blood,  chyle,  muscle,  liver  (?),  urine,  and  in  large  amount  in 
the  urine  in  diabetes  mellitus  (§  175).  It  is  formed  by  the  action  of  diastatic  ferments  upon 
other  carbohydrates,  during  digestion.  In  the  vegetable  kingdom  it  is  extensively  distributed 
in  the  sweet  juices  of  many  fruits  and  flowers  (and  thus  it  gets  into  honey).  It  is  formed  from 
cane-sugar,  maltose,  dextrin,  glycogen,  and  starch,  by  boiling  with  dilute  acids.  It  crystallises 
in  warty  masses  with  one  molecule  of  water  of  crystallisation  ;  unites  with  bases,  salts,  acids, 
and  alcohols,  but  is  easily  decomposed  by  bases  ;  it  reduces  many  metallic  oxides  (§  149). 
Fresh  solutions  have  a  rotatoiy  power  of  +  106*.  Hy  fermentation  with  yeast  it  splits  up  into 
alcohol  and  COj  (§  150)  ;  with  decomposing  proteids  it  splits  into  2  molecules  of  lactic  acid 
(§  184,  I.);  the  lactic  acid  splits  up  under  the  same  conditions  in  alkaline  solutions,  into 
butyric  acid,  CO..  and  H.  For  the  qualitative  and  quantitative  estimation  of  glucose,  see  §  149 
and  §  150.  In  alcoholic  solution,  it  forms  very  insoluble  compounds  with  chalk,  barium,  and 
potassium,  and  it  also  forms  a  crystalline  compound  with  common  salt  (Estimation,  §  150). 

(2)  Oalactoee,  obtained  by  boiling  milk-sugar  (lactose)  with  dilute  mineral  acids ;  it 
crystallises  readily,  is  very  fermentable,  and  gives  all  the  reactions  of  glucose.  When  oxidised 
with  nitric  acid  it  becomes  transformed  into  mucic  acid.  Its  sjiecific  rotatory  power  — 
+  88•08^ 

(3)  Laevnlose  (left-fruit-,  invert-,  or  mucin-sugar)  occui-s  as  a  colourless  syrup  in  the  acid 
juices  of  some  fruits  and  in  honey  ;  is  non-crystnllisable,  and  insoluble  in  alcohol  ;  specific 
rotatory  power  =  -  106*.  It  is  fonned  normally  in  the  intestine  (§  183),  and  occurs  rarely  as  a 
l)athological  product  in  urine. 

n.  IHviaion. — This  contains  carbohydrates  with  the  formula  CigHj^Oi,,  and  its  members 
may  be  regarded  as  anhydrides  of  the  first  division— 1.  Hilk-flngar  or  lactose  occurs  only  in 
milk,  crystallises  in  cakes  (with  1  molecule  of  water)  from  the  syrupy  concentrated  whey  ;  it 
rotates  polarised  light  to  the  right  =  ■t-59'3,  and  is  much  less  soluble  in  water  and  alcohol  than 
grai)e-sugar.  When  boiled  with  dilute  mineral  acids  it  passes  into  galactose,  and  can  be 
directly  transformed  into  lactic  acid  only  by  fermentation  ;  tne  galactose,  however,  is  capable  of 
undcr|(oing  the  alcoholic  fermentation  with  yeast  (Koumiss  preparation,  §  231).  For  its 
quantitative  estimation  (§  231).     Rare  in  urine  (§  267). 

2.  Maltoee  (C]3H230i,)-f  H^O  {0* Sullivan)  has  1  molecule  of  water  less  than  grape-sugar 
{Oy^W^^{\^iy  is  formed  during  the  action  of  a  diastatic  ferment,  such  as  saliva  ui)on  starch 
(§  148)  ;  is  soluble  in  alcohol,  right-rotatory  power  «■  -f  150°  ;  it  is  crystalline,  while  its  re- 
ducing power  is  only  two-thirds  that  of  dextrose.  [The  ratio  of  the  reducing  power  of  maltose 
to  that  of  glucose  is  100  to  66.] 

(3.  Saccharose  (cane-angar)  orxiurs  in  sugar-cane  and  some  plants ;  it  does  not  redoce  a 
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sotiiiion  of  copper,  is  in&olul>lo  in  alcohol,  is  riglit-mtat^ry   and  not  cnmble  of  fi^rmentntioiiaj 
Whoji  boiled  witli  tlilnto  ncidg,  it  Uet:oiiieu  changed  into  o  mixtiire  of  enailj*  fcriTicntjibUi  ^Uicos 
(ri^bt  riitatovy)  ami  kevnlosc  (invert  sugar,  ^  183,  fj,  mid  §181,   L,  7),  wlikh  fonncnta  wit* 
difficulty  ajuris  Itft-rotatorj^  (§  1S3).    When  oxidised  with  nitrie  acid,  it  lassps  into  glucie  acid 
ail*  I  oxalic  ncid. ) 

m.  Division, — This  contatiis  c&i-boliyd ratios,   with  tho  formula  (C^Hj^O^)!!,  ntuch  laiiy  Iti 
legarded  as  auhyfl rides  of  the  second  division, 

L  Glycogen/with  n  dextro  routory  power  of  2 IT,  does  not  redact  cnpric  oxide.     U  ooctici 
in  tlic  liver  (^  174),  miisclej*,  many  embryonic  tiBsiieSj  the  embryonic  ari'a  of  the  chick  (Killi[ 
in  normal  und  pathological  opithuliiim  ;  in  dinbetic  persons  it  is  widfly  distrilmteil ;  hrainti 
panereaa,  und  cartiUt^e  ;  and  in  the  spleen,  |wincrea.St  kidney,  ovnni,  brain,  and  blood,  togethorl 
with  n  fimall  amonnt  of  ghieos«  {Part/}.     It  idao  occnm  in  the  oyster  and  some  of  the  mollufics 
(Bizio)^  and  indeed  in  all  tisanes  anil  clftSRes  of  the  animal  kin^^loin, 

2.  Deitrin  was  discovered  by  Lirnprii'lit  in  the  ninscles  of  the  lioi-se,     It  is  rif»bt -rotatory 
+  138',  Bohibh'  in  watdr,  and  fonns  fi  very  sticky  solution,  from  which  it  is  prt'cipitated  h^ 
nleoboi  or  artitit*  acid;  it  is  tinged  red  lirovvn  with  iodine.     It  is  formed  in  roasted  sturcb 
(hence  it  ocem^  in  large  r|unntity  in  the  crust  of  Viread — see  Brend^  %  *234),  froni  starch  by  diluti 
acids,  And  in  the  boiiy  by  the  action  of  bamentH  [i  H8).     It  is  formed  from  oeliulojw?  by  \~ 
action  of  dilute  snljfhuric  acid.     It  oncui?*  in  berr,  iiinl  is  found  in  the  juices  of  most  phmls. 

(3.  Amylum  or  Starch  occurs  iu  the  "meally"  parts  of  many  plants,  is  forint'd  within 
vegetable  cells,  oud  consists  of  concentric  layers  with  an  eccentric  nncluus  (lig.  18*5).  Th«? 
diameter  and  characters  of  starch-grains  vary  greatly  with  the  phmt  from  which  they  arp 
derived.  At  72"'  C.  it  swells  u]>  in  water  nnd  forms  a  nnicikge  ;  in  the  coldj  iodine  colours  it 
hint-;  Starch 'grains  always  contain  more  or  less  cellulose  and  a  suhstance,  eiytbtograntiJoee, 
which  is  coloured  red  with  iodijie  (§  148).  It  and  glymgen  are  transfornieil  into  dextrase  by 
certain  digestive  ferments  in  the  saliva,  imncreatic,  nnd  intestinal  juices,  and  nrtificially  by 
iMultng  with  ddute  sulphuric  acid.) 

(4.  G-iim,  C|oH,joO,(,  occurs  in  vegetahb'  niiccn  (especially  in  scaciie  and  mimosie),  nlso  in  tlu? 
Btilivary  glands,  mucous  tissue,  lun^s,  and  mine  ;  is  ^uirtlv  soluble  in  water  (arjihin),  partly 
KW<dl.4  up  like  mucin  (liasaorin).  Alcohol  precipitates  it.  It  ia  frrraentable,  and  when  tx>Ucd 
uith  dilute  acid  yields  a  rctlucing  sugar.) 

(5.  Inulin,  a  crystalline  powder  occurring  in  the  root  of  cbleory,  dandelion,  and  specuilly  In 
the  bulhy  of  the  dahlia  ;  it  is  not  coloured  blue  by  iodine.) 

(6.  Lichenin  occurs  in  the  iiitercidbilftv  su^istancc  of  Iceland  moss  (Cetmria  islandica)  and 
algfe  ;  is  tiansformeJ  into  glucose  by  dilnte  sulphuric  acid,) 

(7.  Faramylum  occurs  in  the  form  of  granules  resembling  stArch,  in  the  infusonaji,  Eujjlcua 
nriflis.) 

(8,  GeUnloee  ru'curs  in  the  c^ll-walls  of  all  plants  (in  the  exo-skeleton  of  artliropodA,  and 
the  skin  cf  snakes)  ;  soluble  only  in  ammonio-cupric  oxide  ;  rendered  IdvR'  by  sulphurir       •  ' 
and  iodine,      Ikuled  with  dihite  sulphitric  acid,   it  yields  dextrin  and  glucose.     Coucenir 
nitric  add  mixed  with  snltdiune  acid    changes  it   (cotton)  into  nitro-rellulose  (guit-t;i>U' <■ 
Cj,Hy(N0.j).tO5,  which  dissolves  in  a  tnixture  of  ether  nnd  alcohol  and  forms  collodion, 

(9.  Tunicin  bt  «  substance  resembling  cellulose^  and  occurs  in  the  integument  of  the  Tunicate 
or  Ascidians.)  ~ 

IV.  Division.  —This  contains  the  ciirbohyd rates  wbieh  do  not  ferment 

1.  luosit — CrtHj^O^j — (pba.*R^o-mannit,  muscle'Sngur)  occurs  in  mnscle  {»SV/K?rr)»  In 
spleen,  kiiluf  y,  brain  of  ox.  human  kidney  ;  pathologically  in  urine  ami  the  fluid  of  &  1 
In  the  A'egetable  kingilom,  iu  bea»KS  (legununosie).  and  the  juici'  of  the  grape.  It  is  an 
grape-sugar  ;  oplkally  it  \h  inactive,  crystal lisej*  in  warts  with  2  molecules  of  water,  in  Ion 
tnonoclinic  crystals  ;  it  has  a  aweet  taste,  is  insoluble  in  water^  does  not  give  Troraincr'a 
action,  is  cajiable  of  undergoing  otily  the  sarcolactic  acid  fermentation.  (Nearly  allied  «ft 
Sorbin,  from  sorbic  ai:id— Scyllit,  from  the  intestines  of  the  hag-iish  end  skate — and  Eac«tin« 
arising  from  the  fermentation  of  inelitose.)  [Some  authors  however  iuclnde  these  with 
glncosei.] 

[Qlycnronio  add,  CrtH,^,0,,  s4Huns  to  he  related  to  the  carbohydrntes.  It  occui-s  in  the  nrii 
asapotossinm  salt  (0^11  „0--K),  and  is  found  iu  large  quantity  in  the  urine  after  the  admiul 
tration  of  chloral,  chloroform,  bntylchloral.  &e,  It  reduces  alkaline  solutions  of  copper,  «.j 
Fehling'a  solution,  and  is  apt,  therefore,  to  be  iiiistakeu  for  dextrose  (|  262).  It«  nowe? 
does  not  undergo  the  silcohobc  fi?r mentation  as  dextrose  does.] 

17.  Derivativos  of  Anunonia  and  their  Ckimpounds. 

The  ammonia  derivatives  are  obtained  ftom  the  proteids,  and  are  decomxioaitioti-|irodiiel9 1 
their  metabolism, 

(I)  Amines,  7.^.  comuound  ammonias  which  can  be  obtained  from  ammonia  (NH)j  or  ttam 
ammonium-hydroxide  (NH^  -  OH),  by  replacing  one  or  all  the  atoms  of  H  by  groups  of  ^iirbo' 
hydrates  (alcohol  radicals).     The  amine  derived  from  one  molecule  of  ammoulji  b  callod  rntijt 
mine.     We  are  only  ac<tuaintGd  with 
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H  ^  CH3) 

Methylamine  H   VN  and  Tri-Methylamine  CH,  ^N, 

CH3J  .CH,j 

as  decomposition-products  of  clioliu  (neurin)  and  of  kreatin.     Neurin  occurs  in  lecithin  in  a 
very  complex  combination  (see  Lecithin,  p.  474,  and  also  §  23). 

(2)  Amides,  i.e.  derivatives  of  acids  which  have  exchanged  the  hydroxyl  (HO)  of  the  acids 
for  NHj  (Araidogen).  Urea,  CO(NH2)4,  the  biamid  of  CO,,  is  the  chief  end-product  of  the  meta- 
bolism of  the  nitrogenous  constituents  of  our  bodies  (see  Urine,  §  256).  Carbon  dioxide  contain- 
ing water -C0(0H)2,  where  both  OH  are  replaced  by  NHj— thus  we  get  C0(NH2)„  urea. 

(3)  Ainido-acid»,\'.e.,  nitrogenous  compounds,  which  show  partly  the  character  of  an  acid 
and  partly  that  of  a  weak  base,  in  which  the  atoms  of  H  of  tlie  acid-radical  are  replaced  by 
NHj,  or  by  the  substituted  ammonia  groups. 

(a)  Glycin  (or  aniido-acetic  acid,  glycocoll,  gelatin -sugar,  §  177,  2)  is  formed  by  boiling 
gelatin  with  dilute  sulphuric  acid.  It  has  a  sweet  taste  (gelatin -sugar),  behaves  as  a  weak  acid, 
but  also  unites  with  acids  as  an  amine-base.  It  occurs  as  glycin  +  benzoic  acid  —  hippuric  acid, 
in  urine  (§  260  and  also  as  glycin  +  cholalic  acid  — glycocholic  acid  in  bile  (§  177).  {b)  Lencin 
— (§  I70)  =  aniido-caproic  acid,  (c)  Serin — (-  ?  amido-lactic  acid)  obtained  from  silk-gelatin. 
{d)  Aspartic  acid — (amido-succinic  acid)  ;  and  (e)  Olutamic  acid,  obtained  by  the  splitting  up 
of  proteids  (§  170).  Other  amido-acids  are— (/)  Cystin- amido-lactic  acid,  in  which  0  is 
replaced  by  S  (§268).  {g)  Taurin— (§  177),  amido-ethyl-sulphunc  acid  occurs  (except  in  certain 
glands)  chiefly  in  combination  with  cholalic  acid,  as  taurocholic  acid  in  bile.  Tyroflin  (para- 
hydro-oxyphenyl-amido-propionic  acid),  au  aniido-acid  of  unknown  constitution,  occurs  along 
with  leucin  during  pancreatic  digestion  (§  170),  is  a  decomi)osition-product  of  proteids,  and 
occurs  plentifully  in  the  urine  in  acute  yellow  atrophy  of  the  liver  (§  269). 

To  the  amido-acids  are  related — (a)  Kreatin  in  muscle,  brain,  blood,  urine,  i-egarded  as 
methyl-uramido-acetic  acid  (C4H9N3O,).  It  has  been  prepared  artificially.  When  boiled  with 
baryta-water,  it  takes  up  H.p,  and  splits  into  urea— and  (6)  Sarkosin  (C3H7NO,),  methyl- 
amido-acetic  acid.  When  boiled  with  water,  or  heated  with  strong  acids,  in  the  presence  of 
putrefying  substances,  kreatin  gives  off  water,  and  is  changed  into  kreatinin  (C4H7N3O).  This 
strong  base  can  be  rechanged  by  alkalies  into  kreatin. 

(4)  Ammonia  Derivatives  of  Unknown  ConstitutioD.  — Uric  acid  (§  258)  ;  allantoin(§  260), 
is  formed  by  the  oxidation  of  uric  acid  by  means  of  potassium  |)ermanganate  ;  cyannric  acid 
in  dog's  urine  ;  inosinic  acid  in  muscle  ;  guanin  in  traces  in  the  liver  and  pancreas,  in  guano,  the 
excronients  of  spiders,  in  the  skin  of  amphibia  and  reptiles,  in  the  silver  sheen  of  many  fii>he8 
{A.  Ewald  and  Krukenbcrg)  ;  by  oxidation  it  yields  urea  (p.  439)  ;  hypoxanthin  or  sarkin 
occurs  along  with  xanthin  in  many  organs  and  in  urine.  Kossel  prepared  hypoxanthin  from 
nuclein  by  prolonged  boiling  of  the  latter.  It  may  be  obtained  from  fibrin  by  putrefaction,  by 
gastric  and  pancreatic  digestion,  and  by  dilute  acids  {Salomon,  H,  Krause,  Chittenden)  ;  xanthin 
is  prepared  by  oxidation  from  hypoxanthin.  It  occui-s  very  rarely  in  the  form  of  a  urinary  cal- 
culus. Paraxanthin  in  urine,  and  a  similar  body  camin  in  flesh  (§  233).  [Adenin  (C5H5N-), 
discovered  by  Kossel  in  the  pancreas,  yeast,  and  tea-leaves,  has  also  been  isolated  from  tne 
spleen,  lymphatic  glands,  and  kidney  ;  it  appears  to  bo  present  in  all  highly  cellular  animal 
and  vegetable  tissues.  Like  the  allied  bases,  xanthin  and  guanin,  it  is  a  derivative  of  the 
nuclein  of  the  nuclei.] 

Aromatic  Substances. 

1.  Monatomic  phenols— (a)  Phenol  (hydroxyl  of  benzol)  in  the  intestine  (§  ISO).  Phenyl- 
sulphuric  acid  in  urine  (§  262).  {h)  Kresol,  in  the  form  of  ortlwkresol  and  parakresol,  united 
with  sulphuric  acid,  occur  in  urine  (§  262).  2.  Diatomic  phenols — (a)  pyrokatechin  united 
with  sulj)huric  acid  in  urine  (§  262).  3.  Aromatic  oxyacids— (a)  Hydroparacumaric  acid  ;  (6) 
Faraoxyphenylacetic  acid  in  urine  (§  262).  4.  Indol  and  skatol  in  the  intestine  (§  184),  con- 
joined with  sulphuric  acid  in  urine  (§  262).  Skatol  has  been  formed  artificially  by  distilling 
strychnia  with  lime  {Stochr). 

253.  HISTORICAL. — According  to  Aristotle,  the  organism  requires  food  for  three  purposes 
— for  growth,  for  the  production  of  heat,  and  to  compensate  for  the  loss  of  the  bodily  excreta. 
The  formation  of  heat  takes  place  in  the  heart  by  a  process  of  concoction,  the  heat  so  formed 
being  distributed  to  all  parts  of  the  body  by  means  of  the  blood,  while  the  respiration  is  re- 
garded as  an  act  whereby  the  body  is  cooled.  Galen  accepted  this  view  in  a  somewhat  modified 
form  ;  according  to  him,  the  metabolic  processes  may  be  compared  to  the  processes  going  on  in 
a  lamp  ;  the  blood  represents  the  oil ;  tne  heart,  the  wick  ;  the  lungs,  the  fanning  apparatus. 
According  to  the  view  of  the  iatrochemical  school  {van  Hehnmil),  the  metabolic  processes  of  the 
body  are  fermentations,  whereby  the  food  is  njixed  with  the  juices  of  the  body.  Since  the 
middle  of  the  seventeenth  century  {Boifh),  the  knowledge  of  the  metabolic  processes  has  followed 
the  development  of  chemistry.  A.  v.  Haller  regai-ded  heat  as  due  to  chemical  processes — the 
food  continually  supplying  the  waste  which  is  excreted  from  the  body.  After  the  discovery  of 
oxygen  (1774,  by  Priestley  and  Scheele),  Lavoisier  formulated  the  theory  of  combustion  in  the 
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lungs,  whereby  carbonic  acid  and  water  were  formed.  Mitsciierlich  compared  the  decomposi- 
tion-processes in  tlie  living  body  with  putrefactive  processes.  Magendie  was  the  first  to  emphasiiie 
the  difference  between  nitrogenous  and  non-nitro^^enous  foods,  and  he  showed  that  the  latter 
alone  were  not  able  to  support  life.  Even  gelatin  alone  is  not  sutficient  for  this  purpose.  The 
greatest  advance  in  the  theoi-y  of  nutrition  was  made  by  J.  v.  Liebig,  who  laid  the  foundation 
of  our  present  knowledge  of  tnis  subject.  According  to  Liebig,  foods  may  be  divided  into  two 
clasAes,  viz. ,  the  "plastic,"  suitable  for  the  construction  of  the  organism,  and  the  "  respitatory  " 
for  the  maintenance  of  the  tem|>crature  ;  to  the  former  class  he  referred  the  albuminates  or 
proteids  ;  to  the  latter,  the  non-nitrogenous  carbohydrates  and  fats  (p.  440).  Amonffst  recent 
observers,  the  Munich  School,  as  renresented  by  v.  Blschoff,  v.  Pettenkofer,  and  v.  Voit,  has 
done  most  to  give  us  an  exact  knowledge  of  this  department  of  ph3'8iology. 


The  Secretion  of  Urine. 


[Elimination  of  Waste  Products.— We  have  seen  that  the  tissues  are 
uourishcd  by  the  lymph,  which  conttiins  tlie  cliemical  compounds — proteids, 
carbohydrates,  fats,  salts,  and  gases — necessary  for  nourishing  the  tissues.  As  a 
result  of  the  activity  of  the  tissues,  certain  waste-products  are  fonned  which  are 
removed  from  the  tissues  either  by  passing  directly  into  the  lymph-stream,  by 
wliich  they  ultimately  enter  the  blood, — or  certain  of  these  waste-products  pass 
into  the  venous  blood.  In  any  case,  the  blood  contains  these  waste-products  and 
they  must  be  got  rid  of,  for  if  they  accumulate  to  any  great  extent  in  the  blood 
they  injure  the  tissues.  These  matters  are  eliminated  from  the  blood  by  various 
organs — called  excretory  organs — while  the  substances  so  excreted  are  called 
excretions.] 

[A  complete  acquaintance  with  all  the  facts  of  the  case  would  enable  us  to 
trace  step  by  step  the  various  changes  which  the  neutnd  substances  undergo 
before  they  become  effete  products,  but  our  acquaintuice  with  what  goes  on  hi  the 
economy  does  not  enable  us  to  do  so  completely.  Speaking  broadly,  however,  the 
chief  waste-pro<lucts  are  urea,  and  certain  closely  allied  nitrogenous  botlies,  carbon 
dioxide,  salts,  and  watta*.  These  substmces  leave  the  body  by  one  or  other  of 
three  main  channels.  ^Much  of  the  water,  urea,  and  allied  bodies,  and  the  greater 
portion  of  the  salts,  are  eliminated  in  the  urine  by  the  kidneys.  These  organs  are 
of  special  importmce,  as  nearly  all  the  waste  bodies  contiining  nitrogen  are 
eliminated  in  the  urine.  Through  the  skin — in  the  sweat — is  eliminated  a  large  but 
variable  quantity  of  water,  a  very  small  amount  of  salts,  and  a  little  carl)on 
dioxide.  The  lungs  serve  as  the  chief  channel  for  the  elimination  of  carbon 
dioxide  and  a  considerable  c[uantity  of  water  in  the  form  of  aciueous  vaj)our. 

[Besides  these  main  channels  the  liver  excretes  substiuices  in  the  bile,  some  of 
which  are  ultimately  discharged,  perhaps  in  a  somewhat  altered  form,  in  tlie 
faeces.  As  we  have  se(;n,  some  of  tlui  undigested  food  is  excreted  by  the  bowel 
and  along  with  it  certain  residues  derived  from  the  secretions  jwured  into  the 
intestinal  canal.] 

254.  STEXJCTUEE  OF  THE  KIDNEY.— [Capsule.— The  kidney  is  a  com- 
pound tubular  gland,  and  is  invested  by  a  thin,  tough,  fibrous  capsule,  easily 
stripped  off  from  the  substance  of  the  organ,  to  which  it  is  attiched  by  fine  pro- 
cesses of  cxDnnective-tissue  and  blooil- vessels.] 

[Naked  Eye  Appearances. — On  dividing  the  kidney  longitudinally  from  the 
hilum  to  its  outer  border,  and  examining  the  cut  surface  with  the  naked  eye,  we 
observe  the  parenchyma  of  the  kidney,  consisting  of  an  outer  cortical  and  an 
inner  medullary,  or  ]»yramidal  ]X)rtion,  the  latter  comi)osed  of  alx)ut  twelve  conical 
papillae,  or  pyramids  of  Malpigni,  with  tluiir  apices  directed  towards  and  embraced 
by  the  calices  of  the  pelvis  of  the  kidney  (fig.  296).     The  medullary  i)ortion  i» 
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fiirth*  r  Hubdivkled  into  tin'  boimdaiy  layer  uf  Linhvig  and  the  papillary  portion. 

Arcordiug  to  KleiJi^  the  ifhitive  i»riiirtirtioii3  of  these  three  f«arts  ar*' — riniex,  3*5  ; 

hnimduiy  layei\   2*5,    and  painllarv  jKirtion,   4.     The  cortex  ha;?  a  liglit  brown 

ctjlimr,  and  when  torn  prt"j*ent^  a  slightly  gnmidnr  aspei  t»   with   radiating  Jines 

Ui  tile  prf^sence  of  the  Mai- 
rays.     Tlie  })oujulary  zone  is 

^.    f  IdLMjuUuy 


running  at  regular  distanreN.     The  grantileB  art'  due 
pigliian  iM>r]ni8c:le8,  and^tlie  stri*  to  the  nieduUary 

Boundary  layer  \  „ 

of  Medulla,     ^ 
Fapillftry    por-  \ 

tiou    of   me-  Va' 

dulla.  J 

TmnavorM  BocUon  } 
at    tabule*    In   *3 
btituDdaiy  kyer.  ) 


Flit  tit  renal  «liiii».  4- 


MEDULLA, 


countng  mutJul-  .- 
JwT  rnyi.  } 


Artery*  6. 


.^    jl  Ilrjuich  of 

1     HcAiil  Aitei7. 


Ailfli/*«. 


Fig,  296, 
liongitudiuiil  aeotton  through  tlio  kidney  ( Tijsoii^  i^r  Hen^t), 

darker,  and  often  purplish  in  colour.  It  is  j^triated  v^ith  clear  and  red  lines 
alternating  with  opai^ne  ernes,  the  funuer  being  blood-veaseb  and  the  latter 
nriniferons  tnbuh^.^t.  The  papilJjiry  zone  is  nearly  wldte  and  unifonnly  striated, 
tli*5  striii*  converging  to  the  apex  of  the  jiyrftniid.  The  medulla  is  much  denser 
and  leiis  friable  than  tli^  cortex,  owing  to  the  ]jre8enL'e  of  a  large  amount  of  con- 
nee  ttve-tissue  between  the  tul>ules.  The  bundles?  of  straight  tubes?  of  the  medulla 
may  be  traced  at  regular  iiitervak  running  outwards  into  the  cortex,  constituting 
medullary  rayi,  which  l>eeomc  Hmaller  as  they  j>as.s  outwards  in  the  cortical  xone^ 
HO  that  they  are  conical  and  form  the  pyramids  of  Ferreiu  (tig»  298,  PF).  The 
portion  of  the  cortex  lying  between  the  medullary  rays  is  known  as  the  labyrinth, 
from  the  complicated  arrangement  of  its  tubule.^-] 

[Size,  Weight  of  Kidney. — The  Jidult  kidDey  iJi  about  11  ci'titimetrea  (4*4  iiiclieii)  ia  length, 
6  centimetres  (2  inclieitl  wide,  mid  3  ceatiiiietre«  (1  inch)  i a  tldcknesa.  It  weighs  in  the  mtiXm 
113*6  to  170  grms.  (4  to  6  qz.\  id  thfl  femnle  113  5  to  150  grms.  (4  to  5)  ot).  The  width  of 
the  cortex  i»  usually  6  to  6  niilliiuctrea  (J^  to  ^  inch).] 


Sec.  254.] 


STRUCTURE  OF  THE  URINARY .  TUBULES. 


481 


I.  Tlie  uriniferous  tubules  all  arise  within  the  labyrinth  of  the  cortex  by  means 
of  a  globular  enlargement,  200  to  300  ft  [jIj^  to  y^^  inch]  in  diameter,  called 
Bowman's  capsule  (tigs.  298,  299).  After  pursuing  a  complicated  course,  altering 
their  direction,  diameter,  and  structure,  and  l)eing  joined  by  other  tubules,  they 
ultimately  form  large  collecting  tubes,  which  terminate  by  minute  apertures,  visible 
with  tlie  aid  of  a  hand-lens,  on  the  apices  of  the  papillae  projecting  into  the  calices 
of  the  kidney.     Each  urinary  tubule 


is  composed  of  a  homogeneous  mem- 
braua  propria,  lined  by  a  single  layer 
of  epithelial  cells,  so  as  to  leave  a 
lumen  for  the  passage  of  tlie  urine 
from  the  Malpighian  corpuscles  to  the 
pelvis  of  the  kidney.  The  diameter 
and  direction  of  the  tubules  vary,  and 
the  epithelium  diti'ers  in  its  characters 
at  different  i)arts  of  the  tube,  while 
the  lumen  also  imderg(jes  alterations 
in  its  diameter. 

Course  and  Structure  of  the  Tub- 
ules.— In  the  labyrinth  of  the  cortex, 
tubules  arise  in  the  spherical  enlarge- 
ment known  as  Bowman's  capsule 
(fig.  298,  1),  which  invests  (in  the 
manner  presently  to  be  described)  the 
tuft  of  caj)illary  blood-vessels  called  a 
glomerulus  or  Malpighian  corpuscle. 
By  means  of  a  short  and  narrow  neck 
(2)  the  capsule  becomes  continuous 
with  a  convoluted  tubule,  X  in  fig. 
299.  This  tubule  is  of  considerable 
huigth,  forming  many  windings  in  the 
cortex  (fig.  298,  3) ;  the  first  part  of 
it  is  45  fx  w4de,  constituting  the  prox- 
imal or  first  convoluted  tubule.  It  be- 
comes continuous  with  a  spiral  tubule 
of  Schachowa  (4),  which  lies  in  a 
medullary  ray  where  it  pursues  a 
slightly  wavy  or  spiral  course.  On 
the  boundary  line  between  the  cortical 
and  boundary  zone,  the  spind  tubule  suddenly  becomes  smaller  and  j)asses  into 
the  descendmg  portion  of  Henle's  loop  (5),  which  is  14  /*  in  breadth,  and  is 
continued  downwards  through  the  boundary  zone  into  the  medulla,  where  it  forms 
the  narrow  loop  of  Henle  (6)  wliich  runs  backwai\ls  in  th(i  medullary  i)art  to 
the  boundary  zone.  Here  it  becomes  wider  (20-26  ft),  and  as  it  continues  its 
imdulating  course,  it  ent<jrs  a  medullary  ray,  where  it  constitutes  the  ascending 
looped  tube  (7),  which  becomes  narrower  in  the  cortex.  Leaving  the  medullary 
ray  again,  it  passes  into  the  labyrinth,  where  it  forms  a  tube  with  irregular 
angular  outlines — the  irregular  tubule  (10),  which  is  continuous  with  (fig.  299, 
n,  n)  the  second  or  distal  convoluted  tubule  (11),  which  resembles  the  proximal 
tubule  of  the  same  name.  Its  diameter  is  40  fu  A  short,  narrow,  wavy  junc- 
tional or  curved  collecting  tubule  (12)  connects  the  latter  with  one  of  the  straight 
collecting  tubes  (13)  of  a  medullary  ray.  As  the  collecting  tubule  proceeds 
through  the  boundary  zone,  it  receives  numerous  junctional  tubes,  and  when  it 
reaches  the  boundary  zone,  it  forms  one  of  the  collecting  tubes  (fig.  299,  0), 

31 


Papillary 
zone. 


Fig.  297. 
Longitudinal  section  of  a  Malpighian  ])yramid. 
PF,  pyramids  of  Fericin  ;  KA,  branch  of  renal 
artery  ;  RV,  lumen  of  a  renal  vein  receiving  an 
interlobular  vein;  VR,  vasa  recta;  PA,  ajHiX 
of  a  renal  papilla  ;  //,  />,  embrace  the  bases  of  the 
renal  lobules. 
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which  unite  with  one  another  at  acute  angles  to  form  the  larger  straight  excretory 
tubes  or  ducts  of  Bellini  (15),  which  open  on  the  summit  of  the  Malpighian 
pyramids  into  a  calyx  of  the  pelvis  of  the  kidney.  In  the  cortex  the  collecting 
tubules  are  45  ft  in  diameter,  but  where  they  have  formed  an  excretory  tube  (O), 

Sub-cap8ular  layer  without  Mal- 
pighian corpuscles. 


12.  First  part  of  collecting  tube. 
11.  Distal  convoluted  tubule. 
A.  GOBTEX. 
10.  Irregular  tubule. 

3.  Proximal  convoluted  tubule. 
9.  Wavy  part  of  ascending  limb. 
2.  Constriction  or  neck. 

4.  Spiral  tubule. 


13.  StmCfllitfuirtof  colki^t 
Ing^  tutip. 


Innar   !ittiitut]i    of    cnrteA*' 
wtthaot   MalpliJjfiin 
corpiisclcv. 


7  AS.  A«cci)dljig    limb    ot 


1.  Malpighian  tuft  surrounded 
by  Bowman's  capsule. 


8.  Spiral  part  of  ascending  limb 
of  Henlc's  loop. 


B.  BOUNDABT  ZONE. 

6.  Descending  limb  of  Henle's 
loop-tube. 


6.  Uenlo's  loop. 


0.  PAPILLABT  ZONE. 


Fig.  298. 
Diagram  of  tlie  course  of  two  uriniferous  tubules  {Klein  and  Nohle-SmUh), 

their  diameter  is  200  to  300  /x ;  24  to  80  of  these  tubes  open  on  the  apex  of  each 
of  the  12  to  15  Mal[)ighian  pyramids.  In  the  lowest  and  broadest  part>  the 
membrana  propria  is  strengthened  by  the  presence  of  a  thick  supporting  framework 
of  connective-tissue. 

Structure  of  the  Tubules.— [Below  the  neck,  the  tubules  are  lined  everywhere 
by  a  single  layer  of  nucleated  epitheUum.]  Bowman's  capsule,  which  is  about 
^^  inch  in  diameter  (fig.  300,  II),  consists  of  a  homogeneous  basement  membrane 
lined  internally  by  a  single  continuous  layer  of  flattened  cells  (k).  According  to 
Roth,  the  basement  membrane  itself  is  composed  of  endothelial  cells.  [In  the 
foetus   the    lining   cells  are   more    polyhedral.]     Within    the   capsule   lies    the 
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glomerulus  or  tuft  ul  lilond- vessels.     The  i-ell^  lining'  the  capsule  are  reflected 

over  iinrl  between  tlie  lobules  of  wliicli  the  glomerulus  consists.     The  glomerulus 

may  not  coiupletely  till  the 

capsule, Sf)  that, aceortling  t< ► 

the  activity  of  the  kidney, 

there  may  be  a  larger  or 

smaller  sj>ace  hetweeu  the 

glomerulus  and  the  cnpsule 

into  which  tht^  iiltire<luririe 

pas«es»     Tlie  neck  is  hned 

by    cubical    ccILh.       These 

cells,  in  Bome  animals,  fjf., 

the    mbbit,    sheep,    moui*e, 

and  frog,  arc  eiliateih 

[Tiie  proximal  convol- 
uted tubule  is  lined  Ivy 
characteristic  e[)i  t1  le  li  u  ni . 
The  cells,  which  are  short 
or  polyhedml,  contain  a 
turbid  or  cloudy  proto- 
plasm {fig.  300,  III,  1  and 
2),  which  not  unfiequently 
contains  oil-ghthules,  and 
they  form  a  single  layer. 
Each  cell  cotiisists  of  two 
parts;  the  inner,  contain- 
ing the  spherical  nucleus, 
is  next  the  lumen,  and 
granular  (111,  2,  ;/),  while 
the  outer  jMirt,  next  tlie 
membrana  propria,  apijcai-s 
fibrillated ,  or  "  rodded,'* 
from  the  presence  of  rods 
or  fibrils  placed  vertically 
to  the  hasement-membrane 
(fig.  301).  These  appear 
like  the  hairs  of  a  brush 
pressed  upon  a  plate  of 
glass  (III,  2).  The  cells 
are  not  easily  separated 
frcmi  eacli  other,  as  neigh- 
Ixfuring  cells  interlock  ]>y 
means  of  the  branched 
ridges  on  their  surfaces 
(III,  1)  —  {IHdetihfih, 
Schurhmra).  The  It  mi  en 
ifi  \ViA\  defined^  hut  its  size 
seems  to  depend  upon  the 
state  of  imbibition  of  the 
cells  Ixiunding  it. 

Tlie  spiral  tubule  has 


Fig.  n%. 

Blood-vesseh  and  uriaiferons  tutmlea  of  tbe  kitlney  (aemi- 
(iinf^rniJimtitic) ;  A,  cajallaiies  of  the  coilex,  R,  of  the  me- 
dulla ;  (X,  iiitei  lobular  a I'tL^ry  j  1^  vas  affcrens  ;  2,  v«8»jlfereiis; 
r,  ft  vasa  recta  ;  c^  v^oaj  recUe  ;  r.  r,  iijterhVl>ular  vein  \  3, 
origin  of  A  vena  «t«  Ibttii ;  i»  i,  RowiM»n*H  lepmde  Hiiil  glo- 
mcrtilusi;  X,  X,  couvolnt*'il  tn'^ulea;  i^  t,  Henlo'«  loop  ;  ti,  n, 
jutictional  jttece  ;  o^  o,  collecting  tubcij  ;  O,  cKci-etoiy  lube. 


similar  epithelium  and  a  corresponding  lumen,  although   the  cf>ithehum  becomes 
lower  and  somewhat  altered  in  its  characters  at  the  lower  part  of  the  tube. 

The  descending  limb  of  Henle's  loop,  and  the  loop  tt'^eli  witli  a  relatively  wide 
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lumen,  are  lioiindetl  by  clear,  flatteneil,  epithelial  cells,  with  a  bulging  nucleus 
(IV,  8)  ;  the  tells  lying  on  one  side  of  thn  tube  Ijcing  bo  placed  t!iat  the  bulging 
part  of  the  Inxliea  of  tlie  eellii  is  opposite  the  thin  part  of  the  cells  on  the  opposite 
side  of  the  tiilie.  [These  tub*'8  might  be  tiiiHtakeii  for  IjliKxl-cjipillaries,  I'ut  m  ad- 
dition to  their  stpumious  lining,  thej  Imve  a  hasernent-nieinlfrj^nr,  which  capillarieis 

have  not.]  In  thi> ascend* 
ing  limb,  th*?  hunen  is 
relatively  wide,  while  its 
c[ntheliuni  agi'eea  gener- 
ally with  that  in  the  con* 
vohited  tubule,  exe^^pting 
tliat  the  "rods"  are 
.^iKnter.  Sometimes  the 
cells  are  arranged  in  on 
*  ^  i  Hibri  eate ' '  in  ii  n 1 1  e  r. 

1  n  the  irregular  tubule, 
which  has  a  very  t?niall 
lumen,  the  iKjlyhedral  cells 
lining  it  eon  tain  oval  nuclei, 
and  arc  shtater  than  those 
of  tlie  convi^bited  tubules. 
Tlie  cells,  again,  are  very 
irregular  in  size,  while 
their  **rodded'^  character 
is  much  coarser  and  more 
detined  (hg.  303), 

The  distal  convoluted 
tubule  elohJely  resendilea 
in  its  structure  the  proxinud  con  vohited  tulaile,  and  i^  lined  by  similar  cells.  The 
atrved  rollectimj^  or  junctional  tubule,  altlnuigh  narrow,  has  a  relatively  wide 
lumen,  as  it  ia  lined  by  ch-ar,  somewhat  Hattenuil  cells. 

The  collecting  tubes  have  a  distinct  lumen  and  are  lined  by  efeat\  somewhat 
irregular,  cubical  lelh  (tig.  300,  V),  whicli  in  the  larger  (\ecrt'(ortj  tubes  are  dis- 
tinctly cobnnnar  (VI).     The  iKisement-membrauc  is  said  to  be  absent  in  the  larger 


11,  15ownmii'«  cap? 


iMg.  300. 
!  and  ^rlomeriiluH. 


^^   ale  and  ^rlomeniluH.     a,  vas  afferent  *  r,  vas 

cUtieiis  ;  L\  ciipilliiry  network  ofthfl  cortex  ;  k,  tadotbcliam 
^  of  thtf  cflpsnle  \  k,  origia  of  a  coiivolyted  tabale.  Ill, 
*"  rtnldiMl '  I'clis  from  a  coavolatcd  Uibalc— 2»  ftccn  from  tlie 
sitli?,  with  ij,  iuDCT  graindar  zoiiw  ;  ],  froiu  the  aurfttte.  IV, 
cells  lining  Henle^s  looped  tiibulc,  V,  cdla  of  a  collecting 
tube.     Vb  swlioa  of  aa  excTctmy  tube. 


Coavolutcd  tubole  (afinr  jiniriii>iuani  chroraite) 
showing  '*roddt"d"  tpithelium, 


r 


Fig.  302. 

EpitUeliuiTi  of  an  irregular  tubule  of 
the  kidney  ofa  dog, 

tubes.     [Klein  describes  a  thin,  delicat-e,  nucleated  eentro-tubidar  membrane  Uning 
the  surface  <jf  the  epithelium  next  the  lumen,] 

U.  The  Blood-Veasels* — fCon^idering  the  size  of  the  kidney  it  is  most  abun- 
dantly supplied  with  blood.]— The  renal  artery  (tig.  506)  divides  into  four  or 
live  limnches,  whicli  [kiss  into  the  kidney  at  the  hilum.  These  branches, 
surrounded  by  con  nee  live-tissue  continuous  with  that  of  the  capsule,  continue  to 
divide,  and  ptiss  between  the  papilla?,  to  reach  the  bases  of  the  pyramids  on  the 
limits  between  the  cortical  and  Iviumlary  stones  where  iliey  form  incomplete 
arches.     From  these  horizon tid  trunks,  the  interlobidar  or  radiate  arteries  (fig. 
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299,  a)  run  vertically  and  singly  into  the  cortex,  between  each  two  medullary 
rays,  and  in  their  course  they  give  off  on  all  sides  the  short  undivided  vasa  affer. 
entia  (1),  each  of  which  enters  a  Malpighian  capsule  at  the  opi)08ite  pole  from 
which  the  urinary  tubule  is  given  off.  Within  the  capsule  each  afferent  artery 
breaks  up  into  capillaries  arranged  in  lobules  and  supported  by  connective-tissue, 
the  whole  forming  a  tuft  of  capillary  blood-vessels,  or  a  glomeruluB.  Each 
glomerulus  is  covered  on  its  surface,  directed  towards  the  wall  of  the  capsule  by 
a  layer  of  flat,  nucleated,  epithelial  cells  (fig.  300,  II),  which  also  dip  down 
between  the  capillaries.  A  vein,  the  vas  efferens  (2),  which  is  ahvays  smaller 
than  the  afferent  arteriole,  proceeds  from  the  centre  of  the  glomerulus,  and 
leaves  the  capsule  close  to  the  jwint  at  which  the  afferent  vessel  enters  it  (fig. 

300,  II).  In  their  structure  and  distribution  all  the  efferent  vessels  resemble 
arteries,  as  they  divide  into  branches  to  form  a  dense,  narrow-meshed,  capillary 
network  (fig.  299,  A,  and  fig.  300,  II,  c),  which  ramifies  over  and  between  the 
convoluted  tubules.  Tlie  meshes  are  elongated  around  the  tubules  of  the 
medullary  rays,  and  more  polygonal  around  the  convoluted  tubules  (fig.  299). 
Some  of  the  lowest  efferent  vessels  split  up  into  vasa  recta,  which  run  towards 
the  medulla.  The  interlobular  arteries  become  smaller  as  they  pass  towards  the 
surface  of  the  kidney,  and  some  of  their  terminal  capillaries  communicate  with 
the  capillaries  of  the  external  capsule  itself.  Venous  trunks  proceed  from  the 
capillary  network,  to  terminate  in  the  interlobular  veins  (V),  which  begin  close 
under  the  capsule  by  venous  radicles  arranged  in  a  stellate  manner  (constituting 
the  stellulsB  Verheynii,  or  venSB  stellatse),  and  accompanying  the  corresponding 
artery  to  the  limit  between  the  cortex  and  boundary  zone,  where  they  com- 
mimicate  with  the  large  venous  trunks  m  that  situation.  [The  subcapsular  layer 
of  the  cortex,  and  a  thin  layer  next  the  boundary  zone  (fig.  298,  a,  a),  are  devoid 
of  Malpighian  corpuscles.] 

The  blood-vessels  of  the  medulla  arise  from  the  vasa  recta  (fig.  299,  r),  which 
begin  on  the  limit  of  the  cortex  and  medulla,  either  as  shigle,  direct,  muscular 
branches  (r)  of  the  large  arterial  trunks,  or  from  those  efrerent  vessels  (e)  which 
lie  next  to  tlie  medulla.  The  latter  are  said  to  be  devoid  of  muscle.  According 
to  Huschke,  a  few  vasa  recta  are  formed  by  the  union  of  the  capillaries  of  the 
medullary  rays.  All  the  vasii  recta  enter  the  boundary  layer,  where  they  split  up 
into  a  leash  or  pencil  of  small  arterioles,  which  pass  between  the  straight  tubules 
towards  the  pelvis,  and  form  in  tli(iir  course  a  c^ipillary  network  with  elongated 
meshes.  From  these  capillaries  there  arise  venous  radicles,  which,  as  they 
proceed  towards  the  limit  between  the  cortex  and  medulla,  form  the  venae  rectsb 
(c),  and  open  into  the  concave  side  of  the  venous  trunks  in  this  region.  At  the 
apex  of  the  papillae,  the  capillaries  of  the  medulla  form  connections  with  the 
rosette-like  capillaries  surrounding  the  excretory  ducts  (at  I). 

The  circulation  through  the  vasa  recta  is  most  important.  The  cortical 
system  of  blood-vessels  communicates  with  the  medullary,  but  as  most  of  the 
vasa  recta  are  derived  from  the  same  vessel  as  the  interlobular  arteries,  it  is 
evident  that  they  may  form  a  side  stream  through  which  much  of  the  blood  may 
pass  witliout  traversing  the  vessels  of  the  cortex.  Very  probably  the  "  short-cut  '* 
is  useful  in  congestions  of  the  kidney.  The  amount  of  distention  of  these  vessels 
also  will  influence  the  size  of  the  tubules  lying  between  them.  There  are  two 
other  channels  by  which  blood  can  pass  through  the  renal  arteriies  without 
traversing  the  glomeruli — (1)  The  anastomoses  between  the  terminal  twigs  of  the 
renal  artery  and  the  subcapsidar  venous  plexus  ;  (2)  small  branches  given  off, 
either  by  the  interlobular  arteries  or  by  the  afferent  vessels  before  entering  the 
glomeruli  (Bncnton).] 

The  blood-vessels  of  the  external  capsule  are  derived  i)artly  from  the 
terminal  twigs  of  the  interlobular  arteries,  partly  from  branches  of  the  supra-renal^ 
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phrenic,  utid  lumbar  arteries,  wliich  anastomose  with  t^ach  otlier,  Tlie  capilJary 
network  has  Riraple  meslu'S,  The  venous  rtidicle-s  pass  i>artly  inU)  the  venae 
stellat^e,  ami  iiartly  into  \hv  veinft  of  the  namfl  name  tis  the  arteries.  Tlie  foiineo 
tion  of  the  area  of  th*'  renal  ailiTv  with  the  other  arteries  o£  the  eripsule  r'X]>lainfl 
why,  afU^r  Hgature  of  the  renal  iirtery  widiin  the  kidney,  the  l»h>oil  still  eireulntes 
in  tlie  external  eapside  ((.'.  Lmhritj^  J/,  //cvvvw^w) ;  in  faet,  tliese  hlixKhveaselft  still 
Hn[»ply  the  kidney  with  a  Hiiiall  amount  of  blood,  whieh  may  sufhce  to  permit  a 
wli^dit  seeretion  of  urine  to  take  place  (Ltftert^  Pauffpwffi). 

m*  The  lymphatics  fonn  a  wide-meshed  plexus  in  the  capsule  of  the  kitlney, 
while  under  it  they  form  large  Hpace.s  (Ile'detiftain),  In  the  parenchyma  of  the 
kidney,  the  lynqihaticvs  are  wiiil  to  be  represented  hy  large  .slit-s  devoid  nf  a  wall  in 
the  tissues,  and  are  more  numerous  a  round  the  convi>luted  than  the  straight 
tuhules.  The  slit-s  pass  to  the  surface  of  the  kidney,  and  exjjand  under  tlie 
capsule.  When  the  lymphatics  are  greatly  dirttendeih  they  tend  to  eompress 
the  uriniferuus  tuliules  and  the  hkMid-vesseJs  (C.  Lufhrvj  and  Zatrfirijlnn\ 
AccortUng  til  Kymlowsky,  the  uriniferouft  ttiVades  are  surrounded  by  true 
lymphatics  witJj  an  endothelial  lining,  and  they  even  penetmte  into  the  eapside  of 
Bowman  along  witli  the  vas  allerens.  [The  large  blood-vessels  are  also  so r rounded 
by  lymphaties.]  Large  lyni[ihaties,  jtrovided  with  valves,  pass  out  of  the  kidneys 
at  the  hibnn,  while  others  enu^rge  through  tlie  esipsnle  ;  both  sete  are  connected 
with  the  lymjih-sjiaecs  of  the  capsule  of  the  ki<hiey  (A,  Iho/f/t'). 

IV.  The  nerves  form  small  Inmks  providci!  with  ganglia,  and  aceomi>any  the 
blocKl-vessels,  [They  itre  derived  from  tlie  renal  [ilexus  and  the  lesser  splanclniic 
jierve.]     The  luTves  ft>rmiug  the  renal  plexus  are  deriveil  chii.^fly  from  the  solar 

^  plexus.     As  the  right  vagus 

and  great  ami  lesser  sjilanch* 
nies  join  the  solar  jilexus, 
it  is  |>roT>able  that  hranchoB 
f«f  these  nerves  enter  the 
kidney  l>y  way  of  the  renal 
]  ilex  us.  Tlie  splanchnic^ 
liowever,  send  branches  di- 
rect to  the  renal  [rlexus^  and 
the  left  vagus  sends  some 
iibrcs  U>  the  left  kidney.  In 
the  dog  the  llth,  12th.  and 
1 3th  dorsid  sjiinal  nerves, 
nnd  in'rhajis  some  of  the 
ujiikcr  hnnbar  nerves,  send 
liiYUiehes  into  the  kidn(7«y 
i-i*}  the  renal  ]>lexus(§  276), 
They  contain  medulla  ted 
and  non-mednlhvted  fibres, 
and  the  latter  have  lieen 
traced  hy  W.  Krause  a«  far 
jis  the  apices  of  the  i^apillsL 
Their  mode  of  tenui nation  i» 
unk  no  wn.  Phytntth^tjif^ly^ 
we  are  certain  that  they  ciintiuii  Tioth  vmi>rfmMnehi\  iximdifatory  and  M^naorff 
fibres ;  perhaps  there  njay  he  also  secretory  fd»res  [altliough  we  have  no  evidence 
nf  the  termination  of  nerve-hhres  in  tlie  epithelium  i>f  the  tubules], 

V.  The  COluiective-tiBgue,  or  interlolndar  stromn,  forms  in  the  papilisp,  e^iiecially 
at  their  apices^  filarous,  eoncentrie  layers  of  considerable  thickness  betiveen  Uic 
excretory  tubules  (fig,  303).     Fnrtber  outwards,  the  fibrillar  character  beeomee  less 
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Fig.  S03. 

Transverse  s^etion  of  ajX'X  of  MnlnighiftE  jkyi-aaad.  ci»  Inige 
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distinct,  while  at  tlie  same  time  branched  connective-tissue  corpusclea  occur  in 
greater  numbers.  In  the  cortex,  tlie  interstitial  stroma  consists  almost  entirely  of 
branched  corpuscles,  whicli  anastomose  with  each  other.  [There  is  also  a  small 
quantity  of  delicate  fibrous  tissue  around  Bowman's  capsule,  and  along  the  course 
of  the  arteries.  The  connective-tissue  often  plays  an  important  rdle  in  pathological 
conditions  of  the  kidney,  as  interstitial 
nephritis.]  The  outer  layers  of  the 
capsule  of  the  kidney  are  composed  of 
dense  bundles  of  fibrous  tissue,  while 
the  deeper  layers  are  more  loose,  and 
send  processes  into  the  cortical  layers. 
The  capsule  is  easily  stripped  off.  None 
of  the  secretory  substance  is  removed 
with  it.  The  fat  surroimding  the  kidney 
is  united  to  the  latter  partly  by  blood- 
vessels and  partly  by  bands  of  con- 
nective tissue. 

VI.  Smooth  MuBcle  is  i)resent  (1)  ns  a 
sphincter- like  layer  round  the  apex  of  each 
papilla  (ffenle) ;  (2)  as  a  wide-meshed  tliin 
plexus  on  the  surface  of  the  kidney  just  under 
tlie  capsule  ;  (8)  as  fine  fibres  derived  from  the 
pelvis  of  the  kidney  and  which  pass  along 
with  the  blood-vessels  iuto  the  pyramids 
(Jardet).  (4)  Kostjurin  fouud  in  the  dog  in 
the  boundary  zone  between  the  cortex  and 
medulla  a  layer  of  muscle  which  sends  pro- 
loDj^tioiis  into  both  zones. 

[Development  of  a  Halpighian  CapBule.— 
The  upi)er  end  of  the  urinary  tubule  is  dilated 
and  closed,  ami  into  it  there  grows  a  tuft  of 
blood-vessels  (a)  pushing  one  layer  of  the 
tube  (6)  before  it,  hence  the  capillaries  be- 
come invested  by  it,  just  as  an  organ  is  sur- 
rounded by  a  serous  sac,  so  that  out*  layer — 
the  reflected  one  (6) — of  the  tubule  is  closely 
applied  to  the  blood-vessels,  while  the  other 
(c)  lies  loosely  over  it  with  a  space  between 
the  two  (fig.  304).] 

255.  THE  UEINE.— Physical  Char- 
acters.— A  knowledge  of  the  composi- 
tion of  this  secretion  is  of  the  greatest 
value  to  the  physician  and  surgeon. 

1.  The  quantity  of  urine  passed  by 
au  adult  man  in  twenty-four  hours  is 
between    1000   and    1500   cubic   centi- 
metres, or  about  50  oz.,  and  in  the  female  900  to  1200  c.c.     The  minimum  is 
secreted  between  2  to  4  a.m.,  and  the  maximum  between  2  to  4  p.m.  (Weigelin), 

The  amount  is  diminished  by  profuse  sweatiug,  diarrhoea,  thirst,  non-nitrogenous  food, 
diminution  of  the  general  blood-pressure,  after  severe  haemon*hage,  and  in  some  diseases  of  the 
kidneys.  The  minimum,  which  may  be  normal,  is  400  to  500  c.c.  It  is  increased  by  increase 
of  the  general  blood-pressure,  or  of  the  pressure  within  the  area  of  the  renal  artery,  by  copious 
drinking,  contraction  of  the  cutaneous  vessels  throngh  the  action  of  cold,  the  passage  of  a  lai*ge 
amount  of  soluble  substances  (urea,  salts,  and  sugar)  into  the  urine,  a  large  amount  of  nitro- 
genous food,  as  well  as  by  various  drugs,  such  as  digitalis,  alcohol,  scpiills.  After  taking  fluids 
charged  witli  CO.j,  the  amount  of  urine  is  increased  during  the  following  hours  {Quiiieke), 

The  secretion  is  influenced  directly  by  the  nervous  system,  as  in  the  sudden  pol3mxia  following 
nervous  excitement,  such  as  hysteria,  [when  the  person  usually  passes  a  large  amount  of  very 
pale-coloured  urine] ;  after  an  epileptic  attack,  and  also  after  pleasurable  excitement  {Bencke% 


Fig.  305.  Fig.  306. 

Fig.  304. — Development  of  a  glomerulus  and 
Malnighian  cai)sule.  a,  capillary  ;  6,  vis- 
ceral, d,  i)arietal  layer  of  ca])sulo. 

Fig.  305. — fJraduated  cylinder  and  flask  for 
measuring  the  amount  of  urine. 

Fig.  306.  — Urinometer. 
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We  may  have  polyuria  iinaccompauied  by  the  presence  of  sugar  in  the  urine,  which  follows 
injury  to  a  certain  part  of  the  floor  of  the  fourth  ventricle  {CI.  Bernard),  Tlie  urine  is  measured 
in  tall  graduated  cylindrical  vessels  (fig.  305).  [In  estimating  the  quantity  of  urine  i>a8sed,  the 
patient  must,  of  course,  be  directed  always  to  empty  his  bladder  at  a  particular  hour,  and  collect 
the  urine  passed  during  the  next  twenty-four  hours.] 

[Comparative.  — In  man  60  per  cent,  of  the  water  eliminated  from  the  body  is  given  off  by  the 
kidneys,  and  40  by  the  lungs  and  skin.  In  herbivora  30  per  cent,  of  the  water  is  eliminated  by 
the  kidneys  and  70  by  the  lungs  and  skin,  while  in  camivora  the  proportions  are  70  by  the 
urine  and  80  by  the  lungs  and  skin  {Mimk).  ] 

2.  The  specific  gravity  varie^s,  as  a  mean,  between  1015  and  1025 ;  the  minimum, 
after  copious  draughts  of  water,  may  be  1002  ;  while  the  maximum,  after  profuse 
perspiration  and  great  thirst,  may  be  1040.  The  mean  specific  gravity  is  a]>out 
1020.  In  newly-bom  children,  the  specific  gravity  falls  very  considerably  during 
the  first  three  days,  which  is  due  to  the  amount  of  food  taken  {Maiiin  and  Rtuje), 
[The  specific  gravity  of  the  urine  in  infants  is  about  1003  to  1006.]  A  healthy 
adult  excretes  about  70  gi'ms.  [2i  oz.]  daily  of  solids  by  the  urine,  or  about  1  grni. 
of  solids  i)er  1  kilo,  of  body  weight. 

The  specific  gravity  is  estimated  by  means  of  a  urinometer  (fig.  306),  the  urine  being  at  the 
temperature  of  16°  C.  [The  nrinometer,  when  placed  in  distillwl  water,  ought  to  float  at  the 
mark  0"  or  zero,  which  is  conventionally  spoken  of  as  1000.  Place  the  urine  to  be  tested  in  a 
tall  cylindrical  glass,  of  such  width  that  the  urinoiueter,  when  placed  in  it,  may  float  freely 
and  not  touch  the  sides.  Take  care  that  no  air-bubbles  adhere  to  the  instrument.  When 
reading  off  the  mark  on  the  stem,  raise  the  vessel  to  the  eye  and  bring  the  eye  on  a  level  with 
the  surface  of  the  water,  noting  the  number  which  corresponds  to  this.  This  rule  is  adojjted, 
because  the  water  lises  on  the  stem  in  virtue  of  capillarity.  It  is  essential  that  a  sample  of  the 
mixed  urine  of  the  twenty-four  hours  be  used  for  ascertaining  the  mean  si>eciflc  gravity.] 

Christison's  Formula.— To  estimate  the  amount  of  solids  in  the  urine.     This  may  be  done 


the  amount  of  solids  in  every  1000  parts.     [Suppose  a  person  passes  1200  c.c.  urine  in  twenty- 
four  hours,  and  the  specific  gravity  is  1022,  then 

22  X  2-33-51  -26  grais.  in  1000  c.c. 
To  ascertain  the  amount  in  1200  c.c. 

51-26x1200 
1000  :  1200  :  :  51*26  :  x  =  — Y(m ^^^'^^  «rms.] 

Direct  Estimation  of  Solids. — Place  15  c.c.  of  urine  in  a  capsule  of  known  weight,  and 
evaporate  it  to  dryness  over  a  water-bath  ;  afterwards  completely  dry  the  residue  in  an  air-bath 
at  100**  C,  and  then  cool  it  over  concentrated  sulphuric  acid.  During  tbe  process,  a  small  amount 
of  ureaisdecom}>osed,  so  that  the  value  obtained  is  slightly  too  small.  Of  course  the  specific  gravity 
varies  with  the  amount  of  water  in  the  urine.  The  most  conctntraUd  (highest  s{)ecific  gravity) 
urine  is  the  morning  urine  (Urina  noctis),  especially  after  being  retained  in  the  bladder,  e,g.^ 
in  prolonged  sleep  a  certain  amount  of  water  is  absorbed,  so  that  the  urine  becomes  more  con- 
centrated. The  most  dilute  urine  is  secreted  after  copious  drinking  (Urina  potas).  Under 
pathological  conditions,  as  in  diabetes  mellitus  (§  175),  the  urine  is,  at  the  same  time,  very 
copious  (as  much  as  10,000  c.c),  and  very  concentrated,  so  that  the  siKJcific  gravity  varies  from 
1030  to  1060,  [due  to  the  presence  of  a  large  amount  of  grape-sugar].  In  fever  the  urine  is 
concentrated  and  small  in  amount.  In  polyuria,  due  to  certain  nervous  conditions,  the  urine 
is  very  dilute  and  copiou.«<,  while  the  specific  gravity  may  be  as  low  as  1001. 

3.  The  colour  of  the  urine  depends  on  the  colouring-matters  present  in  it,  and 
varies  greatly,  but  the  differences  in  colour  are  due  chiefly  to  variations  in  the 
amount  of  water.  Normally  it  has  a  pale  straw  colour,  but  if  it  contains  more 
water  than  usual  it  has  a  very  pale  tint,  and  in  certain  cases  (as  in  the  sudden 
polyuria  occurring  after  an  attack  of  hysteria)  it  may  be  as  clear  as  water.  (Con- 
centrated urine,  as  after  meals,  or  the  first  urine  j)assed  in  the  morning,  luis  a 
darker  colour ;  it  is  a  dark  yellow  or  brownish-red ;  while  it  is  usually  dark 
coloured  in  fever. 

Fa-tal  urine,  and  also  the  urine  liret  passed  after  birth,  are  as  clear  and  colourless  as  water 
The  admixture  of  various  substances  with  the  urine  alters  its  colour.  When  mixed  with  blood 
accoi-diug  to  the  degree  of  decomposition  of  the  biemoglobin,  the  urine  is  red  or  dark  brownish 
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red  [more  frequently  it  is  smoky]^  especially  if  the  blood  comes  from  the  kidneys  and  tlie  urine  is 
acid.  When  mixed  with  bile  pigments,  it  is  of  a  deep  yellowish-brown,  with  an  intense  yellow 
froth  ;  senna  taken  internally  makes  it  intensely  red,  rhubarb  brownish-yellow,  and  carbolic 
aciil  black.  Urine  undergoing  the  ammoniacal  fermentation  may  present  a  dirty  bluish  appear- 
ance owing  to  the  formation  of  indigo.  The  colour  of  mine  is  estimated  by  Neubauer  and 
Vogel  by  means  of  an  empirical  "  colour-scale." 

Urine,  but  especially  ammoniacal  urine,  exhibits  fluorescence,  whicli  disappears  on  the 
addition  of  an  acid,  and  reappears  after  the  addition  of  an  alkali. 

Normal  urine,  after  standing  for  several  hours,  deposits  a  fine  cloud  of  vesical  mucus  [like 
delicate  cotton  wool].  The  froth  of  normal  urine  is  wnite,  and  disappears  pretty  rapidly,  while 
that  on  an  albuminous  urine  persists  much  longer.  The  urine  not  unfrequently  contains  some 
epithelial  cells  from  the  bladder  and  urethra. 

[Of  the  total  solids  ( =  65  grams)  urea  =  about  32  grams,  clilorides  =  15  grams, 
phosphoric  acid  =  25  grams  =  49*5  grams;  the  remainder  consists  of  other  sub- 
stances, so  that  about  §  are  organic  and  J  inorganic] 

[The  follo\ving  table  give^  ai)proximately  the  average  quantities  in  grams  of  the 
chief  substances  excreted  in  the  urine  by  a  healthy  adult  in  24  hours. 


Total  Amount  in  GramM. 

Percentage  in  Gram^i. 

Water, 

.      1440-1500 

96 

Solids, 

57  -  68 

4 

rUrt-a,       .... 

28  -  32 

2-5-3 

Organic       ^^^,,;        : 

7 
•3-2 

•05 
•015-    -1 

.Kreatinin, 

1-7 -2-1 

•1 

'  Sodic  chloride, 

15-20 

1-1-25 

Phosphoric  acid, 

2-5-3 

•16 

Sulphuric  acid. 

Sodium,  .... 

2-2-5 

•15 

Inorganic  - 

5-7 

•4 

Magnesium, 

•4 

•03 

Potiissium, 

3-4 

•25 

.Calcium, 

•3 

•02] 

[Amountm  of  the  Several  I.rinaky                     !|        [Amounts  of  the 

Several  Urinary 

CoxHTiTL'ESTs  {Loehisch). 

CONHTITUENTS  PAHSED 

1 

IX  24  Hours  {Parke$\. 

i      Man,  28  years  of  age. 

Mean  of 

1 

weight,  72  kilo.s.,  observa- 

analyses in 

tions  over  8  days  {Renter). 

different 

1 

By  an  aver- 

Per  1 

C0S8TITL'EST!». 

R. 

individuals 
{Vogel). 

'           COXSTITLEXTS. 

1 

ago  man  of 
66  kilos. 

kilo,  of 
body, 
weight. 

In  24  liour 

Mln.     1    Max. 

1 

Mean. 

In  24  hours.  ,| 

c.c.     ,'     c.c. 

c.c. 

c.c.          1 

grms. 

grms. 

Quanllty,  . 

1099       21i5<) 

1491 

1500             t  Water.        . 

1500000 

23  000 

Specific  gravity, 

1015     ;  1027 

1021 

1020 

Total  soUdf*, 

72000 

MOO 

Water,        .        .        . 

1 

... 

1440 

Urea,         .        .        . 

83180 

0-500 

Solids, 

1 

GO 

,  Trie  add,  . 

0-555 

0-0064 

Ui-ca, 

3200        43-4 

38*1 

85 

nippurlc  add,    . 

0-400 

00060 

UilcacUl,  . 

069  1        1-87 

0-94 

0-75 

Kreatinin, 

0910 

00140 

Sodium  chloride, 

1500  ,      19-20 

16-8 

16-5 

:  Pigment    and    other 

Phfigphorlc  acid, 

800  !        4-07 

8-42 

8-5 

aubstances,     . 

10-800 

01510 

Sulphuric  acid,  . 

2 -20  1        2-84 

2-48 

20 

Sulphuric  acid,  . 

2  012 

0-0305 

Phosphorus,  Calcluin,  '       025  '       0*51 

0-38 

..> 

;  Phosphoric  add, 

3-164 

00486 

Magnc^Ium  phospliute,         0-6*7  i       1-29 

0-97 

Chlorine,   , 

7-000  (812) 

01260  1 

ToUiI     quantity     off 
earthy  phosphates,)' 

0-92         1-80 

1'85 

1-2 

Ammonia, . 
Potassium, 

0-770 

2-500                 ...       i 

Ammonia, . 

0-74  :       1-01 

0-83 

0-65 

Sodium, 

11-090 

1 

Free  acid,  . 

1-74  I       2-20 

1 

1-95 

8      ] 

Calcium,    . 
Magnesium, 

0-260 
0-207 

1 

4.  Consistence. — Normal   urine,  like  water,  is   a  freely  mobile  fluid.     [The 
temperature  is  alx)ut  39°  C] 

Large  quantities  of  sugar,  albumin,  or  mucus  make  it  less  mobile  ;  while  the  so-called  chylous 
urine  of  warm  climates  may  be  like  a  white  jelly. 

5.  The  taste  is  a  saline  bitt(5r,  the  odour  is  characteristic  and  aromatic. 

Ammoniacal  urine  has  the  odour  of  ammonia.     Turpentine  taken  internally  gives  rise  to  the 
odour  of  violets,  copaiba  and  cubebs  a  strongly  aromatic,  and  asparagus .  an  unpleasant  odour. 
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Ynlcriaii,  assafcetiila,  aud  castoreuin  [but  not  camphor]  also  produce  a  characteristic  odour. 
[The  odour  of  diabetic  urine  is  described  as  "sweet  ] 

6.  The  reaction  of  normal  urine  is  acid,  owing  to  the  presence  of  acid  salts, 
chiefly  acid  sodic  phosphate,  [NaHgPO^]  which  seems  to  be  derived  from  ])asic 
sodic  phosphate,  owing  to  the  uric  acid,  hippuric  acid,  sulphuric  acid,  and  CO^ 
taking  to  themselves  part  of  the  soda,  so  that  the  phosplioric  acid  forms  an  acid 
salt.  After  a  diet  of  flesh,  acid  potassic  phosphate  is  the  cause  of  the  acidity. 
That  the  urine  contains  no  free  acid  is  proved  by  the  fact  that  it  gives  no  precipi- 
tate with  sodic  hyposulphite  {v.  Voit,  Huj)pei't).  [The  uric  acid  exists  as  urates, 
the  hipj)uric  acid  also  is  not  free,  but  exists  as  an  alkaline  hippurate.  Briicke  has 
proved  this  ])y  congo-red,  which  gives  a  violet  or  inky  colour  with  one  part  of 
free  hippuric  acid  in  55,000  of  water,  ])ut  urine  gives  no  change  of  colour.] 

The  acid  reaction  is  inoreaaed  after  the  use  of  acids,  e.g.^  hydrochloric  and  phosphoric,  also 
by  amnioniacal  salts,  which  are  changed  within  the  body  into  nitric  ncid  ;  lastly,  after  pro- 
longed muscular  exertion.  The  morning  urine  is  stronglv  acid.  [Sometimes  under  patho- 
logical conditions  free  fntty  ncids  appear  in  the  urine  (lipaciduria).] 

The  urine  becomes  less  acid  or  alkaline — (1)  By  the  use  of  caustic  alkalies,  alkaline 
carbonates,  or  alkaline  salts  of  the  vegetable  acids,  the  last  being  oxidised  within  the  body 
into  carbonates.  (2)  By  the  presence  of  calcic  or  magnesia  carbonate.  (8)  By  admixture 
with  alkaline  blood,  or  pus.  (4)  By  removing  the  gastric  juice  through  a  gastric  fistula  (i).  293 — 
Maly) ;  further,  from  one  to  three  hours  after  a  meal.  [The  reaction  of  urine  pnssed  during 
digestion  may  be  neutral,  or  even  alkaliuc.  This  is  due  either  to  the  foimation  of  acid  in  the 
stomach  (Boicc  Jones)^  or  to  a  fixed  alkali  derived  from  the  basic  alkaline  phosphates  taken 
with  the  food  (  W,  Moberts).]  (5)  The  urine  is  rarely  alkaline  in  nneemia,  owing  to  a  deficifncy 
of  phosphoric  and  sulphuric  acids.  [(6)  The  nature  of  the  food— vegetable  food  makes  it 
alkaline.  (7)  By  profuse  sweating.  (8)  By  absorption  of  alkaline  transudations  (blood, 
serum).] 

[Method. — The  reaction  of  urine  is  tested  by  means  of  litmus  ])aper.  Normal  urine  turns 
blue  litmus  ]>aper  red,  and  does  not  affect  red  litmus.  An  alkahne  urine  makes  red  Htmua 
paper  blue,  while  a  neutral  urine  does  not  alter  either  blue  or  red  litmus  paper.]  Sometimes 
violet  litmus  ])npef  is  used,  which  becomes  red  iu  acid,  aud  blue  in  alkaline  urme. 

Estimation  of  the  Acidity. — This  is  done  by  determining  the  amount  of  caustic  soda 
necessary  to  produce  a  neutral  reaction  in  100  c.c.  of  urine.  A  soda  solution,  containing  0*0031 
gnn.  of  soda  in  each  c.c,  is  used  ;  1  c.c.  of  this  solution  exactly  neutralises  0*0063  grm.  oxalic 
acid.  To  the  100  c.c.  of  urine  in  a  beaker,  soda  solution  is  added,  drop  by  drop,  from  a 
gi-aduated  burette  (fig.  307),  until  violet  litmus  paper  becomes  neither  red  nor  blue.  The 
number  of  C.C.  of  soda  solution  is  now  read  off  on  the  burette,  and  as  each  c.c.  corresponds  to 
0*0063  grm.  oxalic  acid,  we  can  easily  calculate  the  amount  of  oxalic  acid  which  is  equivalent 
to  the  degree  of  acidity  in  100  c.c.  of  urine.  So  that  the  degree  of  acidity  of  the  urine  is 
expressed  by  the  equivalent  amount  of  oxalic  acid,  which  is  completely  neutralised  by  the 
same  amount  of  caustic  soda.] 

[Urine  of  Mammals.  —The  urine  of  camivora  is  pale,  passing  into  a  golden-yellow;  its 
specific  gravity  is  high,  and  its  reaction  strongly  acid.  The  urine  of  herMvora  is  alkaline  ;  it 
snows  a  precipitate  of  enrthy  carbonates  (hence,  it  effervesces  on  the  addition  of  an  acid),  and 
of  basic  earthy  phosphates.  During  hunger,  the  urine  presents  the  character  of  that  of  car* 
nivora,  as  the  animal  in  this  case  prnctically  lives  upon  its  own  flesh  and  ti-ssues.] 

256.  I.  THE  ORGANIC  CONSTITUENTS  OF   URINE.— Urea,  C0(NH3)^ 

the  (lianiid  of  COj,  or  carbamid,  is  the  chief  end-product  of  the  oxidation  of  the 
iiitro<^enous  constituents  of  the  body  (p.  419).  Its  composition  is  comparatively 
simple  :  1  carbonic  acid  +  2  ammonia  -  1  water.  It  crystallises  in  silky  four-sided 
prisms  with  oblique  ends  (rhoml)ic  system),  without  water  of  crystallisation  (fig. 
308,  1) :  if  it  crystiillises  rapidly  it  forms  delicate  white  needles.  It  has  no  action 
on  litmus,  is  odourless,  and  has  a  weak,  bitter,  cooling  taste,  like  saltpetre ;  is 
readily  soluble  in  water  and  alcohol,  but  insoluble  in  ether.  It  is  an  isomer  of 
ammonium  cyanate,  from  which  it  may  be  i)repared  by  evaporation,  whereby  the 
atoms  rearrange  themselves  (  Wiifiler,  1828).  It  can  be  prejmred  artificially  in  many 
other  ways. 

Decompoeition  of  Urea. —When  heated  above  120',  it  pives  oft*  ammonia  vapour,  while  a 
glassy  mass  of  biuret  and  cyanic  acid  is  If  ft.  When  urine  undergoes  the  alkaline  fermentatioa 
(§  263),  or  when  urea  is  treated  with  strong  mineral  acids,  or  boil^  with  the  hydimtat  of  tlM 
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alkalies,  or  superheated  with  water  (240"  C),  it  takes  up  two  molecules  of  water  and  produces 
animonium  carbonate,  thus — 

CO(NHj),  +  2H,0  =  (NH,),C03. 

When  brought  into  relation  with  nitrous  acid,  it  splits  up  into  water,  CO,,  and  N.     The  last 
two  decompositions  are  made  the  bases  of  methods  for  the  quantitative  estimation  of  urea  (§  257). 
[Biuret. — Wlien  urea  is  heated  to  150''-17O''  C.  it  melts,  gives  off  ammonia,  and  the  substance 
which  remains  is  biuret 

2CON3H4  -  NHg-  CA^sHs 
Urea.  Biuret. 

Biuret  with  caustic  potash  and  CUSO4  gives  a  characteristic  rosy  solution.] 

Quantity. — In  normal  urine,  urea  occurs  to  the  extent  of  2*5  to  3*2  per  cent 
An  adult  man  excretes  daily  from  30  to  40  grms. 
[500  grains,  or  a  little  over  1  oz.] ;  women  lessj 
children  relatively  more  [at  3-6  years,  1  f(ram  : 
8-11,  -8  gram;  and  13-16,  '4- '6  gram  per  kilti.  of 
body-weight]  ;  owing  to  the  rehitively  greater  lueta* 
holism  in  children,  the  unit  weight  of  body  profhuie^ 
more  urea  than  the  unit  weight  of  an  adult,  in  the 
proportion  of  1*7  :  1.  If  the  metabolism  of  the 
body  is  in  a  condition  of  equilibrium  (§  230),  the 
urea  excreted  contains  almost  as  much  K  as  is  kiktm 
in  with  the  nitrogenous  constituents  of  the  footl  (p. 
439). 

Variations  in  the  Quantity.  —The  amount  of  umai 
increases  when  the  amount  of  proteids  in  the  i<m\ 
is  increased ;  and  also  when  there  is  a  more  rfi|ii(l 
breaking  up  of  the  nitrogenous  tissues  of  the  hody 
itself.     As  tliis  breaking  up  is  increased  by  diiuiiiu- 
tion  of  O,  ami  by  loss  of  blood,  so  these  conditions 
also  increase  the  urea  (§  41).     It  is  also  increaj^Lnl 
by  drinking   large    draughts  of   water,   by  vnrioiiH 
salts,   by  frequent  urination,    and   by   exposmo  Uf 
(compressed  air.     In  diabetic  persons,  who  eat  vr-ry 
large  quantities  of  food,  it  may  exceed  110  grin^. 
[over  3  oz.]  per  day;  during  hunger  it  sinks  to  6  1 
grms.  [90  grains]  per  day.     During  inanition,  the 
maximum   amount    is   excreted   towards    mid-duVj 
(uid    the   minimum    in    the   morning.      The    diuly 
amount  of  urea  varies  with  the  quantity  of  urine ; 
three  to  four  hours  afU»r  a  meal,  the  forma- 
tion of  urea  is  at  a  maximum,  when  it  sinks 
and  roaches  its  minimum  (hiring  the  night. 
Muscular  exercise,  as  a  rule,  does  not  in- 
crease   it   {v.    Voif,    Flck    and    Widicenn^) 
although    Pfliiger    states    that    greatly    in- 
creascnl  muscular  activity  incniiuses  the  urea, 
and  in  the  same  proportion  the  total  N  ex- 
creted by  the  urine  (§  295). 


Fig.  807. 
Graduated  burette. 


Pathological.— In  acute  febrile  inflammations,  and  in  feven  generally  (§  220,  8),  the  urea 
increases  until  the  crisis  is  reached,  and  afterwards  it  diminishes.  After  the  fever  has  )>a8aed 
off,  the  amount  excreted  is  often  under  the  normal.  In  some  cases  of  high  fever,  although  the 
amount  of  urea  formed  is  increased,  it  may  not  be  excreted  ;  thei-e  is  a  retention  of  the  urea, 
whirh,  later  on,  may  lead  to  an  increased  excretion  {Nauni/n).  In  chrmiic  diseases,  the  amount 
depends  largely  upon  the  state  of  the  nutrition,  the  metabolism,  and  also  upon  the  degree  of 
fever  present.     Degenerative  changes  in  the  liver,  e,g,,  due  to  poisoning  with  phosphorus,  may 
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be  accompanied  by  diminished  excretion  of  urea  and  increased  excretion  of  ammonia 
(Stadelmann).  It  is  increased  in  man  by  morphia,  narcotin,  narcein,  papaverin,  codein, 
thcbain  {Fubini\  arsenic  {Gathgens\  compounds  of  antimony,  and  small  dosfs  of  phoHphorua 
{Bauer\  which  favour  the  decomposition  of  proteids,  and  by  substances  which  increase  the 
bile  formation  in  the  liver  {N,  Paton),     Quinine,  which  "spares"  the  proteids,  diminishes  it 

Oocnrrence.—Urea  occurs  in  the  blood  (1  :  10,000),  lymph,  chyle,  (2  :  1000),  liver,  lymph- 
fflands,  spleen,  lungs,  brain,  eye,  bile,  saliva,  amniotic  fluid,  and  pathologically  in  sweat,  e.g.^ 
in  cholera,  in  the  vomit  and  sweat  of  urremic  patients,  and  in  dropsical  fluids. 

Formation  of  Urea. — It  is  certain  that  it  is  the  cliief  end-product  of  the  meta- 
bolism of  the  proteids.  Less  oxidised  products  are  uric  acid,  guaiiiu,  xanthin^ 
hypoxanthiu,  aUoxaii,  allantbin,  [but  it  does  not  follow  that  these  are  precursors 
pf  urea].  Uric  acid  administered  internally  api)ears  in  the  urine  as  urea  ;  alloxan 
and  hypoxanthin  can  be  directly  changed  into  urea.  The  urea  excretion  is 
increased  by  the  administration  of  leucin,  glycin,  aspartic  acid,  or  ammonia  salts 
(Schuheriy  Nendd).  As  yet  it  lias  not  been  definitely  determined  where  urea  is 
formed,  but  the  liver,  and,  perhaps,  the  lymph-glands,  are  organs  where  it  is  pro- 
duced (§  178). 

In  birds  the  liver  fonns  uric  acid  from  ammonia.  The  liver  can  be  readily  excluded  from 
the  circulation  iu  birds,  and  Minkowski  found  that  after  this  operation  the  uric  acid  was  dimi- 
nished and  the  ammoniacal  salts  were  increased  (§  178). 

Antecedents  of  Urea. — During  digestion,  part  of  the  proteids  is  converted  into 
leucin,  tyrosin,  glycin,  and  aspartic  acid.     If  the  amido-acids,  glycin,  leucin,  or 


Fig.  308. 

1,  2,  Prisms  of  pure  ui-ea ;  3,  rhomboidal  plates ;  ^,  hexagonal  tablets  ;  5,  6,  irregular  scales 

and  plates  of  urea  nitrate. 

aspartic  acid,  or  ammoniaciil  salts  be  given  to  an  animal,  the  amount  of  urea  excreted 
is  increased.  As  the  molecule  of  the  amido-acids  contains  only  one  atom  of  N,  and  the 
molecule  of  urea  contains  two  of  N,  it  is  i)ro])able  that  urea  may  be  formed  tft/jUketi- 
tally  from  tlicse  acids.  It  is  possible  that  the  amido-acids  meet  with  nitrogenous 
residues  in  the  juices  of  the  body,  e.f/.,  carbamic  acid  or  cyanic  acid.  The  union  of 
these  may  produce  urea.  Accoixling  to  Salkowski,  feeding  with  these  substancea 
causes  the  breaking  up  of  the  proi)er  proteids  of  the  body  so  as  to  provide  the 
necessary  components.  8chmiedel)erg  is  of  oi)inion  that  urea  is  formed  in  the 
body  from  ammonium  carbonate  by  the  removal  of  water ;  and  v.  Schroder  found 
that  when  he  passed  blooil  containing  ammonia  carbonate  through  a  "  surviving  " 
liver  the  urea  in  the  Idood  was  greatly  increased.  Drechsel  succeeded  in  producing 
urea  at  ordinary  temiHjratures  by  the  rapid  alternating  oxidation  and  reduction  of  a 
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watery  solution  of  ammonium  carbonate.  [We  know  tliat  the  greater  part  of  the 
urea  exists  in  the  blood,  and  that  the  renal  epithelium  removes  it  from  the  blood. 
Although  it  is  surmised  that  some  of  the  nitrogenous  bodies  named  above,  more 
e«pecially  leucin,  and  perhaps  also  kreatin,  are  the  precursors  of  urea,  yet  we 
cannot  say  definitely  how  or  where  the  transformation  takes  place.  Perhaps  this 
is  effected  in  the  liver,  and,  it  may  be,  also  in  the  spleen  (§  193).] 

Preparation  of  Urea. — Urea  may  l>e  prepared  from  dog's  nrine  (especially  after  a  diet  of  flesh) 
by  evaporating  it  to  a  syrupy  consistence,  extracting  it  with  alcohol,  and  ap^in  evaporating  the 
Hltrate  to  a  syrupy  consistence.  The  crystals  which  separate  are  washed  with  water  to  remove 
any  extractives  that  may  be  mixed  with  them,  and  dissolved  in  absolute  alcohol.  It  is  then 
filtered  and  allowed  to  crystallise  slowly. 

Or,  human  urine  may  be  evaporated  to  one-sixth  of  its  volume  and  cooled  to  O'',  and  excess 
of  strong  pure  nitric  acid  added,  which  precipitates  urea  nitrate  mixed  with  colouring  matter. 
This  precipitate  is  pressed  in  blotting-paper,  then  dissolved  in  boiling  water  containing  animal 
charcoal,  and  filtered  while  hot.  When  it  cools,  colourless  crystals  of  urea  nitrate  separate  (fig. 
308).  These  crystals  are  redissolved  in  warm  water,  and  barium  carbonate  added  until  effer- 
vescence ceases  ;  urea  and  barium  carbonate  are  formed.  Evaporate  to  dryness,  extract  with 
absolute  alcohol,  filter,  and  allow  evaporation  to  take  place,  when  urea  separates. 

Compounds  of  Urea. — Urea  combines  with  acids — nitric,  oxalic,  phosphoric — 
bases,  and  salts  (NaCl,  nitrate  of  mercury).  The  following  are  the  most 
important  combinations  : — 

1.  Urea  nitrate  (CH4N2O,  HNO3)  is  easilv  soluble  in  water,  and  not  so  soluble  in  water  con- 
taining nitric  acid.  It  forms  characteristic  rhombic  crystals  (fig.  808,  3,  4,  5,  6).  Sometimes 
the    formation   of   these  crystals  is  used  to  determine 

microscopically  the  presence  of  urea  in  a  fluid.     If  a  U'^    C3             ^^ 

fluid  is  suspected  to  contain  minute  traces  of  urea,  it  is  rj  0^^       ^^      ^^ 

concentrated  and  a  drop  of  the  fluid  is  put  on  a  micro-  v    ^^F ^    ^~J f^^ 

scopic  slide.     A  thread  is  placed  in  the  fluid,  and  the  ^\           V    "^^^^^^^^ 

whole  Ls  covered  with  a  cover-glass,     A  drop  of  conoen-    » 1       v'  p         .^^^ 

trated  nitric  acid  is  allowed  to  flow  under  the  cover-glass,    *    r^        ^1 J  f'^^V 

and  after  a  time  crystals  of  urea  nitrate  adhering  to  the  "'^^   ^^  ^^       V^  y    /— | 

thread  may  l)e  detected  with  the  microscope.  ^  ^^^*^€^^  \  C^^"^^     fflf 

2.  Urea  oxalate  (CH4NoO)3,  C2Hj04-f  H-O,  is  made  by  ^^^n  V     3         r^ 
mixing  a  concentrated  solution  of  urea  with  oxalic  acid.  ^    \,^         ^i 
The   crystals   form   grouns   of  rhombic   tables,   often   of  ."''^  q  ^ ^\ 
irregular  shape.     It  is  only  slightly  soluble  in  cold  water,  '^"^^            %^^ 
and  still  less  so  in  alcohol  (fig.  809).  „.             ^^ 

8.  Urea  phosphate  (CH4N2O,  H3PO4),  forms  large,  glanc-  •"^^fr  ^09. 

ing,  rhombic  crystals,  very  easily  soluble  in  water.     It  is      Perfect  crystals  of  oxalate  of  urea, 
obtained  by  evaporating  the  urine  of  pigs  fed  on  dough. 

4.  Sodic  chloride  +  urea  (CH4N2O,  NaCl  +  H.p)  forms  rhombic,  shining  prisms,  which  are 
sometimes  deposited  in  evaporated  human  urine. 

5.  Urea  +  mercuric  nitrate  is  obtained  as  a  white  cheesy  precipitate,  when  mercuric  nitrate 
is  added  to  a  solution  of  urea.  Liebig's  titration  method  for  urea  depends  on  this  reaction 
(§257,  II.). 

257.  ftUALITATIVE  AND  ftUANTITATIVE  ESTIMATION  OF  UEEA.^ 
I.  The  qualitative  Estimation  of  Urea. — (1)  It  may  be  isolated  as  suck.  If 
aflmmin  be  present,  add  to  the  fluid  three  or  four  times  its  volume  of  alcohol, 
aud,  after  several  hours,  tiltcr.  Evaj>orate  the  filtrate  over  a  water-bath,  and 
dissolve  the  residue  in  a  few  drops  of  water. 

(2)  The  crystals  of  urea  nitrate  may  be  detected  microscopically  (fig.  308). 

IL  Quantitative  Estimatioa — (1)  Sodic  hypobromite  decomposes  urea  into 
COoj  H.2O,  aud  N.  On  this  reaction  depends  the  Knop-Hiifner  method  of 
quantittitivo  estimation.  The  X  rises  in  the  form  of  small  bubbles  in  the  mixed 
fluid,  while  the  COg  is  absorl>ed  by  the  caustic  soda.  [The  reaction  is  the 
following  : — 

N.JI4CO  +  3NaBrO  =  3XaBr  4  CO2  +  2H2O  +  X.^ . 

The  nitrogen  is  collected  and  estimated  in  a  graduated  tube,  and  the  amount  of 
urea  calculated  from  the  volume  of  nitrogen.     The  uric  acid  is  also  decomposed. 
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but  that  can  be  estimated  separately  and  a  correction  made.     We  may  use  the 
apparatus  of  Russell  and  West,  or  Dupre,  or  that  of  Charteris  (fig.  310).] 

[Ureameter. — Make  a  solution  of  hypobromite  of  soda  by  mixing  100  grams 
NaHO  in  250  c.c.  of  water,  and  adding  25  c.c.  of  bromine.  It  is  better  to  be 
made  fresh,  as  it  decomposes  by  keeping.  The  graduated  tube  is  placed  in  a 
cylindrical  vessel,  filled  with  water,  and  depressed  until  the  zero  on  the  tube 
coincides  with  the  level  of  the  water.  Introduce  15  c.c.  of  the 
liyix)bromitesohitioii  into  the  pyramidal-shaped  bottle,  while  into 
a  short  t^st-tubtj  art^  placed  5  c.c.  of  urine.  The  test-tube  with 
the  urine  is  introcluced  into  the  bottle  by  means  of  a  pair  of 
force|>s  in  such  a  way  that  it  does  not  spill.  Close  the  bottle 
tightly  with  the  cAoutchouc  stopper,  through  which  passes  a  glass 
tube  Ui  connect  it  with  the  graduated  burette.  Incline  the  bottle 
sKj  na  to  allow  the  urine  to  mix  with  the  hypobromite  solution 
when  th(i  gasee  an?  given  off,  and  pass  into  the  collecting  tube, 
whkh  is  gradually  niised  until  the  surfaces  of  the  liquids,  outside 
jiuil  in,  coincide.  Time  should  be  allowed  to  pennit  the  whole 
apparatus  to  have  the  same  temperature. 
Read  off  the  amount  of  gas  N  evolved,  for 
the  CO2  is  absorbed  by  the  caustic  soda. 
The  collecting  tube  is  usually  graduated 
beforehand,  so  that  each  division  of  the 
tube  is  =  0'l  per  cent,  of  urea,  or  0*44  gr. 
per  fluid  oz.  Thus,  suppose  that  50  oz.  of 
urine  are  passed  in  twenty-four  hours,  aiid 
that  5  c.c.  of  urine  evolve  18  measures  of 
N,  then  0*44x18x50  =  396  grs.  of  urea. 
If,  however,  the  tube  be  graduated  into 
c.c.  of  N  =  0*1   grm.   of  urea  at  the  ordinary  temperature  and 


Fig.  810. 
Ureameter  of  Charteris. 


cc,  then  30  3 
pressure.] 

m.  Volumetric  Method  {Li\^i^).—Jiy  means  of  a  j^raduated  pipette  (fig.  311),  40  cubic 
centimetres  of  the  urine  are  placed  in  a  beaker  ;  add  20  cubic  centimetres  of  barium  mixture 
to  precipitate  the  sulphuric  and  phosphoric  acids.  The  barium  mixture  consists  of  1  vol.  of  a 
cold  saturated  solution  of  barium  nitrate  and  2  vols,  of  a  cold  saturated  solution  of  barium 
hydrate.  Filter  thmugh  a  dry  filter,  and  take  15  cubic  centimetres  of  the  filtrate,  which  corre- 
spoitd  to  10  c.c.  0/  urine,  and  place  in  a  beaker.  Allow  a  titrated  standAid  solution  of 
mercuric  nitrate  to  drop  from  a  burette  into  the  urine  until  a  ])recipitate  no  longer  occurs. 
The  mercuric  nitrate  is  made  of  such  a  strength  that  1  cubic  centimetre  of  it  will  combine 
with  10  milligrams  »f  urea.  Test  a  dron  of  the  mixture  from  time  to  time  with  a  solution  of 
■odic  carbonate,  which  is  called  the  inoicator,  and  placed  in  a  wat<'h-g1ass  or  piece  of  glass 
blackened  on  its  under  surface.  Whenever  the  slightest  excess  of  mercuric  nitrate  is  added,  the 
mixture  strikes  a  yellow  colour  with  the  soda.  The  standard  solution  must  be  added  drop  by 
drop  until  this  result  is  obtained.  Read  otf  the  number  of  cubic  centimetres  of  the  standard 
solution  used  ;  as  each  centimetre  corrt-aponds  to  10  milligrams  of  urea,  multiply  by  ten,  and 
the  amount  of  urea  in  10  cubic  centimetres  of  urine  is  obtained. 

This  method  does  not  give  quite  accurate  results  even  in  normal  urine.  To  urine  containing 
much  phosphates  is  added  an  equal  volume  of  the  l>arium  mixture.  Very  acid  urines  may 
require  several  volumes  to  be  added.  Urine  containing  albumin  or  blood  must  be  boil^,  after 
the  addition  of  a  few  drops  of  acetic  acid,  to  remove  the  albumin.  The  sodic  chloride  in  the 
urine  also  interferes  with  the  accuracy  of  the  process,  as,  on  adding  mercuric  nitrate  to  urine, 
mercuric  chloride  an<l  sodic  nitrate  are  fonned,  so  that  the  urea  does  not  combine  nntil  the 
sodic  chloride  is  decom))osed.  When  the  urine  contains,  as  is  usually  the  ca^e,  1  to  1^  per 
cent.  NaCl,  deduct  2  c.c.  from  the  number  of  c.c.  of  the  S.S.  added  to  10  cc.  of  urine. 

Eetimation  of  the  total  N  in  Urine  (Kjeldahl's  Method).— Pflitger  and  Bohland  recommend 
the  following  mollification  of  the  method  of  Kjcldahl.  Five  c.c.  of  a  urine  of  medium  con- 
centration are  allowetl  to  flow  from  a  burette  into  Erlenmeyer*s  flask,  capable  of  containing 
about  300  CO.,  and  to  it  are  added  20  c.c.  of  concentrated  sulphuric  acid.  The  whole  in  boiled 
until  all  the  water  and  gases  are  driven  off.  The  fluid  at  first  becomes  black  from  the  action 
of  the  sulphuric  acid,  but  when  it  has  become  of  brownish  tone  lessen  the  heat  of  the  fiunaen 
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burner.  About  half  an  hour  suflBces  to  heat  it,  when  the  fluid  at  last  becomes  bright  yellow. 
Allow  it  to  cool,  dilute  it  with  water  to  200  c.c,  and  place  the  whole  in  a  flask,  add  80  c.c. 
of  caustic  soda  (S.G.  1*3),  cork  the  flask  as  quickly  as  possible,  and  distil  its  contents.  The 
distillate  must  pass  over  into  sulphuric  acid,  which  must  be  titrated  beforehand.  The  quantity 
of  sulphuric  acid  not  combined  with  ammonia  must  be  estimated  by  titration 
with  caustic  soda. 

The  N  in  the  Urine  may  be  estimated  approximately  thus.  To  10  c.c.  of  the 
urine  add  from  a  burette  Liebi^'s  mercuric  nitmte  solution,  and  test  the  mixture 
on  a  black  glass  plate  with  dry  sodic  bicarbonate  until  a  yellow  speck  remains. 
Multiply  the  number  of  c.c.  of  the  burette  fluid  used  by  0*04  {Pftiiger  and  Boh- 
larul). 

258.  TJBIG  ACID  =  CgH^N^Og  is  the  nitrogenous  substance  which, 
next  to  urea,  carries  off  most  of  the  N  from  the  body ;  in  twenty-four 
hours  0*5  grm.  (7  to  10  grains) ;  during  hunger,  0*24  grm.  (4  grains) ; 
after  a  strongly  animal  diet,  2*1 1  grm.  (30  to  35  gi-ains)  are  excreted ; 
[on  a  purely  vegetable  diet  it  amounts  to  0*2  to  0*7  gram.]  The 
proportion  of  urea  to  uric  acid  is  45  : 1. 

If  a  mannnal  be  fed  with  uric  acid,  part  of  it  becomes  more  highly 
oxidised  into  urea,  while  the  oxalic  acid  in  the  urine  is  also  increased 
(§  260) ;  in  fowls,  feeding  with  leucin,  glycin,  or  Jispartic  acid  {v. 
Kfiieriem),  or  ammonium  carbonate  {Schroeder),  increases  the  amount 
of  uric  acid.  When  urea  is  administered  to  fowls,  it  is  reduced  chiefly 
to  uric  acid.  The  fresh  splenic  pulp  containing  so  many  decomposi- 
tion products  of  leucocytes  (nuclein,  xanthin-bodies,  p.  169)  (§  169) 
when  treated  with  warm  blood  yields  it  (Horbaczeicsld).  It  is  the 
chief  nitrogenous  product  in  the  urine  of  birds,  reptiles,  and  insects. 
It  is  sometimes,  but  not  always,  absent  from  herbivorous  urine. 

Properties. — It  is  dibasic,  colourless,  and  crystallises  in  various 
forms  (figs.  312  and  313),  belonging  to  the  rhombic  system  (1). 
When  th(j  angles  are  rounded,  the  whetstone  form  (2)  is  produced,  and 
if  the  long  surfaces  be  flattened,  six-sided  tables  occur.  Not  unfre- 
quently  diabetic  urine  deposits  spontaneously  large,  yellow,  transparent 
rosettes  (6,  8).  If  20  c.c.  of  HCl,  or  acetic  acid,  be  added  to  1  litre 
of  urine,  crystals  (9)  are  deposited,  like  cayenne  pepper,  on  the 
surface  and  sides  of  the  glass,  a/tet'  several  hours.  [The  HCl  decom- 
poses the  urates,  and  liberates  the  acid,  which  does  not  crystallise  at 
once,  owing  to  the  presence  of  the  phosphates  in  the  urine.  Crystals 
of  uric  acid  are  usually  yellowish  in  colour  from  tht*  pigment  of  the  urine  (fig. 
312),  and  they  are  soluble  in  caustic  potash.] 

Solnbility. — It  is  tasteless  and  odourless  ;  reddens  litmus  ;  is  soluble  in  15,000  parts  of  cold 
and  in  1900  of  boiling  water,  and  insoluble  in  alcohol  and  ether.  Horbaczewski  prepared  it 
synthetically  by  melting  together  glycin,  or,  as  it  is  also  called,  glycocin,  and  urea. 

[C,H5N0.j  +  3COX2H4  -  ORH4N4O3  +  3X  H3  -h  2H3O] 
Glycocin  L'rea  Uric  acid 

It  is  freely  soluble  in  alkaline  carbonates,  borates,  phosphates,  lactates,  and  acetates,  these 
salts  at  the  same  time  removing  a  part  of  the  base  ;  thus  tncre  arc  fonned  acid  urates  and  acid 
salts  from  the  neutral  salts.  It  is  soluble  in  concentrated  sulphuric  acid,  from  which  it  may 
be  precipitated  hy  the  addition  of  water.  [The  phosphates  play  an  important  jwirt  in  keeping 
it  in  solution  in  the  urine.] 

Decomposition. — During  dry  distillation  it  decomposes  into  urea,  cyanuric  acid,  hydrocyanic 
acitl,  an<l  amnioiiium  carbonate.  Superoxide  of  lead  converts  it  into  urea,  allantoin,  oxalic 
acid,  and  COj  ;  while  ozone  forms  the  same  substances,  with  the  aildition  of  alloxan.  When 
it  is  reduced  by  H  in  statu  nascemli,  as  by  sodium  amalgam,  it  forms  xanthin  and  sarkin.  It 
is  a  less  oxidised  metabolic  product  than  urea,  but  it  is  by  no  means  proved  that  uric  acid  is  a 
precursor  of  urea. 

Occurrence. — Uric  acid  occurs  dissolved  in  the  urine  in  the  form  of  acid  urates 
of  soda  and  potash.     These  salts  occur  also  in  urinary  calculi,  gravel,  and  in.  ^^"^^ 


Fig.  311. 
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i1*'posit^,  Annimnium  iiratt?  occurs  ui  very  small  qiunitity  in  a  deposit  of  "  urates/' 
hut  is  fonned  in  conisi  item  bio  amount  when  urine  hf^con^es  amnioniaeal  from  liccoui* 
IKKsition  {%.  317).  Free  uric  add  ot€ui*8  in  normal  uriin^  only  in  the  very  smallest 
amount.  It  ia  .somctinMJS  ilopositvtl  a/7er  «  fn//^  (iig.  310).  It  frrquf-iitly  forms 
urinary  calculi  and  gmv(4. 

The  uriDf?  of  newl^'^boiu  chiltlrtin  contains  aiurh  uric  aciii  Uric  ncid  and  its  »alis  »re 
incruaaed  ttftt-r  sevei-e  imiwukir  exiTtioii,  at'roiii|miiitMl  hv  |»er»piration,  in  caturi'lia]  and  rhcu- 
UMtii!  fov'cra^  Ami  saeb  rondilioiiB  as  aru  actoiiiiKintcd  by  diBturlvnice  of  the  rf^jiimtion  \  in 
li^nktetuia  and  tiaiKiiirM  wf  the  splocii    cirrhotic  liver,  nod  generally  in  cases  of  cntHrrh  of  the 


e 


nk 


Fig,  812. 

Fornia  of  uric  uoid*  1.  Klioiubic  phittis ;  2^  \v1it5titouc  forms;  3,  quadrate  forms;  I,  5,  pro- 
lougpd  into  poiiits  ;  t!»  S,  rosettes  ;  7,  poiuled  buudlea  ;  9,  hHrrtd  forms  prm:ipitat€d  hy 
adding  hydroeldorio  acid  to  urine. 

utoinach  and  intestinal  tract,  foUowitig  the  excessive  use  of  alcohoh  [It  is  certainly  ineroaaed 
in  leukf^mia,  a:i  iiiikIi  as  4  grtirns  havo  l»e«n  elimtUtttiHi  iu  "li  hours.  It  is  also  incnsased  diiriiM| 
ogUtt  aud  fevers,  aud  perhaps  thin  has  sudq  relation  to  the  congestion  of  the  spieea  wbieH 
ic<M>fti  pin  lies  the^ie  conditious.]  tt  is  diminkbed  after  copious  druufchtd  of  water,  after  targu 
dosoit  of  i|ttiniue,  culft-iti,  pota>ssic  imlide,  common  salt,  ^odic  and  lithic  carbonates,  sodic  sul- 
phate, inhalation  of  O,  slight  muscular  t'xertiou.  In  gout»  the  amount  excreted  in  the  urine 
IS  small.  In  chronic  tiuuours  of  the  spleen,  anicmia,  and  chlorosis,  when  the  ix'spiratiou  is  not 
at  the  same  time  embarrassed,  it  is  aUo  dimiius^hcd. 

[The  quantity  of  uric  aciil  excreted  is  greatest  diiriug  the  *' alkaline  tide/*  By  the  use  of 
acids  the  uric  nciiJ  i*5  relatively  diminished.  Sup[K>se  the  normal  ratio  of  uric  acid  to  urea  to  he 
1 :  35,  then  after  the  usu  of  acids  1 4  grunis  of  cilKc  acid  three  times  daily),  the  proi¥>rtiou  mill 
he  about  1  :  41.  If  alkalies  be  taken,  (3  gram:)  citrate  of  potash  three  times  daily)  the  reverse 
is  the  caae,  the  ratio  becomes  about  1  :  2S  {Htti^),} 

Vratea — Uiic  acid  fonus  salts— chiefly  add  urates^ — with  s«?venil  basca,  which 
tlisscdvo  with  diUicidty  in  cold  water,  but  are  easily  si^duble  in  warm  wati^r.  Neutral 
imttes  are  olianged  by  CU^  into  acid  salt^.  [The  urates  are  insoluble  substjuic^e 
Olid  are  readily  preeipitat*?d»  but  this  ix'cure  more  n^adily  during  the  acid  for 
timtion  of  urine,  becau.se  the  acid  urate  of  so^^litim  \a  then  fomietl,  ami  it  is  more 
insoluble  than  \\\v  noilnal  unite  — 


Hyilrochloric  and  acetic  acitls  bn?ak  up  the  com  pounds  and  cr)*jjtixl»  of  uric  i(ekl 
Si^paratc.     [According  to  W.  Roberts  uric  acid  is  perhaps  a  vesiigiai  reuimml  in 
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mammalian  descent.  Besides  the  acid  and  normal  urates  Roberts  describes  what 
he  calls  quadnirates,  and  he  regards  them  as  the  exclusive  combination  in  which 
uric  acid  exists  in  solution  in  normal  urine.  The  appearance  of  a  deposit  of 
urates  in  urine  when  it  cools  does  not  necessarily  mean  that  there  is  an  increased 
formation  of  urates,  for  urates  may  be  deposited  in  concentrated  urine  when  it 
cools.] 

[One  of  the  atoms  of  H  is  easily  i-eplaced  by  metals.  If  uric  acid  be  dissolved  iu  sodic  carbon- 
ate we  obtaia  C5H,NaN40s  which  is  an  acid  urate.  If,  however,  it  be  dissolved  in  an  alkali,  e.^., 
caustic  soda,  we  get  CBH2Na,N40,whereby  a  second  atom  of  H  is  replaced  by  an  alkaline  metal, 
producing  *' neutral  or  normal  urate."  It  is  not  known  if  the  latter  action  occui-s  iu  the 
body.] 

(1)  Acid  Bodic  urate  usually  appears  as  a  brick-red  deposit  in  urine  ;  more  rarely  grey  or 
white  (lateritious  deposit),  tinged  with  urocrythrin,  in  catarrhal  conditions  of  the  digestive 
organs,  and  in  rheumatic  and  tebrilc  affections.  Xicroecopically,  it  is  completely  amorphous, 
consisting  of  granules,  sometimes  disposed  in  groups  (fig.  316,  6)— sometimes  the  granules  have 
spines  on  them.  The  corres})oudiug  potash  salt  occurs  not  unfrequently  under  tne  same  con- 
ditions, and  presents  the  same  characters. 

(2)  Acid  ammonium  urate  (fig.  317,  a)  always  occurs  as  a  sediment  in  ammoniacal  mine, 
either  with  (1),  or  mixed  with  free  uric  acid,  accompanied  by  triple  phosphate.  Microscopically, 
it  is  the  same  as  (1).  (1)  adid  (2)  are  distinguished  by  the  sediment  dissolving  when  the  nrine  is 
heated.  If  a  drop  of  hydrochloric  acid  be  added  to  a  microscopic  preparation  of  the  sediment, 
crystals  of  uric  acid  sei^rate. 

(3)  Acid  calcic  urate  occurs  sometimes  iu  calculi,  and  is  a  white,  amorphous  powder  slightly 
soluble  in  water.  When  heated  on  platinum  it  leaves  an  ash  of  calcium  carbonate.  Magnesium 
urate  rarely  occurs  in  urinary  calculi. 

[A  deposit  of  urates  is  of  common  occurrence  in  urine,  e.g.,  after  excessive  muscular  exercise, 
deranged  digestion,  &c.  They  exist  in  urine  chiefly  as  normal  sodium  urate,  but  they  are 
deposited  chiefly  as  acid  urates  when  the  urine  cools.  The  deposit  is  often  pink  coloured  and 
is  chiefly  amorphous,  but  it  may  contain  a  few  crystals.  It  redissolves  when  the  urine  is 
heated.     The  following  table  gives  the  chief  facts  relative  to  the  urates  {Ralfe): — 


I'ratvi. 

Fonnalw, 

Solubility  In 
water. 

Dcpmlictl  IU 

Acid  fttnmouium  arate, 

Normal  sodium       i, 

Acid 

Norniftl  potnisium  ,, 

Acid 

Normal  calcium       „ 

Add 

Add  litbium           ,, 

CsH,NA(NH,) 

C,H,N,0i.K2 
C,H,N,O^K 

1  in  IflOO 

1  in  77      1 
1  iu  1200 
lin44 
1  iu  SOO 
1  inl&OO 
1  iu  600 
1  in  60 

Amoqjlioufl  or  BpikeU  globular 

Nodular  ujtiBs^fl.                         , 
Amorphous^  ntrely  cry  stall  lUB. 
Amorpbous,  or  iu  fiuw  neodlea. 

Fine  granules. 

Amorphous,  or  in  fine  ii*!edle& 

ri                          IJ                          H 

The  greater  solubility  of  lithium  and  potassium  urates  has  led  to  the  administration  of  potash 
or  litnia  water  in  cases  of  uric  acid  diathesis.  ] 

[Formation  of  Uric  Acid. — It  exists  in  the  blood,  and  does  not  seem  to  be 
formed  in  the  kidneys.  In  gout,  when  there  is  a  diminished  excretion  of  uric  acid 
it  accumulates  in  the  blood  and  tissues.  After  extirpation  of  the  kidneys  in  birds 
and  snakes,  it  accumulates  in  the  blood  and  organs.  The  seat  of  its  formation  in 
mammals  has  not  been  ascertained  experimentally.  In  birds,  however,  it  seems 
to  be  formed  in  the  liver.  Birds  have  a  vascular  system  in  their  kidneys  similar 
to  the  portal  vein.  A  vena  advehens  carries  the  blood  from  the  caudal  and  iliac 
veins  and  veins  coming  from  the  pelvic  viscera  to  the  kidneys,  and  the  vena 
advehens  communicates  with  the  portal  vein  by  means  of  Jacobson's  vein. 
Minkowski  tied  the  portal  vein  in  geese,  thus  excluding  the  liver,  but  the  blood 
from  the  abdominal  organs  still  passed  through  the  kidneys  to  the  inferior  vena 
cava.  The  animals  lived  from  6-20  hours.  He  found  that  the  total  nitrogen 
eliminated  in  the  urine  is  not  greatly  diminished  (reduced  about  one-half  or  less), 
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but  the  proi)ortion  of  uric  acid  to  the  total  nitrogen  was  greatly  diminished. 
Normally,  in  geese  60-70  per  cent,  of  the  total  nitrogen  in  the  urine  is  eliminated 
as  uric  acid,  but  after  exclusion  of  the  liver  it  amounts  only  to  3-6  per  cent., 
while  the  ammonia  is  enormously  increased.  The  normal  9-18  per  cent,  of 
ammonia  is  increased  to  50-60  per  cent.  It  would  seem  as  if  ammonia  is  a 
normal  antecedent  of  uric  acid,  and  that  the  synthesis  i)erhaps  takes  place  in  the 
liver.  Another  noteworthy  fact  observed  was  the  simultaneous  great  increase  of 
lactic  acid  in  the  urine  (p.  492).] 

259.  ESTIMATION  OF  UEIC  ACID.— I.  Qualitative.— 1.  Microscopic  Char- 
acters.— The  appearances  presented  by  lU'ic  acid  and  its  salts  under  the  micro- 
scope are  shown  in  tig.  313.  It  is  deposited  from  urine  after  several  hours,  on 
adding  acetic  or  hydrochloric  acid. 

2.  Murexide  Test. — Gently  heat  a  urate  or  uric  acid  in  a  porcelain  vessel  along 
with  nitric  acid.  Decomposition  takes  place  and  the  colour  changes  to  yellow.  N 
and  CO2  are  given  off ;  urea  and  alloxan  (C^H.^N^O^)  remain. 

[C5H  .X,03  +  0  +  H2O  =  C,H,X.p,  +  COX2H,.] 

Ij lie  A cid  A 1  IfMCtm  U rea 

Evaporate  slowly  and  allow  the  yellowish-red  stain  to  cool ;  on  adding  a  drop  of 
dilute  ammonia  a  purplish-ved  colour  of  murexide  (which  contains  furfurate  of 
ammonia,  alloxan tin-amid)  is  obtained,  it  becomes  blue  on  the  addition  of  caustic 
potash.  If  potash  or  soda  be  added  instead  of  anunonia,  a  violet  coloiu-  is 
obtained,  which  disappears  on  heating. 

3.  Schiflf'B  Teat. — Dissolve  uric  acid  or  a  urate  in  a  solution  of  an  alkaline  carbonate,  and  drop 
it  upon  blotting-paper  saturated  with  a  solution  of  silver  nitrate  ;  reduction  of  the  silver  takes 
place  at  once,  and  a  black  spot  is  formed. 

4.  On  boiling  a  solution  of  uric  acid  or  a  urate  in  an  alkali,  with  Feliling's  solution  (§  149, 
2),  at  first  white  urate  of  the  suboxide  of  copper  is  deposited,  while  later,  red  copper  suboxide  is 
formed. 

n.  Quantitatiye  Estimation.— Add  5  cubic  centimetres  of  concentrated  HCl  to  100  c.c.  of 
urine,  and  allow  it  to  stand  for  forty-eight  hours  in  the  dark,  when  the  uric  acid  is  precipitated 
like  tine  cayenne  pepper  crystals.  All  the  uric  acid  is  not  precipitated  by  the  HCl,  even  after 
standing  for  a  time.  \)L.  A.  Cook  uses  sulphate  of  zinc  to  precipitate  the  uric  acid  as  urate  of 
zinc.  Caustic  soda  is  added  to  precipitate  the  phosphates,  and  then  to  the  clear  fluid  zinc  sul- 
phate solution,  which  precipitates  urate  of  zinc  as  a  white  gelatinous  deposit.] 

Fokker-Salkowski  Method.— Make  200  c.c.  of  urine  strongly  alkaline  with  sodic  carbonate, 
and  after  an  hour  add  200  c.c.  of  a  concentrated  solution  of  ammonium  chloride,  whereby  acid 
urate  of  ammonium  is  precipitated.  After  forty-eight  hours  filter  through  a  small  weighed 
filter,  and  wash  it  several  times.  Fill  the  filter  with  dilute  HCl  and  collect  the  filtrate.  Do 
this  until  all  the  acid  urate  is  dissolved.  From  the  total  filtrate  after  a  time  all  the  uric  acid 
separates.  It  is  collected  on  the  same  filter,  washed  with  water  and  alcohol  until  the  acid 
reaction  disappears,  dried  at  100"  C,  and  weighed.  To  the  weight  in  excess  of  the  filter  add 
0*030  grm. 

[Haycrafrs  method  depends  on  the  fact,  that  uric  acid  forms  a  compound  with  silver — urate 
of  silver — which  is  vei*y  insoluble  in  water.  The  solutions  required  are  : — 1.  Centinormal 
amnionic  sulphocyanate,  made  by  dissolving  8  grms.  of  crystals  in  1  litre  of  water,  and  adjust 
to  decinormal  silver  solution.  Dilute  with  9  vols,  of  water,  1  c.c. —0*00168  uric  acid.  2. 
Saturated  solution  of  iron-alum  (the  indicator).  3.  Pure  HNO3  (20  to  30  per  c«nt.).  4. 
Strong  ammonia.  Ammoniacal  silver  solution  made  by  dissolving  5  grms.  AgrfOj  in  100  c.c, 
water,  and  add  NH4HO  until  the  solution  becomes  clear.  Process. — ^Place  25  c.c.  of  urine  in 
a  beaker,  and  add  1  gi-m.  sodic  bicarbonate ;  then  add  2  to  3  c.c.  of  ammonia  to  precipitate 
ammonio-magnesic  phosphate.  Add  1  to  2  c.c.  of  ammoniacal  silver  solution,  which  precipi- 
tates silver  urate  in  a  white  gelatinous  form.  The  precipitate  is  then  thoroughly  washed  on  an 
asbestos  filter,  and  then  dissolved  from  this  by  nitric  acid,  after  which  the  silver  is  estimated 
(Volhard's  method).  In  doing  so,  add  a  few  drops  of  the  indicator,  and  drop  in  the  centinormal 
solution  of  ammonic  sulphocyanate.  A  white  precipitate  with  a  transient  reddish  coloration 
will  be  formed ;  as  soon  as  the  red  colour  is  permanent  the  process  is  at  an  end.  The  uric 
acid  nresent  is  ascertained  by  multiplying  the  number  of  cubic  centimetres  of  the  sulphocyanate 
used  by  0  00168. 

260.  KEEATININ  AND  OTHEB  SUBSTANCES.— Kreatinin  C^H^sO,  is 
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derived  from  tlie  kreatin  of  muscle  by  the  removal  of  a  molecule  of  water,  and 
partly  from  flesh  food.  The  quantity  excreted  daily  is  0*6  to  1*3  gram  (8  to 
18  grains). 

[Source. — It  is  generally  considered  that  it  is  formed  from  the  kreatin  of  muscle.  If  kreatin 
be  given  to  aniniftls  by  the  mouth  it  reappears  in  the  urine  as  kreatinin,  but  if  it  be  injected  into 
the  blood  stream  it  reappears  as  krentin,  so  that  the  kidneys  cannot  efl'ect  the  change.  Perhaps 
the  change  is  effected  in  the  muscles.] 

It  is  aiminished  in  progressive  muscular  atrophy,  tetanus,  anasmia,  marasmus,  chlorosis, 
consumption,  paralysis ;  and  is  increased  in  typhus,  inflammation  of  the  lung ;  it  is  absent 
from  the  urine  of  sucklings. 

Properties. — Krcatinin  is  alkaline,  easily  soluble  in  water  and  hot  alcohol.  It  fonns  colour- 
less oblique  rhombic  columns  ;  unites  with  acids  and  salts,  silver  nitrate,  mercuric  chloride, 
and  especially  with  zin^  chforide. 

Tests.— Kreatinin-zinc  chloride  (fig.  313)  is  used  to  detect  its  presence.  WeyPB  Test.— 
Add  to  urine  a  few  drops  of  a  slightly  brownish  solution  of  uitro-pmsside  of  soda,  and 
then  weak  caustic  soda  solution,  pro- 


ducing a  Burgundy-red  colour,  which 
soon  disappears.  When  heated  with 
glacial  acetic  acid,  the  colour  changes 
to  green,  which  after  a  time  changes 
to  blue  {Salk'owski).  Aceton  gives  a 
similar  reaction,  but  in  this  case  the 
red  colour  is  darker,  and  more  of  a 
purple  shade.  Aceton  can  be  expelled 
oy  boiling  the  urine  ;  so  that  it  is 
better  to  boil  the  urine  beforehand,  if 
aceton  be  suspected.  [The  blue  colour 
— Berlin  blue — is  due  to  the  formation 
of  an  iron-salt,  feiTocyanide  of  sodium, 
from  the  decomposition  of  the  nitro- 
prusside.  The  reaction  also  succeeds 
with  formic  acid — instead  of  glacial 
acetic  acid — if  some  time  be  allowed 
to  elapse  after  Weyl's  reaction.] 

Xanthine CjH^N^Og  occurs  only  to 
the  amount  of  1  gram  in  300  kilos, 
of  urine.  It  is  a  substance  inter- 
mediate between  sarkin  and  uric  acid. 
Guanin    and    hypoxanthin    may    be  ^^8-  ^^^' 

changed  into  xanthin  ;  in  contact  with  Kreatinin-zinc  chloride.  «,  balls  with  radiating  marks  ; 
water  and  ferments  it  passes  into  uric  b,  crystallised  from  water  ;  c,  from  alcohol, 

acid.     When  evaporated  with   nitric 

acid,  it  gives  a  yellow  stain,  which  becomes  yellowish -red  on  adding  potash,  and  violet-red  on 
applying  more  heat.  It  is  an  amorphous,  yellowish-white  powder,  fairly  soluble  in  boiling 
water.  It  has  also  been  found  in  traces  in  muscles,  brain,  liver,  spleen,  pancreas,  and  thymus. 
The  crystalline  body  paraxanthin  (dimethylxanthin)  and  the  amorphous  heteroxanthin 
(methylxanthin)  occur  in  traces  in  the  urine  {Saiamon). 

Sarkin  or  Hypoxanthin,  C5H^N40. — As  yet  this  substance  has  been  found  only  in  the  urine  of 
leuksemic  patients  {Jakiibasch\  and  it  has  been  prepared  in  the  form  of  needles  or  flattened 
scales  from  muscle,  spleen,  thymus,  brain,  bone,  liver,  and  kidney.  In  normal  urine  a  body 
nearly  related  to,  and  possibly  identical  with,  hypoxanthin  occurs  (E,  Salkowski).  Hypoxanthin 
closely  resembles  xanthin,  and  can  be  changed  into  it  by  oxidation.  Nascent  hydrogen,  on  the 
other  hand,  reduces  uric  acid  to  xanthin  and  hypoxanthin.  When  evaporated  with  nitric  acid  it 
gives  a  light  yellow  stain,  which  becomes  deeper,  but  not  reddish-yellow,  on  adding  caustic 
soda.  It  is  more  easily  soluble  in  water  than  xanthin,  and  by  this  means  the  two  substances 
can  be  separated  from  each  other.     Guanin  is  insoluble  in  water. 

[Notice  the  close  relation  of  the  three  bodies— uric  acid,  xanthin,  and  hypoxanthin.  The 
ditference  is  in  the  proportion  of  oxygen :  — 


Uric  acid,  . 
Xanthin,  . 
Hypoxanthin, 


CsHiN^O, 

C„H,NA 
C.H^N^O. 


Closely  related  to  these,  and  belonging  to  the  xanthin  group,  but  which  do  not  occur  in 
urine,  are  guanin,  (CjHaNjOj)  and  adenin  (C5H5N5),  the  latter  a  jwlymer  of  hydrocyanic  acid. 
Perhaps  all  these  four  bodies  belong  to  the  antecedents  of  urea  or  uric  acid  {Bungt).'\ 
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Oxaloric  acid  {O^B^Vfii)  is  an  oxidation  product  of  uric  acid,  and  occurs  in  very  ainall 
piantity  combined  with  ammonia  in  urine.  Physiologically,  it  is  interesting  on  account  of  its 
relation  to  uric  acid.  It  is  a  white  powder  slightly  soluble  in  water.  Ammonium  oxalurate  can 
be  prepared  from  uric  acid. 

Oxalic  Acid  (Cfl^fl^)  occurs,  but  not  consttintly,  to  the  amount  of  20  milligrams 
daily,  [but  never  as  free  oxalic  acid].  It  is  united  with  calcium  and  held  in 
solution  by  the  acid  phosphate  of  soda.  Sometimes  it  forms  a  deposit  of  oxalate 
of  lime,  which  is  known  by  the  "envelope"  shape  of  the  crystals  (fig.  314); 
insoluble  in  acetic  acid,  and  forming  transparent  octa- 
hedra.  More  rarely  it  assumes  a  biscuit  or  sand-glass 
form.  The  genetic  relation  of  oxalic  acid  to  uric  acid 
is  shown  by  the  fact,  that  dogs  fed  with  uric  acid 
excrete  much  oxalate  of  lime.  Oxalic  acid  may  also  be 
produced  by  the  oxidation  of  products  derived  fi*om  the 
fatty  acid  series  (p.  474). 

Oxalnria. — The  eating  of  substances  containing  oxalate  of  lime 

„.     n^.  (rhubarb)  increases  the  excretion.     Increased  excretion  is  called 

*g-  »^14.  oxaluria  ;  it  is  regarded  as  a  sign  of  retarded  metabolism  (Beneke), 

Oxalate  of  lime,     a,  />,  octa-    and  it  may  give  rise  to  the  formation  of  a  calculus.     In  oxaluria 

hedra;  c,  compound  forms;    the  uric  acid  is  also  often  increased  in  amount     Perhaps,  in  the 

rf,  dumb-bells.  first  instance,  there  is  an  increased  formation  of  uric  acid,  from 

which  oxalic  acid,  urea,  and  CO^  may  bo  formed.     The  amount 

of  oxalic  acid  is  increased  after  the  use  of  wine  and  sodic  bicarbonate. 

Hippuric  Acid^CgH^NOg  (Benzoylamidoacetic  acid,  p.  477)  occurs  in  large 
amount  in  tlie  urine  of  herbivora,  and  in  them  is  the  chief  end-product  of  the 
metal)oli8m  of  certain  nitrogenous  substances ;  in  human  urine  the  daily  quantity 
is  small,  0*3  to  3*8  gi'ms.  (5  to  50  grains).  It  is  an  otlourless  monobasic  acid  with 
a  bitter  tiisto,  crysttdlising  in  colourless  four-sided  prisms  (fig.  315).  [It  exists  in 
urine  as  hippuratos  of  the  alkalies.]  Readily  soluble  in  alcohol,  and  soluble  in 
600  parts  of  water.     Its  pi^esence  in  urine  is  a  matter  of  diet. 

[Crystals  of  hippuric  acid  when  heated  in  a  test-tube  are  decomposed,  and  a  sublimate  of 
benzoic  acid  and  ammonic  benzoate  condenses  on  the  up|>er  cool  part  of  the  tube,  while  there  is 
an  odour  of  new  hay,  and  oily  d^o^«  remain  in  the  tube.] 

It  is  a  conjugated  acid,  and  is  formed  in  the  Ixxly  from  benzoic  acid,  or  some 
nearly  relateil  chemical  Ixxly,  such  as  the  cuticular  substance  of  plants  or  from  oil 
of  bitter  almonds,  cinnamie  or  quinic  acid,  which  Ciisily  pass  by  reduction  (quinic 
acid)  or  by  oxidation  (cinnamie  acid)  into  benzoic  acid.  It  may  be  formeil  by  the 
union  with  hydration  of  benzoic  acid  with  glycin : — 

Benzoic  acid    +      (tlycia         =     Hippuric  ariil     +  Water. 

[If  hippuric  acid  be  Ixnleil  vrith.  alkalies  or  strong  mineral  acid,  it  splits  up  with 
hydration  into  benzoic  acid  and  glycocoll  or  glycin. 


CA-C0-X4-.V,_^.,,^j,+H,0  = 

Hipporic  ackl 

CH,  -  COOH  +  H  -  N< 


Hipporic  ackl 

-/  H 
'\CH.-COC»H 

BrtijDk^lc  acW  tilyctvoirj 

[Formation  of  Hippuric  Acid. — When  benroic  acid  is  introduced  into  the 
alimentiiry  cunal  of  an  ;inimal  (rabbit  or  dog),  it  apjx»ars  in  the  urine  as  hippuric 
acid,  so  that  somewhoiv  in  the  Ixxly  IxMiziuc  acid  meets  with  and  combines  with 
glycin.  Nitn>-Wnzoic  acid  apjx^ars  as  uitrwhippuric  acid.  As  the  benzoic  acid 
passt>s  thrvmgh  the  Kxly,  it  Kvomes  conjugatoil  with  glycin  or  glyoocoll,  chiefly  in 
the  kidneys.  The  hippuric  acid  in  the  urine  of  herbivora  is  chiefly  derived  hotsi 
some  substiiuce  with  a  benzoic  acid  resiilue — the  aromatic  combinations — |»«6ent 
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in  the  cuticiUar  coverings  of  tlie  food.  That  hippuric  acid,  in  part  at  least,  is 
formed  in  the  kidneys,  i^'.e.,  by  the  cells  of  the  renal  tubules,  is  shown  by  the 
following  considerations : — If  arterialised  blood,  containing  benzoic  acid  and  glycin, 
or  even  benzoic  acid  alone,  be  jxissed  through  the  blood-vessels  of  a  fresh,  living, 
excised  kidney,  a  so-called  "  surviving  kidney,"  hippuric  acid  is  found  in  the  blood 
after  it  is  perfused.  Even  after  forty-eight  hours,  if  the  kidney  be  kept  cool, 
the  synthesis  takes  place.  The  kidney  in 
this  case  also  must  not  be  dead,  but  a 
"surviving"  one.  If  the  kidney  be  kept 
too  long,  the  conjugation  does  not  take 
place.  If  the  fresh  surviving  kidney  be 
chopped  uj),  and  kept  at  the  temperature. 
■  of  the  body  with  benzoic  acid  and  gly co- 
coll,  hippuric  acid  is  formed.  Oxygen 
seems  to  be  necessiiry  for  the  process,  for, 
if  blood  or  serum  containing  carbonic  oxide 
be  used,  there  is  no  formation  of  hippuric 
acid.]  Fig.  315. 

[If  the  liver  be  excised   in   frogs,   and  Hippuric  Acid, 

benzoic  acid,  or  better,  benzoic   acid   and 

glycocoll,  be  injected  into  the  dorsal  lymph-sac,  hippuric  acid  is  found  in  the  tissues 
and  secretions.  Thus  the  liver  is  not  the  locality,  or  exclusive  locality,  in  the 
frog,  where  the  synthesis  occurs.  But  in  the  frog,  it  may  be  formed  after  extir- 
pation of  the  kidneys.  It  is  only  in  the  dog  that  its  exclusive  formation  in  the 
kidney  lias  been  proved  (Bnnge  and  Schmtedeberg).] 

[There  is  one  difficulty  alx)ut  the  matter,  viz.,  that  glycin,  as  such,  has  not  been 
found  in  the  tissues.  It  is  probable,  however,  that  it  is  formed  in  various  meta- 
bolic processes,  and  is  as  rapidly  combined  with  some  other  body.  It  may  be 
formed  in  this  way  in  the  kidney,  and  immediately  combine  with  benzoic  acid  to 
form  hippuric  acid.] 

According  to  this  view,  it  is  derived  chiefly  from  the  food  of  herbivorous  animals,  and  hence 
it  is  absent  from  the  urine  of  sucking  calves,  as  well  as  after  feeding  with  grain  devoid  of 
husk.  But  it  is  also  formed  in  the  body  from  the  proteids.  In  the  dog,  the  formation  of 
hippuric  acid  occura  in  tlie  kidney  {Schmiedebcrg  ami  ^uiige)^  and  in  the  frog  also  outside  the 
kidney.  Kiihne  and  Hallwachs  thought  it  was  formed  in  the  liver,  and  Jaarsveld  and  Stockvis 
in  the  kidney,  liver,  and  intestine.  The  observation  of  Salomon  that,  after  excision  of  the 
kidneys  in  rabbits,  and  injection  of  benzoic  acid  into  the  blood,  hinpuric  acid  was  found  in 
the  muscles,  blood,  and  liver,  goes  to  show  that  it  must  be  formed  in  other  organs  beside 
the  kidneys.  The  power  of  changing  benzoic  acid  introduced  into  the  human  body  into 
hippuric  acid  may  even  be  abolished  in  disease  of  the  kidney.  Under  certain  circumstances 
it  seems  that  hi^)piiric  acid,  already  formed,  may  be  again  decomposed  in  the  tissues. 

It  is  greatly  increased  after  eating  pears,  plums,  and  cranberries  ;  in  ictenis,  some  liver 
affections,  and  in  diabetes. 

Preparation. — Add  milk  of  lime  to  the  fresh  urine  of  horses  or  cows  to  form  calcic  hippurate. 
Filter,  eva})orate  the  filtrate  to  a  small  bulk,  and  precipitate  the  hippuric  acid  with  excess  of 
hydrochloric  acid.  To  purify  the  hippuric  acid,  crystallise  it  several  times  from  a  hot  watery 
solution. 

Cynnric  Acid  CgoHjiNaOg+HaO  occurs  in  the  urine  of  dogs  (/.  v.  Liehig), 

Allantoin,  C^H^N^Oy,  which  occurs  in  the  amniotic  fluid  of  the  cow,  is  found  in 
minute  traces  in  normal  urine  after  flesh  food,  and  is  more  abundant  during  the 
first  weeks  of  life  and  during  pregnancy.  [It  to  a  large  extent  replaces  urea  in 
the  urine  of  the  foetus.] 

After  large  doses  of  tannic  acid  the  amount  is  increased  {SchoUin),  while,  in  doga,  feeding 
with  uric  acid  also  increases  it  {Salkowski). 

Properties. — It  forms  shining,  prismatic  crystals ;  fi*om  the  urine  of  sucking  calves  it 
crystallises  in  transparent  piisms.  It  is  decomi>osed  by  ferments  into  urea,  ammonium  oxalate, 
and  carbonate,  and  another  as  yet  unknown  bc^ly.    Preparation — (a)  the  urine  is  precipitated 
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with  basic  lead  acetate,  the  lead  in  the  filtrate  is  removed  by  sulphuretted  hydrogen,  and  the 
filtrate  itself  is  then  evaporated  to  a  syrup,  from  which  the  crystals  separate,  after  standing 
for  several  days.  They  are  then  washed  with  water,  and  recry stall ised  from  the  water 
(Salkowski), 

261.  COLOURING-MATTERS  OF  THE  UEINE.— 1.  Urobilin  is  most 
abundant  in  the  highly-coloured  urine  of  fevers,  but  it  also  occurs  in  normal  urine 
(Jaffe).  It  is  identical  with  the  hydrobilirubin  of  Maly  (§  177,  3,  g).  It  is  a  de- 
rivative of  haematin,  which  also  yields  the  bile-pigments  (§  177).  It  giyeso.  red,  or 
reddish-yellow,  colour  to  urine,  which  becomes  yellow  on  the  addition  of  ammonia. 
[What  is  called  normal  bilirubin  seems  to  be  the  principal  colouring-matter  in  urine.] 

[MacMunn,  chiefly  from  spectroscopic  observations,  finds  that  two  entirely  difl*erent  substances 
have  beoii  included  under  the  name  of  *' urobilin,**  viz.,  that  of  normal  and  that  of  pathological 
urine,  and  that  hydrobilirubin  is  not  iilentical  with  eitlier.     The  pathological  urobilin  seems  to^ 
be  closely  connected  with  stercobilin  (§  185).] 

Preparation. — Prejiare  a  chlorpform  extract  of  urine  containing  urobilin — add  iodine  to  the 
extract,  and  remove  the  iodine  by  shaking  the  mixture  with  dilute  caustic  potash,  which  forms 
potassic  iodide.  This  potash  solution  becomes  yellow  or  brownish-yellow,  and  exhibits  beauti- 
ful gVQew  fluorescence  {GerJuirdt). 

Urobilin  may  be  extracted  from  many  urines  by  ether  {Salkowski).  When  subjected  to  the 
action  of  reducing  agents,  e.g.,  sodium  amalgam,  a  colourless  product  is  obtained,  which  on 
exposure  to  the  air  absorbs  0,  and  becomes  retransformed  into  urobilin.  This  colourless  body 
is  identical  with  tl»e  chromogen  which  Jatle  found  in  urine. 

If  urine  is  treated  witli  soda  or  potash,  the  characteristic  absorption -band  lying  between  h 
and  F.  passes  nearer  to  6,  becomes  darker  and  more  sliarply  defined.  According  to  Hoppe-Seyler, 
urobilin  is  formed  in  urine  after  it  is  voided,  from  another  urobilin-forming  body  (Jafle's 
chromogen)  absorbing  oxygen.  If  urine  containing  urobilin  be  made  alkaline  with  ammonia, 
and  zinc  chloride  be  added,  it  exhibits  marked /uorrsccwcc  /  it  has  a  green  shimmer  by  i*eflected 
light.  When  urobilin  is  isolated^  it  fluoresces  without  the  addition  of  zinc  chloride.  In  cases 
of  jaundice  (§  180),  where  Gmelin's  test  sometimes  fails  to  reveal  the  presence  of  bile-pigments, 
urobilin  occurs.  This  '*  urobilin-ieterus*'  {Oerhardt)  occurs  chiefly  after  the  absorption  of 
large  extravasations  of  blood.  According  to  Cazeneuve,  the  urobilin  is  increased  in  all  diseases 
where  there  is  increased  disintegi-ation  of  coloured  blood -corpuscles. 

2.  Urochromo  was  regarded  {Thudichum)  as  the  chief  colouring-matter  of  urine.  It  may  be 
isolated  in  the  form  of  yellow  scales,  soluble  in  water,  and  in  diUite  acids  and  alkalies.  [It  is 
possibly  impure  urobilin.]  The  watery  solution  oxidises,  and  when  exposed  to  air  becomes  red 
owing  to  the  formation  of  uroerythrin.  When  acted  on  by  acids,  new  decomposition -products 
are  formed,  e.g.,  uromelanin.     Uroerythrin  gives  the  red  colour  to  deposits  of  urates  (§  258). 

8.  A  brown  pigment  containing  iron  is  curried  down  with  uric  acid,  which  is  precipitated  on 
the  addition  of  Tiydrochloric  acid  (§  258).  By  repeatedly  adding  sodic  urate  to  the  urine, 
and  precipitating  the  uric  acid  by  hydrochloric  acid,  a  considerable  amount  may  be  obtained 
(Kunkel). 

4.  Urine  boiled  with  HCl  yields  a  garnet-red  crystalline  pigment,  urorubin,  to  ether. 

In  cases  of  melanotic  tumours,  there  has  been  occasionally  observed  urine,  which  becomes 
dark,  owing  to  melanin  (§  250,  4),  or  to  a  colouring-matter  containing  iron  {Kuiikel), 

262.  INDIGO,  PHENOL,  EBESOL,  FTBOKATEGHIN,  AND  SKATOL 
FOEMING  SUBSTANCES.— 1.  Indican.  [C^H^NSOJ,  or  indigo-forming  sul>- 
stance  (Schwirk),  is  derived  from  indol,  CgH^N,  the  basis  of  indigo,  which  is 
formed  in  the  intestine  by  the  pancreatic  digestion  of  proteids  (§  170,  II.),  but  it 
also  arises  as  a  jnitrefactive  product  (§  184,  III.).  Indol,  when  united  ^vith  the 
radical  of  sulphuric  acid,  ILSOy,  and  combined  with  potjissium,  forms  the  so-called 
indigogen  or  indican  of  urine  {Brieger,  Baiiviann).  This  substance  (CgH^NSO^K 
c=  potassium  indoxyl-sulphate)  forms  white  glancing  tablets  and  platen;  readily 
soluble  in  water  and  less  so  in  alcohol.  By  oxidation  it  forms  indigo-blue ; 
2  indican  +  O.j  =  CigH^^jX^O.^  (indigo-blue)  -h  2HKS0^  (acid  potassic  sulphate).  It 
is  more  abundant  in  the  urine  in  the  tropics,  and  it  is  absent  from  the  urine  of 
the  newly-born  {Senator).  [The  indigo  in  the  animal  boily  is  derived  from  indol, 
the  basis  of  the  indigo  group.  Indol  is  formed  in  the  intestine  by  the  bacterial 
putrefaction  of  proteids,  and  when  absorbed  it  is  oxidised  into  indoxyl — 

CglLX  +  O  =  QIUOH)  N 

Indol  Indoxyl 
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Teste. — (1)  Add  to  40  drops  of  urine,  3  to  4  c.c.  of  strong  fuming  hydrochloric  acid,  and  2 
to  3  drojw  of  nitric  acid.  Boil,  a  violet-red  colour  (with  the  dejtosition  of  true  crystalline 
indigo-blue  (rhombic)  and  indigo-red  attests  its  presence.  Putrefaction  causes  a  similar  decom- 
position in  indican ;  hence,  we  not  unfrequently  observe  a  bluish-red  pellicle  of  microscopic 
crystals  of  indigo-blue,  or  even  a  precipitate  of  the  same.  (2)  Mix  in  a  beaker  equal  quantitiea 
ofurine  and  hydrochloric  acid,  and  add  two  drops  of  solution  of  chloride  of  lime  ;  the  mixture 
at  first  becomes  clear,  then  blue  {Jaffi).  Add  chloroform,  and  shake  the  mixture  vigorously 
for  some  time ;  the  chloroform  dissolves  the  blue  colouring-matter,  which  is  obtained  as  a 
deposit,  when  the  chloroform  evaporates  {Senator,  Salhawsici)  [What  happens  in  this  case  is 
that  the  indigo  exists  in  urine  as  a  colourless  combination — indoxyl-sulphate  of  potash,  the 
conjugated  sulphuric  acid  is  split  up,  and  the  indoxyl  is  oxidised  into  indigo — 

2C8HeNKS04  +  Oa  -  C„H,oNo02  +  2HKS04 
Indoxyl  sulphate  of  potash       Indigo  blue 

(3)  Heat  to  70"  one  part  of  urine  with  two  parts  of  nitric  acid,  and  shake  up  with  chloroform ; 
the  chlorofoim  dissolves  the  indigo  which  is  formed,  assumes  a  violet  colour,  and  gives  an 
absorption  band  between  C  and  D,  slightly  nearer  D  {Hoppe-Seyler). 

Quantity.— Jaff^  found  in  1500  c.c.  of  normal  human  urine,  4*6  to  19*5  milligmms  of 
indigo ;  horse's  urine  contains  23  times  as  much.  The  subcutaneous  injection  of  indol  increases 
the  indican  in  the  urine  {Jaffi).  E.  Ludwig  obtained  indican  by  heating  hicmatin  or  urobilin 
with  a  caustic  alkali  and  zinc  dust.     It  has  also  been  found  in  the  sweat  (§  286)  {Bizio). 

Pathological. — The  indican  in  the  urine  is  increased  when  much  indol  is  formed  in  the 
intestine  (§  170,  II.),  e.g.,  in  typhus,  lead  colic,  trichinosis,  catarrh  and  bsemorrhage,  of  the 
stomach,  cholera,  carcinoma  of  tiie  liver  and  stomach ;  obstniction  of  the  bowels  or  ileus, 
peritonitis,  and  diseases  of  the  small  intestine.  [It  is  a  fact  of  some  practical  importance  that 
a  large  quantity  of  the  indoxyl  compound,  indican,  is  found  in  the  urine  in  intestinal  obstruc- 
tion. It  is  increased  after  ligature  of  the  small,  but  not  the  large,  intestine  in  dogs.  This 
is  due  to  the  putrefaction  of  the  albumin  in  the  intestine  yielding  indol.  In  man  it  is 
increased  in  obstruction  of  the  small,  but  not  of  the  large,  gut.] 

2.  Phenol,  GeHeO  (carbolic  acid,  §  252,  IV.),  was  discovered  by  Stadeler  in  human 
urine  (more  abundant  in  horse's  urine).  It  does  not  occur  as  carbolic  acid,  but  in 
combination  with  a  substance  from  which  it  is  separated  by  distillation  mtli  dilute 
mineral  acids.  The  "phenol-forming  substance"  is,  according  to  Baumann, 
"  phenolsulphuric  acid "  (CgH^O,  SO3H),  which  in  urine  is  united  with  potash 
\i.e.,  as  phenol-sulphate  of  potassium,  CyHgO  .  SO3K.] 

Phenol  is  derived  from  the  decomposition  of  ]>roteids  by  i)ancreatic  dif;estion  (§  170,  H.), 
and  also  from  putrefaction  (§  184,  III.)>  the  mother-substance  being  tyrosin.  Hence,  the  for- 
mation of  phenolsulphuric  acid  is  analogous  to  the  formation  of  indican. 

If  in  the  employment  of  carbolic  acid  it  be  absorbed,  the  phenolsulphuric  acid  becomes  greatly 
increased  in  amount,  so  that  sulphuric  ncid  must  bo  united  with  it ;  hence,  alkaline  suqdiates 
are  decomposed  in  the  body,  so  that  the  latter  may  be  absent  from  the  urine  {Baumann). 
Living  muscle  or  liver,  when  digested  in  a  stream  of  air  for  several  hours  with  blood  to  which 
phenol  and  sodic  sulphate  are  added,  yields  phenolsulphuric  acid ;  while,  under  the  same  cir- 
cumstances, pyrokatechin  forms  ethersulphuric  acid. 

Carboluria. — When  carbolic  acid  is  used  externally  or  internally,  and  it  is  absorbed,  it  causes 
a  deep  dark-coloured  urine  due  to  the  oxidation  of  phenol  into  pyrocatechin  and  hydroquinon 
(orthobioxy benzol  =  CgHjOj),  which  for  the  most  part  appears  in  the  urine  as  ethersulphuric 
acid  {Baumann  and  others).  [These  substances  in  an  alkaline  urine  become  brown  on  exposure 
to  air,  and  produce  the  dark  colour  of  the  urine  in  so-called  carboluria.] 

3.  Farakresol  (CyHgO),  (hydroxyltoluol,  with  its  isomers  ortho-  and  meta-kresol 
(the  latter  in  traces),  is  more  abundant  in  urine  (Baumann^  Pi'eusse).  It  also 
occurs  in  conjugation  with  sulj)huric  acid.  [It  occurs  as  kresol  sulphate  of 
potassium,  C.H^O .  SO3K.] 

Test  for  phenol  (and  also  kresol) :— Distil  150  c.c.  urine  with  dilute  sulphuric  acid.  The 
distillate  gives  a  brown  crystalline  deposit  of  tribromophenol  with  bromine  water,  as  well  as  a 
red  colour  with  Milieu's  reagent. 

Hydrozybenzol  (pyrokatechin,  hydroquinon)  is  obtained  from  urine  when  it  is  heated  for  a 
long  time  with  hydrochloric  acid. 

Serein,  which  is  an  isomer  of  hydroquinon,  when  administered  internally,  also  appears  in 
the  urine  as  ethersulphuric  acid.  Toluol  and  naphthalin  behave  similarly,  nenzol  is  oxidised 
to  phenol. 

4.  F3rrokatechin  or  Eatechol,  GeHg02  (metadihydroxylbenzol),  is  formed  along 
with  hydroquinon  from  phenol,  and  is  an  isomer  of  the  former.     It  behaves  like 
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indol  and  phenol,  for  when  united  with  sulphuric  acid,  it  yields  the  pyrokatechin- 
fomiing  substance.  Small  quantities  sometimes  occur  in  hiunan  urine ;  it  is  more 
abundant  in  the  urine  of  children  ;  it  becomes  darker  when  the  urine  putrefies. 

5.  Skatol  [C8Hg(CHg)X  (methyl-indol)],  which  is  crystalUne,  and  is  formed 
during  putrcifaction  in  the  intestine,  also  ai)pears  in  the  urine  as  a  compound  of 
sulphuric  acid  (§  252),  [t.e.,  as  skatoxyl-sulphate  of  jiotassium,  CgHgXO .  SO3K]. 
On  feeding  a  dog  with  skatol,  Brieger  found  much  [wtassic  skatol-oxy-sidphate. 

Test. — Skatol  compounds  are  recognised  by  addinc  dilute  nitric  acid,  which  causes  a  violet 
colour,  or  fuming  nitric  acid,  which  precipitates  red  flakes  {Nencki),  Its  quantity  is  regulated 
by  the  same  conditions  as  indican. 

[It  is  imiwrtant  to  notice  that  the  aromatic  combinations  i)resent  in  the  urine 
occur  as  conjugated  sulphuric  acid  compounds,  i.e.,  as  ethereal  sulphates. 
Indol,  phenol,  and  skatol,  derived  from  the  putrefactive  decomposition  of  proteids 
in  the  intestine,  must  somewhere  after  absorption  unite  with  sulphuric  acid — 
probably  in  the  liver — to  form  these  comjwunds,  i.e.,  that  in  the  liver  jKiisonous 
compounds  are  converted  into  innocuous  ones  (p.  324).  Baumann  lias  shown  that 
if  the  intestine  be  disinfected,  the  conjugated  sulphuric  acid  disappears  from  the 
urine.] 

The  aromatic  ozyacidfl,  hydroparacumaric  acid,  and  paraoxyphenylaoetic  add  (the  former  a 
putrefactive  product  of  flesh,  the  latter  obtained  by  E.  and  H.  Salkowski  from  putrid  albumin) 
occur  in  tlie  urine  {Baumann^  §  252).  Test — Shake  the  unue  treated  with  a  mineral  acid  with 
ether,  evaporate  the  latter,  and  dissolve  the  residue  in  water.  If  aromatic  oxyacids  arc  present, 
they  give  a  red  colour  witli  Millon's  reagent. 

Baumann  gives  the  following  series  of  bodies,  wliich  are  formed  from  tyrosin  by  decomposi* 
tion  and  oxidation  ;  most  of  the  substances  are  formed  both  during  the  decomposition  of  albumin, 
and  also  in  the  intestine,  whence  they  pass  into  the  uiine : — Tyrosin,  C^,iN0,4  H^s 
C9HJ0O3  (iiydroparacumaric  acid)  +  NHj.  CqHjoOj  — CgHjoO  (paraethylphcnol,  not  yet  proved) 
+  COj.  CgH^oO  +  Oj- CgHgOj  (paraoxyphenylacetic  acid)  +  R.fl.  CgHgOj- CyHgO (narakresol) 
+  CO2.  OyHgO  +  Oj-CyHeOa  (paroxy benzoic  acid,  not  yet  proved) +  H2O.  CyHgOj-CgHjO 
(phenol)  +  CO,. 

Potassium  sulphocyanide,  or  tbio-cyanate,  derived  from  the  saliva,  also  occurs 
in  urine.  [It  passes  into  the  intestine,  is  absorbed  into  the  blood,  and  is  excreted 
in  the  urine]  After  acidulation  with  hydrochloric  acid,  its  presence  may  be 
detected  by  the  ferric  chloride  test  (§  146 — Gscheidlen  and  J,  Munk).  One  litre 
of  human  urine  contains  002  to  008  gram  combined  with  an  alkali 

Succinic  acid  {Ofifi^  occurs  chiefly  after  a  diet  of  flesh  and  fat,  and  almost  disappears  after 
a  vegetable  diet.  It  is  a  decomposition -product  of  asparagin,  and  occurs  in  considerable  amount 
in  the  urine  after  eating  asparagus.  It  is  also  a  product  of  the  alcoholic  fermentation  (§  150), 
and  ns  it  passes  out  of  the  body  unchanged,  it  occni-s  in  the  urine  of  those  who  imbibe  spirituous 
limiors.     It  passes  unclianged  into  the  urine  (Neuhautr). 

JLactic  acid  (CgHgOj)  is  a  constant  constituent  of  urine.  Some  observers  have  found  ferment* 
able  lactic  acid  in  diabetic  \irine  ;  sarcolactic  acid  after  poisoning  with  phosphorus  and  in 
trichinosis.  Occasionally  traces  of  volatile  fatty  acids  are  present  Some  animal  gum  occurs 
in  urine  (p.  476),  nnd  Bechnmp's  "  nephrozymose **  consists  for  the  most  part  of  gum  {Land^ 
toehr).  Tiiis  substance  is  precipitated  from  urine  by  adding  to  it  three  times  its  volume  of  90 
I)er  c«*nt.  alcohol.  It  is  not  a  simple  body,  but  at  60"  to  70"  C.  it  trausfonns  starch  into  sugar 
{v.  Vintschgati). 

Ferments. — Traces  of  diastatic,  peptic,  and  rennet  ferment  have  been  found, 
especially  in  urine  of  high  specific  gravity.  [Fibrin  placed  in  urine  absorbs  the 
ferments.]     Trypsin  is  said  not  to  occur  normally  {Leo), 

Traces  of  sugar  [t.<?.,  dextrose]  [Briickc,  Bence  Jones),  to  the  amount  of  0  05  to  O'Ol  |)er  cent, 
occur  in  normal  urine.  [Buuge  doubts  the  occurrence  of  sugar  and  lactic  acid  in  normal  urine.] 
After  the  ingestion  of  milk-,  cane-,  or  gra][)e-sugar  (50  grms.)  these  varieties  of  sugar  appear  in 
small  quantity  in  the  urine  (  Worm'MiiUcr — §  267,  7). 

Kr3rptophanic  acid  (CjH^NOa),  according  to  Thudichum,  occurs  as  a  free  acid  in  urine,  but 
Landwehr  regards  it  as  an  animal  gum. 

Eeducing  substances. — Substances  which  give  Trommer's  test  always  occur  in 
the  urine.     Normal  human  urine  reduces  cupric  salts,  like  a  0*15-0*25  solution  of 
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grape-fiugar  (more  in  fever).  About  ^  of  these  substances  seems  to  be  compounds 
of  glycuronic  acid  (§  275),  and  J  is  due  to  uric  acid  and  kreatinin  {Fluckiger), 

Aceton  (G,HfO)  is  formed  when  normal  urine  is  oxidised  with  potassic  bichromate  and  sul- 
phuric acid,  and  it  is  formed  from  a  reducing  substance  present  in  normal  urine  (apparently 
derived  from  the  grape-sugar  of  the  blood).  Aceton  occurs  in  traces  as  a  normal  urinary  con- 
stituent, which  is  increased  during  increased  metabolism  of  the  tissues,  e.g.^  carcinoma,  in- 
anition. It  has  also  been  found  in  the  blood  in  fever  {v,  Jakseh),  Ideben's  Test. —Acidulate 
half  a  litre  of  urine  with  HCl  and  distil ;  when  treated  with  tincture  of  iodine  and  ammonia 
there  is  a  turbidity  due  to  iodoform  (p.  617). 

n.  THE  INORGANIC  CONSTITUENTS  OF  THE  URINE.— The  inorganic 
constituents  are  either  taken  into  the  body  as  such  with  the  food  and  pass  off  un- 
changed in  the  urine,  or  they  are  formed  in  the  body,  owing  to  the  sulphur  and 
phosphorus  of  the  food  being  oxidised  and  the  proilucts  uniting  with  bases  to  form 
salts.  The  quantity  of  salts  excreted  daily  in  the  urine  is  9  to  25  grams  [i  to  f 
oz.l. 

Sodic  chloride— to  the  amount  of  12  (10  to  13)  grams  [180  grains] — is  excreted 
daily.  It  is  increased,  after  a  meal,  by  muscular  exercise,  drinking  of  water, 
and  generally,  when  the  (quantity  of  urine  is  increased,  by  the  free  use  of  large 
quantities  of  common  salt,  and  by  potash  salts  also ;  it  is  diminished  under  the 
opposite  conditions. 

In  disease  it  is  greatly  dimininhed  ;  in  pneumonia  and  other  inflammations  accomi^anied  by 
effusions,  in  continued  diarrhoea  and  profuse  sweating,  constantly  in  albuminuria  and  in 
dro^isies.  [In  cases  of  pneumonia,  sodic  chloride  may  at  a  certain  stage  almost  disappear  from 
the  urine  : — e.g.^  to  1  or  2  erams — at  the  crisis  8  grams,  and  the  day  after  16  ^I'&ms — 
and  it  is  a  good  sign  when  the  chlorides  begin  to  reappear.]  In  otlier  clironic  diseases, 
the  amount  of  NaCl  excreted  runs  nearly  parallel  with  the  amount  of  urine  passed.  In  condi- 
tions of  excitement  the  amount  of  sodic  chloride  is  diminished,  and  potassic  chloride  increased  ; 
in  conditions  of  depression  the  reverse  is  the  case  {Zeulzer). 

Tests  for  chlorides. — Add  to  the  urine  nitric  acid  and  then  nitrate  of  silver  solution,  which 
j^ives  a  white  curdy  precipitate  of  chloride  of  silver.  In  albuminous  urine  the  albumin  must 
first  be  removed.  Microscopically  look  for  the  step-like  forms  of  common  salt,  and  also  for  the 
crystals  of  soilic  chloride  and  urea  (§  256,  4). 

[Estimation  of  Chlorides  (Volhard's  method).— (1)  A  S.S.  (/.e.,  a  standard 
solution)  of  silver  nitrate  is  prepared  so  that  1  c.c.  =  '010  grm.  NaCl  or  'OOG  of  CI. 
It  is  placed  in  a  burette.  (2)  A  10  i)er  cent,  solution  of  neutral  chromate  of 
potash  is  used  as  the  indicator. 

Place  2  c.c.  of  urine  in  a  glass,  add  a  few  drops  of  (2),  and  drop  in  (1)  from  a  burette— a  red 
precipitate  of  chromate  of  silver,  which  disappears  on  shaking,  giving  place  to  a  white  i>recipitate 
of  silver  chloride.  Add  S.S.  until  the  fluid  in  daylight  retains  a  red  colour,  not  orange,  i.«., 
until  all  the  chlorine  has  been  precipitated,  which  is  indicated  by  the  persistence  of  the  red 
colour  of  the  chromate  of  silver.  Read  off  the  number  of  c.c.  of  the  S.S.  used.  Multiply  the 
number  of  c.c.  of  urine  passed  by  the  number  of  c.c.  of  S.S.  used  and  divide  by  200.  Suppose 
a  person  passed  2000  c.c.  of  urine  in  24  hours  and  2  c.c.  of  the  S.S.  were  i-equired  to  oDtain 

the  reaction,  then  ?22?L^  =  20  grams  of  NaCl. 
200  ^ 

Mohr's  Method. — This  simple  method  gives  approximate  results.  Dilute  10  c.c.  of  urine  with 
water  to  100  c.c;  neutralise  with  carbonate  of  soda,  add  3  drops  of  a  concentrated  solution  of 
potassic  chromate.  Drop  in  from  a  burette  a  S.S.  of  silver  nitrate  (14*53  grms.  to  500  c.c. 
water),  until  on  stirring  a  red  colour  persists.  Every  cc,  of  the  S.S.  — 10  milligrams  of  NaCl 
or  '00607  grams  of  chlorine. 

2.  Phosphoric  acid  occurs  in  urine  [in  the  form  of  two  classes  of  phosphates, — 

(1)  Alkaline  phosphates  as  acid  sodic  phosphate,  acid  potassic  phosphate,  and 

(2)  Earthy  phosphates, — acid  calcic  and  magnesic  phosphates  to  the  amount 

of  al)out  2  grams  daily  [30  grains]  ;  it  is  more  abundant  after  an  animal  than  after 
a  vegetable  diet  The  amoimt  increases  after  a  mid-day  meal  imtil  evening,  and 
falls  during  the  night  until  next  day  at  noon.  It  is  partly  derived  from  the  alka- 
line and  earthy  phosphates  of  the  food,  and  partly  as  a  decomposition-product  of 
lecithin  and  nuclein.     As  phosphorus  is  an  important  constituent  of  the  nervous 
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system,  the  relative  increase  of  phosphoric  acid  is  due  to  increased  metabolism  of 
the  nervous  substance. 

Pathological. — In  fevers,  the  increased  excretion  of  potassic  phosphate  is  due  to  a  consump- 
tion of  blood  and  muscle  (§  220,  3).  It  is  also  increased  in  inflammation  of  the  brain,  soften- 
ing of  the  bones,  diabetes,  and  oxaluria ;  after  the  administration  of  lactic  acid,  morphia, 
chloral,  or  chloroform.  It  is  diminished  during  pregnancy,  owing  to  the  formation  of  the 
foetal  bones  ;  also  after  the  use  of  ether  and  alcohol,  and  in  inflammation  of  the  kidney. 

[Tests. — To  urine  add  nitric  acid  and  solution  of  ammonium  molybdate  and  boil,  a  canary- 
yellow  precipitate  of  ammonium  phosphomolybdate  indicates  the  presence  of  phosphoric  acid. 
Or,  add  halt  its  volume  of  caustic  potash  to  urine,  and  boil.  The  earthy  phosphates  are  precipi- 
tated, but  not  the  alkaline  phosphates.] 

Earthy  phosphates  are  ])recipitated  by  heat  in  some  pathological  urines.  This 
precipitate  is  distinguished  from  albumin,  which  is  also  precipitated  by  heat,  by 
being  soluble  in  nitric  acid,  which  precipitated  albumin  is  not.  [The  earthy  phos- 
phates are  not  precipitated  until  near  the  lx)iling  point.] 

[Quantitative  Estimation  of  Phosphoric  Acid.— The  amount  of  phosphoric  acid  is  estimated 
by  titration  with  a  standard  sol lUion  of  uranium  acetate  ;  ferroci/anide  of  potassium  being  the 
indicator.  The  indicator  gives  a  brownish-red  colour  when  there  is  an  excess  of  free  uranium 
acetate. 

Place  60  c.c.  of  filtered  urine  in  a  beaker,  add  to  it  6  c.c.  of  a  solution  of  sodic  acetate  (con- 
taining 100  grams  of  sodic  acetate  and  100  c.c.  of  acetic  acid  in  1  litre  of  water).  In  a  burette 
place  a  S.S.  of  nranium  acetate  which  is  previously  titrated  to  such  a  strength  that  1  c.c.  — 
'005  grm.  phosphoric  aeid.  Drop  in  the  standard  solution,  until  a  drop  of  the  mixture  gives  a 
faint  brown  colour  with  a  drop  of  the  indicator  (fcrrocyanide  of  potassium).  This  is  done  on  a 
porcelain  slab.  Boil  and  test  again.  If  necessary,  add  a  few  more  drops  of  the  S.S.  until  the 
brown  colour  reapjiears.  Read  off  the  c.c.  of  the  S.S.  used.  Suppose  17  c.c.  of  the  S.S.  are 
used,  then  '005  x  17 » '085  grms.  phosphoric  acid  in  50  c.c.  urine.  Suppose  a  patient  passes 
1250  c.c.  urine  in  24  hours,  then  50  :  1250  :  :  '085  :  x) 
1250  X  085 
gw —  =2*12  grams  of  phosphoric  acid  passed  in  24  hours.] 

In  addition  to  phosphoric  acid,  phosphorus  occurs  in  an  incompletely  oxidised  form  in  the 
urine,  e.g.,  glycero-phoephoric  acid  fCjlIgFO.]  (§  251,  2),  which  occurs  to  the  amount  of  15 
milligrams  in  a  litre  of  urine  ;  it  is  increased  in  nervous  diseases  and  after  chloroform  narcosis. 

3.  Sulphuric  acid  occurs  in  the  urine,  the  greater  part  in  combination  with  the 
alkalies,  [t.^.,  as  pre-formed  or  combined  sulpnuric  acid],  and  the  remainder  imited 
with  indol,  skatol,  and  i)yrokatechin,  in  the  form  of  aromatic  ethersulphuric 
compounds,  i.e.,  as  conjugated  sulphuric  acid  (p.  503),  [forming  the  ethereal 
sulphates],  the  ratio  being  1  :  0*1045.  All  conditions  which  favour  the  formation 
of  indol,  sKatol,  or  pyrokatechin  increase  the  amount  of  combined  or  conjugated 
sulphuric  acid.  The  total  daily  amount  of  sulphuric  acid  is  2*5  to  3*5  grams  [37 
to  52  grains].  It  is  increased  by  the  administration  of  sulphur  (Ki-ause).  The 
sulphuric  acid  is  chiefly  derived  from  the  decomposition  of  proteids,  and  hence 
its  amount  runs  parallel  with  the  amount  of  urea  excreted.  The  amount  of  alka- 
line sulphates  in  the  food  is,  as  a  rule,  very  small. 

Test  for  Sulphuric  Acid. — Barium  chloride  gives  a  copious  white  heavy  precipitate  of  barium 
sulphate,  insoluble  in  nitric  acid. 

An  increased  excretion  of  sulphuric  acid  in  fevers  indicates  an  increased  metabolism  of  the 
tissues  of  the  body.  In  renal  inHommation  it  has  been  observed  to  be  diminished,  and  in  eczema 
it  is  greatly  increased.  Feeding  with  taurin  (which  contains  sulphur),  in  the  case  of  rabbits, 
(but  not  in  carnivora  or  man),  increases  the  sulphuric  acid  in  the  urine  {Salkoicski),  Accord- 
ing to  Ziilzer,  a  copious  secretion  of  bile  lessens  the  relative  amount  of  sulphuric  acid  in  the 
urine. 

In  addition  to  sulphuric  acid,  sulphur  {})  occurs  in  an  inconiplctelv  oxidised  form  in  the  urine 
(}K)tassium  sulphocyanido,  cystin,  and  sulphur-bearing  compounds  derived  from  the  bile) 
{Kunkel,  v.  Vail — §  177,  6).  Htfposulpkurous  acid,  as  an  alkaline  salt,  is  an  abnormal  con- 
stituent in  typhus  ;  and  so  is  sulphuretted  hydrogen,  which  is  recognised  by  the  blackening  of  a 
piece  of  pajH-r  moistened  with  lead  acetate  and  ammonia,  held  over  the  urine. 

Quantitative  Estimation  of  Sulphuric  Acid. — Acidulate  strongly  with  acetic  acid  50 
c.c.  of  urine  and  add  to  it  an  equal  volume  of  water  and  barium  chloride.  After  beinff  heated 
for  an  hour  or  so  in  the  water-bath,  the  precipitate  falls  and  is  then  collected  on  a  mter,  and 


Sec.  262.]  OTHER  inorganic  bodies.  507 

washed  with  water,  then  with  dilute  HOI,  and  again  with  water.  The  baric  sulphate  purified 
in  this  way  is  then  burned  and  weighed.  It  contains  all  the  sulphuric  acid  which  formed 
salts,  i.e.^  all  the  combined  sulphuric  acid. 

The  filtrate  and  the  washings  obtained  after  the  above  process  contain  the  sulphuric  acid 
combined  with  organic  bodies.  The  filtrate  and  washing  are  mixed,  to  them  is  added  4  of 
its  volume  of  HCl,  and  the  whole  is  heated  for  some  time.  Barium  sulphate  and  a  resinous 
substance  separate  out.  Filter,  dissolve  and  wash  the  resinous  substance  off  the  filter  with 
hot  alcohol,  then  wash  with  hot  water,  dry,  and  burn  the  deposit ;  1  }tart  barium  sulphate 
corresponds  to  0*3433  H2SO4. 

[It  is  important  to  notice  that  sulphur  occurs  in  several  combinations  in  urine, 
as  the  ordinary  bibasic  salts  and  the  monobasic  conjugated  sulphuric  acid.  The 
latter  forms  about  one-tenth  of  the  average  amount  of  ordinary  sulphuric  acid. 
The  ordinary  sulphates  are  precipitated,  after  acidulation,  by  a  soluble  barium  salt 
(p.  506).  The  filtrate  still  contains  conjugated  sulphuric  acid.  Add  hydro- 
chloric acid  to  the  filtrate  and  boil ;  the  conjugjited  sidphuric  acids  are  broken  up 
and  may  also  be  ])recii)itated  as  a  salt  of  barium.  The  filtrate  from  this  still 
contains  some  sulphur  organically  combined.  Under  certain  circumstances  cystin 
and  sulpliocyanides  both  containing  sulphur  occur  in  the  urine.] 

4.  Excessively  minute  traces  of  silicic  acid  and  nitric  acid  derived  from  drink- 
ing water  have  been  found  in  urine.  Organic  acids^  e.g.,  citric  and  tartaric,  when 
taken  internally,  increase  the  amount  of  carbonates  in  the  urine.  The  urine  may 
effervesce  on  the  addition  of  an  acid. 

The  sodium  in  the  urine  is  chiefly  combined  with  chlorine,  but  a  small  part  of 
it  is  united  with  phosphoric  and  uric  acids ;  potassium  (which  is  about  \  of  the 
sodium)  is  chiefly  combined  with  chlorine.  In  fevers,  more  potash  is  excreted  than 
soda,  and  during  convalesence  the  reverse  is  the  case ;  calciimi  and  magnesium 
exist  in  normal  acid  urine  as  chlorides  or  acid  phosphates.  If  the  urine  is  neutral, 
neutral  calcium  })hosphate  and  magnesium  phosphate  are  precipitated.  Ebstein 
found  the  latter  in  alkaline  urine,  as  large  clear  four-sided  prisms,  in  diseases  of  the 
stomach.  If  the  urine  is  alkaline,  calcium  carbonate  (fig.  338)  and  tribasic  calcic 
phosphate  are  deposited  as  such,  while  the  magnesium  is  precipitated  in  the  fomi 
of  ammonio-magnesium  phosphate  or  triple  phosphate.  The  calcium  is  derived 
from  the  food,  and  depends  upon  the  amount  of  lime  salts  absorbed  from  the 
intestine.  Free  ammonia  is  said  to  occur  (0*72  gram  or  7  grains  daily)  in  per- 
fectly fresh  urine  {Neuhanei\  Briiche),  and  the  amount  is  greater  with  an  animal 
than  with  a  vegetable  diet  {Coranda).  The  amount  of  fixed  ammonia  is  increased 
by  the  administration  of  mineral  acids  ( Walter,  Schrniedeberg,  Gdthgens).  Iron  (1 
to  1 1  milligrams  per  litre)  is  never  absent.  There  is  a  trace  of  hydric  peroxide 
{Schimhein),  which  is  detected  by  its  decolorising  indigo-solution  on  the  addition  of 
iron  sulphate. 

Gases. — 24*4  c.c.  of  gtis  was  obtained  from  one  litre  of  urine — 100  volumes  of 
the  gases  pumped  out  consisted  of  65*40  vol.  COg,  2*74  0,  13*86  N.  After  severe 
muscular  action,  the  amount  of  CO2  may  be  doubled ;  digestion  also  increases  it, 
coi)ious  drinking  diminishes  it. 

263.  FEEMENTATIONS  OF  UEINE.— Acid  Fermentatioa^When  per- 
fectly  fresh  urine  is  set  aside,  it  gradually  becomes  more  acid  from  day  to  day. 
This  is  called  the  "acid  fermentatioa"  It  seems  to  be  due  to  the  development 
of  special  fungi  (^^.  316,  a),  and  the  process  is  accom]mnied  by  the  deposition  of 
uric  acid  (c),  acid  sodium  urate,  in  amorphous  grains  (b),  and  calcium  oxalate  (d). 
According  to  Scherer,  the  fungus  and  the  mucus  from  the  bladder  decompose  part 
of  the  urinary  pigment  into  lactic  and  acetic  acids.  The  latter  sets  free  uric  acid 
from  neutral  sodium  urate,  so  that  free  uric  acid  and  sodium  unite  must  be  formed. 
Butijric  and  formic  acids  have  been  found  as  abnormal  decomposition-products  of 
other  urinary  constituents.     When  the  acid  fermentation  begins,  the  urine  absorbs 
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Fig.  816. 

Deposit  in  *'acid  fermentation''  of  urine.  «,  fungus; 
6,  amorphous  soilium  urate  ;  c,  uric  acid  ;  d^  calcium 
oxalate. 


oxygen  {Padeur).  Acconling  to  Brticke,  it  is  the  lactic  acid,  formed  from  tlie 
minute  traces  of  sugar  present  in  urine,  which  causes  the  acidity.  According  to 
Rohmann,  who  recognises  tlie  acid  fermentation  as  an  exceptional  plienomenon, 

the  acids  are  formed  from  the 
decomi>08ition  of  sugar,  and  from 
alcohol  which  may  be  present 
accidentally.  Wliile  the  urine 
is  still  acid,  it  becomes  turbid 
and  contains  nitrous  acid,  whose 
source  is  entirely  unknown.  Ac- 
cording to  V.  Voit  and  Hofmann, 
phosphoric  acid  and  a  basic  salt 
are  formed  from  acid  sodium 
l>hosi)hate,  whereby  jmrt  of  the 
uric  acid  is  displaced  from  sodium 
urate,  thus  causing  the  formation 
of  an  acid  urate. 

Alkaline  Fermentation.  — 
When  urine  is  exj^sed  for  a  still 
longer  time,  more  especially  in  a 
warm  place,  it  Ixicomes  neutral 
and  ultimately  ammoniacal,  i.e., 
it  undergoes  the  alkaline  fermen- 
tation (fig.  317). 

This  condition  is  accomj)anied  by  the  formation  of  the  micrococcus  ure8B  (tig. 
317),  {Pasteur,  Cohii)  and  Bacterium  ureae  (figs.  317,  318),  which  causes  the  urea 
to  take  uj)  water,  and  decompose  into  COg  and  ammonia. 

[CON^H^  +  2H2O  =  (NHJ.COj,]. 

I'i'ea  Ammoniam  carbonate 

The  propei-ty  of  decomposing  urea  belongs  to  many  kinds  of  bacteria,  including  even  the 
sarcina  of  the  lungs— whose  germs  seem  to  be  univei-snlly  diffused  in  the  air.     These  organiums 

])roduce  a  soluble  ferment  {Muscuhis), 
whicli,  however,  only  passes  from  the  body 
of  the  cells  into  the  fluid  after  the  cell  or 
organism  has  been  killed  by  alcohol  (Lea), 

The  presence  of  ammonia  causes 
the  urine  to  l)ecome  turbid,  and  those 
substances  which  are  insoluble  in 
an  alkaline  urine  are  precipitated — 
earthy  phosphates,  consisting  of  the 
amorphous  caldc  phosphate,  add 
ammonium  urate  (fig.  316,  a),  in 
the  form  of  small  dark  granules 
<overed  with  spines ;  and,  lastly,  the 
large  clear  knife-rest  or  "  coffin-lid  " 
form  of  ammonio-magnesic  phos- 
phate, or  triple  phosphate  (tig.  339). 
[The  last  substiince  does  not  exist 
a^  such  in  nonnal  urine,  but  it  is 
formed  when  ammonia  is  set  free 
by  the   decomposition  of  urea,  the 


# 


Fig.  317. 

De]H)sit  in  ammoniacal  urine  (alkaline  fennenta- 

tion).     a,  acid  ammonium  urate  ;  6,  amnion io- 

magnesium  phosphate  ;  c,  bacterium  urere.  ... 

ammonia  uniting  with  the  magnesium 
jdiosphate.  Its  i)rosence  therefore  always  indicates  anuuoniacal  fcnnentation  of 
tlie  urine.]    In  cases  of  catarrh  or  inflammation  of  the  bladder,  this  decomposi- 
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tion  may  take  place  within  the  bladder,  when  the  urine  always  contains  piis-cells 
(fig.  323)  and  detached  epithelium.  When  much  pus  is  present,  the  urine  contains 
albumin.     Ammoniacal   urine   forms  white   fumes   of 


ammonium  chloride,  when  a  glass  rod  dipped  in  hy-  C,/\,'J^:^^ 

drochloric  acid  is  brought  near  it.     [When  ammonia  'Jp\   v/ 

is  added  to  normal  urine,  triple  phosphate  is  precipi-  ?•    •*  "  -^  <  'irtO 

tated  in  a  feathery  form  (fig.  341).]  '  x    •'•^/^s*^  '^^- 

[Sig^nificance  of   Triple   Pboephate. — If  nrino   be  alkaline  Y'la,  318. 

when  it  is  passed,  and  the  alkalinity  be  due  to  a  volatile  alkali^  .,. 

i.  e. ,  to  NHg,  then  decomposition  of  the  urine  has  taken  place,  and  Micrococcus  urew. 

this  kind  ofunne  is  a  sure  sign  that  there  is  disease  of  the  genito-urinary  mucous  membrane.] 

264.  ALBUMIN  IN  UBINE  OR  ALBTHflNIJEIA.— Serum-albumin  is  the 

most  important  abnormal  constituent  in  urine  which  engages  the  attention  of  the 

f>hysician.     It  occurs  in  blood  (§  32),  and  its  characters  are  described  in  §  249. 
In  some  cases,  perhaps  in  most  ca.ses,  serum-globulin  is  present  along  with  serum- 
albumin.] 

GauBes  of  Albuminuria. — 1.  Serum-albumin  may  appear  in  mine  witliout  any  apparent 
anatomical  or  structural  change  of  the  renal  tissues.  This  condition  has  been  called  by  v. 
Bamberger  **I£asnialogenous  albuminuria,^*  and  by  Leube  "physiological  albuminuria"  although 
the  latter  term  is  not  a  good  one.  It  occurs  but  rarely,  however,  and  sometimes  in  healthy 
individuals  when  there  is  an  excess  of  albumin  in  the  blood-plasma  (c.gr.,  after  suppression 
of  the  secretion  of  milk),  and  after  too  free  use  of  albuminous  food.  2.  As  a  result  of 
increased  blood-pressure  in  the  renal  vessels,  e.g,,  after  copious  drinking.  It  may  be  temporary 
or  it  may  be  persistent,  as  in  cases  of  congestion  following  Tieai-t  disease,  emphysema,  ciironic 
pleuritic  effusions,  infiltrations  of  the  lungs,  and  after  compre&sion  of  the  chest,  causing  conges- 
tion in  the  pulmonary  circuit,  which  extends  even  into  the  renal  veins,  &c.  3.  After  section 
or  paralysis  of  the  vaso-motor  nerves  of  the  kidneys,  which  causes  great  congestion  of  these 
organs.  The  albuminuria,  which  accompanies  intense  and  long-continued  abdominal  pain,  is 
brought  about  owing  to  a  reflex  paralysis  of  the  renal  vessels.  4.  After  violent  muscular 
exercise.  [Senator  found  that  forced  marches  in  young  recruits  were  very  frequently  followed 
by  the  appearance  of  albumin  in  the  urine,  which  persisted  for  several  days.]  Convulsive  dis- 
orders, e.g.,  epilepsy,  the  spasms  of  dyspnoea  after  strychnin  i)oisoning,  in  shock  of  the  brain, 
apoplexy,  spinal  jiaralysis,  and  violent  emotions  ;  the  excessive  use  of  morphia,  which  perhaps 
acts  on  the  vaso-motor  centres.  5.  It  may  accompany  many  acute  febrile  diseases,  e.g.,  the 
exanthemata  (scarlet  fever),  typhus,  pneumonia,  and  pysemia.  In  these  cases  it  may  be  due  to 
the  increase  of  temperature  paralysing  the  vessels,  but  more  probably  the  secretory  apparatus  of 
the  kidney  is  so  changed  (e.g.,  cloudy  swelling  of  the  renal  epithelium)  that  the  albumin  can 
pass  through  the  renal  membrane.  6.  Certain  degenerations  and  inflammations  of  the  kidneys 
at  several  of  their  stages.  7.  Inflammation  or  suppuration  in  the  ureter  or  urinary  passages. 
8.  Certain  chemical  substances  which  irritate  the  renal  parenchyma,  e.g.,  cantharides,  carbolic 
acid.  9.  The  complete  withdrawal  of  common  salt  from  the  food.  The  albumin  disajipears 
when  the  common  salt  is  given  again.  10.  The  epithelium  may  be  in  such  a  condition  that  it 
cannot  retain  the  albu7nin  within  the  vessels,  due  to  imperfect  nourishment  and  functional  weak- 
ness of  the  excretory  elements.  This  includes  the  albuminuria  of  ischa'.mia,  and  that  after 
heemorrhage,  in  antemia,  scorbutus,  icterus,  diabetes.  [Grainger  Stewart  finds  that  albuminuria 
is  more  common  amon^  presumably  healthy  people  than  was  formerly  supi)osed.]  [11.  Besides 
the  experimental  conditions  mentioned  above,  what  is  called  experimental  albuminuria  may  be 
produced  by  pressure  on  the  renal  vein,  or  by  closing  the  renal  artery  for  a  short  time  and  then 
removing  the  obstruction  and  allowing  the  blood  to  circulate.  ] 

[Besides  being  derived  from  the  secreting  parenchyma  of  the  kidney,  albumin  may  be 
present  owing  to  admixture  with  the  secretions  from  any  part  of  the  urinary  tract,  including 
the  vagina  and  uterus  in  the  female.  In  some  cases  the  transudation  of  albumin  is  favoured  by 
changes  in  the  capillary  walls,  the  albumin  being  forced  through  by  the  intravascular  pressure. 
Sometimes  albuminuria  occurs  during  the  course  of  severe  typhoid  fever,  and  in  acute  fevers 
generally,  where  the  tem])erature  is  persistently  above  40°  C.  (104°  F.).  The  high  temperature 
alters  the  filtering  membrane  and  nermitn  the  filtration  of  albumin.] 

[So-called  Physiological  Albtmunnria. — This  term  has  been  applied  to  that  condition  of  the 
urine,  where  traces  of  albumin  are  found  in  individuals  apparently  in  perfect  health.  Johnson 
and  Pavy  cite  such  cases,  while  Posner  asserts  that  all  urine — even  healthy  urine — contains  traces 
of  proteids,  whose  presence  is  ascertained  after  concentrating  the  urine.  It  is  safe  to  assume 
that  normal  urine  should  give  no  reaction  with  the  usual  tests  for  albumin.  Posner  precipi- 
tated the  urine  with  alcohol,  washed  the  precipitate,  dissolved  it  in  acetic  acid,  and  tested  it, 
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with  the  ferrocyaiiide  test  for  albumin.  He  finds  that  minute  traces  of  proteid  are  detected  by 
the  following  modification  of  the  biuret  test : — Make  the  urine  alkaline,  and  by  the  "  contact 
method  "  bring  a  layer  of  very  dilute  cupric  sulphate  over  it ;  when  the  two  fluids  touch,  a 
reddish -violet  ring  is  obtained.] 

The  tests  for  albumin  in  mine  depend  ui>ou  the  facts  that  it  is  coagulated  by 
heat  in  neutral  or  acid  solutions,  and  it  is  precipitated  by  various  reagents. 

[(1)  Heller's  Test — Place  10  c.c.  of  the  urine  in  a  test-glass,  and  pour  in  pure  colourless 
HXO]  so  as  to  run  down  the  side  of  the  glass,  forming  a  layer  beneath  the  urine.  A  white 
zone  of  coagulated  albumin  indicates  the  presence  of  albumin.  In  this  test  it  is  important  to 
wait  a  certain  time  for  the  development  of  the  reaction.  In  urines  of  high  8i>ecific  gravity,  a 
badness  due  to  acid  urates  may  be  formed  above  where  the  two  fluids  meet,  but  its  upper  edge 
is  not  circumscribed.  The  acid  decomposes  the  neutral  urates  and  fonns  a  more  insoluble  acid 
salt.  This  cloud  of  acid  urates  is  readily  dissolved  by  heat,  while  the  albumin  is  not ;  the 
latter  is  always  a  sharply  defined  zone  between  the  two  fluiils.  In  very  concentrated  urine 
(rare),  nitric  acid  may  gradually  precipitate  crystallbu  urea  nitrate.  In  |iatients  taking 
copaiba,  nitric  acid,  by  acting  on  the  resin,  causes  a  slight  milkiness.] 

[(2)  Boiling  and  Nitric  Add. — Place  10  c.c.  of  urine  in  a  test-tube  and  boil.  If  albumin  be 
present  in  small  quantity,  a  faint  haziness,  which  may  be  detected  in  a  proper  light,  will  be 
produced.  Add  10  to  12  drops  of  HNO,.  If  the  turbidity  disappears  it  is  due  to  phosphates, 
while  if  any  remains  it  is  due  to  albumin.  If  albumin  be  present  in  lar^  quantity,  a  copious 
whitish  coagulum  is  obtained.  Precautions. — (a)  In  all  cases,  if  the  urine  be  turbid,  filter  it 
before  applying  any  test,  {b)  How  to  boil. — Boil  the  upper  strata  of  the  liquid,  and  take  care, 
if  any  coagulum  be  formed,  that  it  does  not  adhere  to  the  side  of  the  tube,  else  the  tube  is 
liable  to  break,  (c)  In  performing  this  test  with  a  tieutrai  solution,  note  when  the  precipitate 
faUa]  for  albumin  is  precinitated  about  70"  C,  phosphates  not  till  about  the  boiling  point,  (d) 
AmoutU  of  Acid, — If  too  little  (2  or  8  drops)  HNO,  be  added,  or  too  much  (30  or  40  drojw),  we 
may  fail  to  detect  albumin,  although  it  is  present.] 

(3)  Ferrocyanide  Test. — By  the  addition  of  acetic  €u;id  and  potassium  ferrocyanide,  [If 
albumin  be  present,  a  white  flocculent  precipitate  se^Mirates  in  the  cold.  Dr  Pavy  has  intro> 
duced  pellets,  consisting  of  a  mixture  of  citric  acid  and  sodic  ferrocyanide.  All  that  is  required 
is  to  add  a  ])ellet  to  the  suspected  urine.  Oliyer's  Papers. — Dr  Oliver  uses  papers,  one  saturated 
with  citric  acid  and  another  with  ferrocyanide  of  potassium.  The  two  papers  are  added  to  the 
clear  filtered  urine.  Other  precipitants  of  albumin,  such  as  small  pieces  of  paper  impregnated 
with  potassio-mercuric  iodide,  are  used  by  Oliver.] 

(4)  Boiling  Acid  Urine. — If  tlie  urine  be  alkaline,  although  albumin  may  be  present,  it  is 
not  preci]>itated  by  heat  alone.  We  require  to  add  acetic  acid  until  a  slightly  acid  reaction  is 
obtained.  Boiling  may  give  a  precipitate  of  earthy  phosphates  in  an  alkaline  urine,  owing 
perhaps  to  the  CO,  being  driven  off.  This  precipitate  might  be  mistaken  for  albumin,  but 
on  adding  acetic  acid  or  nitric  acid,  the  earthy  precipitate  is  dissolved,  while  the  precipitate  of 
albumin  is  not  dissolved.  In  testing  for  albumin,  always  use  clear  urine.  If  it  is  turbid, 
filter  it. 

[(5)  Metaphosphoric  acid  is  dissolved  in  water  just  before  it  is  to  be  used  and  added  to  clear 
urine  {Uimlcnlatig).  Graham  |K)intcd  out  that  metaphos])horic  acid  precipitated  albumin.  A 
20  per  cent,  solution  of  ilie  ordinary  glacial  phosphoric  acid  is  a  good  test  for  albumin,  but  it 
also  precipitates  peptones.  It,  however,  changes  into  ordinary  phosphoric  acid  by  keeping, 
and  then  it  no  longer  precipitates  albumin.] 

[(6)  Sodic  Sulphate  and  Acetic  Acid. — Acidulate  10  c.c.of  urine  with  acetic  acid,  and  add  |  of 
its  volume  of  a  concentrated  solution  of  sulphate  of  soda  or  magnesia.  On  heating,  if  albumin 
be  present,  a  distinct  cloudiness  is  obtained.] 

[(7)  In  picric  acid  according  to  Dr  Johnson,  we  have  a  more  delicate  test  for  minute  tiaces 
of  albumin  than  either  heat  or  nitric  acid,  or  than  both  these  tests  combined.  It  is  used  cither 
in  the  form  of  crystals  or  tK>wder,  or  as  a  saturated  aiiucous  solution.  Take  a  four-inch  column 
of  urine  in  a  test-tube,  hold  the  tube  in  a  slanting  direction,  and  pour  an  inch  of  the  picric 
acid  s4)lution  on  the  surface  of  the  urine,  where,  in  consequence  of  its  low  s(»ecific  gravity  (1005), 
it  mixes  only  with  the  up|>er  layer  of  the  urine.  It  coagulates  any  albumin  present.  The 
precipitate  occurs  at  once,  and  is  increased  by  heat,  while  the  urate  of  soda,  which  is  sometimes 
precipitated,  is  soluble  on  heating.  Peptones  and  albumoses  are  also  precipitated  by  this 
reagent,  but  the  precipitate  re<lissolves  on  heating.] 

[(8)  Potassio-mercnric  iodide,  or  Tanret's  reagent,  gives  a  white  ])recipitate.  This  is  a 
very  delicate  test,  but  it  also  precipitates  peptones  and  albumoses  (but  these  precipitates  are 
dissolved  by  heat),  alkaloids,  and  bile-salts.  The  reagent  consists  of  mercuric  chloride,  1*35 
grams  ;  potassium  iodide,  3*32  grams  ;  acetic  acid,  20  c.c. ;  and  water,  64  c.c] 

[Dr  Roberts  regards  any  test  for  albumin  which  requires  strong  acidulation  with  an  organic 
a<dd,  citric,  acetic,  or  lactic,  as  unsatisfactory,  since  it  precipitates  mucin.  For  this  reason  he 
r^ects  the  tungstate,  mercuric  iodide,  and  potassic  ferrocyanide  tests.     Dr  Roberts  regards  the 
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heat  test,  with  the  addition  of  a  small  definite  quantity  of  acetic  acid,  as  the  best  test  for  the 
detection  of  small  Quantities  of  albumin.] 

1.  Quantitative  Estiiiiatioii  of  albumin.— 100  c.c.  of  urine  are  boiled  in  a  caasule,  some 
acetic   acid    being  ultimately  added,  whereby  the   albumin    is  precipitated   in   flakes.     The 

Erecipitate  is  collected  on  a  weighed,  dried  (110"),  ash-free  filter,  and  repeatedly  washed  with 
ot  water,  then  witli  alcohol,  and  dried  in  an  air-bath  at  110*.  The  weight  of  the  filter  is 
deducted,  and  finally  the  dried  filter  with  the  albumin  is  burned  in  a  weighea  platinum  capsule, 
and  the  weight  of  the  ash  also  deducted.  [This  method  is  not  available  for  the  busy  practitioner 
on  account  of  the  time  it  takes.  Practically,  it  is  sufficient  to  compare  from  day  to  day  the 
projwrtion  that  the  precipitated  albumin  bears  to  the  bulk  of  the  urine  tested.  A  graduated 
tube  may  be  used,  so  that  after  the  precipitate  has  subsided,  the  physician  may  see  what  pro- 
portion of  the  whole  the  precipitate  occupies.] 

Esbach^B  Albnminimeter  (fig.  319). — A  glass  cylinder  is  filled  with  the  urine  up  to  tho 
mark  U,  and  to  R  with  the  precipitant  (20  citric  acid,  10  picric  acid,  970  water).  The  vessel 
is  corked  and  turned  upside  down  seveml  times  to  secure  the  mixture  of  the  fluids. 
After  twenty-four  hours  the  coagulated  albumin  subsides,  when  tho  graduation  on 
the  tube  indicates  the  number  of  grams  of  albumin  per  1000  c.c.  of  nrine.  Very 
albuminous  urine  must  be  previously  diluted.  [Suppose  the  amount  of  deposit 
to  reach  to  3,  and  the  patient  passed  1800  c.c.  of  urine  in  24  hours,  the  amount 
of  albumin  is  1  8  x  S  —  SM  grams  in  24  hours.     That  is,  3  grams  in  1000  c.c,  there- 

foreL8?^-3^6-4.] 
1000 

2.  Serum-globulin  occurs  only  in  albuminous  urine,  and  is  frequently  present. 
Its  presence  is  ascertained  by  [neutralising  and]  adding  powdered  magnesium 
sulphate  in  excess  to  the  urine  ;  when  it  is  present  it  is  precipitated  (§  32).  The 
more  globulin  there  is  in  the  presence  of  albumin,  the  more  difficult  it  is  to  pre- 
cipitate it.  Sometimes,  when  an  albuminous  urine  is  dropped  into  a  large  cylinder 
of  water,  each  drop  as  it  sinks  is  followed  by  a  milky  train,  and  when  a  sufficient 
numher  of  drops  have  been  added,  the  water  becomes  opalescent,  the  opalescence 
disappearing  on  adding  an  acid.  The  globulin  is  kept  in  solution  by  common  salt 
and  other  neutral  salts,  but  when  these  are  largely  tlilutcd,  the  globulin  is  precipi- 
tated {RoherL^). 

3.  Peptone  occurs  in  some  specimens  of  albuminous  urine,  but  also  in  non- 
albuminous  urine.  Maixner  found  it  constantly  in  the  urine  in  all  cases  where 
suppuration  is  present,  and  even  in  phthisis,  constituting  pyogenic  peptonuria. 
Peptone  occurs  in  ])us,  and  the  peptonuria  in  these  cases  is  a  sign  of  the  breaking 
up  of  the  pus-cells  { Ho/me ister).  Also  when  many  leucocytes  are  broken  up  in  the 
blood  (hsamatogenic).  It  occurs  in  cases  where  there  is  great  disintegration  of 
albuminous  tissues,  c.gr.,  in  cancer,  [suppurative  diseases,  empyema,  croupous 
pneumonia,  phosphorus-poisoning,  &c.].  It  is  frequently  found  after  child-birth. 
Ammonium  sulphate  precipitates  all  proteids  except  peptones  (p.  464). 

[The  only  satisfactory  test  for  peptone  is  to  precipitate  all  the  other  proteids  with 
ammonium  sulphate,  and  any  proteid  remaining  in  solution  in  the  filtrate  must 
then  be  peptone.  Many  of  the  so-called  cases  of  peptonuria  (Martin)  (in  sup- 
purative diseases)  are  really  due  to  the  presence  of  deutero-proteose.  This  last 
substance  gives  all  the  reactions  for  peptone  except  the  following  two.  It  is 
precipitated  by  ammonium  sulphate,  wnile  peptone  is  not.  It  gives  no  precipitate 
with  nitric  acid  unless  a  considerable  amount  of  salt  is  added,  and  this  precipitate  albumini- 
disappears  on  heating  and  reappears  on  cooling,  while  peptone  gives  no  precipitate  meter, 
with  nitric  acid.  ] 

[When  jHjptone  is  injected  into  the  blood  it  is  excreted  in  the  urine  as  peptone  (p.  36). 
Deutero-albumose  similarly  injected  appears  as  peptone.] 

Test. — Separate  the  albumin  by  boiling  and  the  addition  of  acetic  acid.  Ti-eat  the  filtrate 
with  three  volumes  of  alcohol ;  this  precipitates  the  peptone,  which,  when  dissolved  in  water, 
gives  the  characteristic  reactions  for  peptone  (§  166,  1.). 

4.  Proteoses,  i.e.,  Hemialbnmose  or  propeptone  occur  very  rarely,  e.g.,  in  osteomalacia  and 
intestinal  tuberculosis  {Bnice  Jmus).  The  urine  is  heated  to  saturation  with  NaCl  and  a  large 
quantity  of  acetic  acid  added,and  filtered  while  hot,  to  separate  the  albumin  and  globulin.  In 
the  cold  filtrate  hemialbumose  forms  a  turbidity,  wliich  is  redissolved  by  heat.  The  precipitate 
thrown  down  by  HCl  and  HNO,  is  soluble  by  heat  i^Kithne),  The  precipitate  is  isolated  by 
filtration,  and  dissolved  in  a  little  warm  water,  when  it  gives  with  HNO3  a  yellow  reaction  ; 
like  peptone  the  solution  gives  the  biuret-reaction  (p.  466).  [Another  proteose  occurring  in 
the  urine  is  deutero-proteose,  which  has  been  mistaken  for  peptone  (see  above).] 

5.  Egg-albumin  appears  in  the  urine  when  much  egg-albumin  is  taken  in  the  food,  and  also 
when  it  is  injected  into  the  blood-vessels  (§  192,  4).  According  to  Semmola,  the  albumin 
present  in  the  urine  in  Bright's  disease  has  undergone  a  molecular  change  (similar  to  egg- 
albumin),  and  hence  it  is  excreted. 
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6.  MnoQS  is  present  in  large  amount,  especially  in  catarrh  of  the  bladder.  It  contains 
numerous  mucous  corpuscles,  which  are  scarcely  distinguishable  from  pus  corpuscles.  They  con- 
tain albumin,  so  that  urine  containing  much  mucus  is  albuminous  ;  mucin  is  not  precipitated 
by  heat,  but  acetic  acid  gives  a  ftocculent  precipitate  in  clear  urine.  [Minute  traces  of  mucin 
occur  normally  in  urine.  If  clear  normal  urine  be  set  aside  for  a  short  time,  a  flocculent  hazi- 
ness, like  a  cloud  of  cotton  wool,  is  seen  floating  in  the  urine.  This  is  mucus  entangling  a  few 
epithclinl  cells  from  the  genito-urinary  ti'act.  Mucin  Beaotion. — Accoixling  to  W.  Roberts, 
the  addition  of  a  concentrated  solution  of  citric  acid  to  urine,  as  in  Hellers  test  (§  264,  a), 
where  the  two  fluids  meet,  causes  an  o{)alescent  zone  gradually  to  be  foimed  above  the  layer  of 
acid.] 

265.  BLOOD  (KSMATIIEIA)  AND  BLOOD-FIGMEHT  (HiBMOOLOBIK- 
XTKIA)  IN  THE  UMNB.— I.  Source  of  the  Blood.— (1)  In  hamaturia,  the 

hlood  may  come  from  any  part  of  the  urinary  apparatus. 

1.  In  hremorrhage  from  the  kidney,  the  amount  of  blood  is  usually  small  and  well  mixed 
with  the  urine.  Tlie  ])resenee  of  *' blood-cylinders,"  long  microscopic  blood  coagula,  casts  of 
the  uriniferous  tubules,  washed  out  of  them  by  the  urine,  is  characteristic  when  they  are  found 
in  the  urine  (fig.  332).  The  urine  usually  has  a  smoky  ap|)eai-auce.  [The  urine  slowly  dijsolves 
out  the  colouring  matter,  the  stroma  of  the  corpuscles  after  a  time  being  deposited  as  a  brownish 
sediment.  The  smoky  hue  occurs  only  in  acid  urine  ;  if  the  urine  becomes  alkidine,  the  hue 
becomes  brighter  ivd.*]  The  bloi>d-corpuscles  show  peculiar  changes  of  form,  [they  become 
creuated]  (fig.  320),  and  exhibit  evi<lence  of  division,  due  to  the  action  of  urea  on  them  (§  6). 

Large  coagula  are  never   found   in  urine   mixed  with 

r»      O        blo^   derived   from    the  kidney.     2.   In   hiemorrhage 

(^    /)  Q  cO     from  the  ureter,  we  occasionally  find  worm -like  masses 

,_^  0   9U     of  clotted  blood,  casts  of  the  canal  of  the  ureter.     8. 

O-^    j^   0  The    relatively   largest  coagula  occur  in   haemorrhage 

M      (]  jf)       from  the  bladder.     In  all  cases  where  blood  is  present, 

n   ^>i   ^      we  must  examine  microscopically  for  the  blood-corpos- 

^      cles,  and  it  may  be  for  coagida  of  fibrin.     In  acid  urine, 

blood-corpuscles,  but  never  arranged  in  rouleaux,  may 

Fig.  820.  Fig.  321.  be  found  after  two  or  three  days.     The  blood-corpuscles 

Fijr  8'»0  — Crouateil  nnl  blood-corpus-    ^^^^^  as  a  red  sediment  at  tlie  bottom.     If  the  hemor- 

Q\es  in   urine,  x  350.     Fig.   321.—    >"^«ge  is  copious,  many  retain  their  original  shape,  but 

Peculiar  changes  of  the  red  blood-    if  the  urine  is  very  concentrated,  they  may  become 

corpuscles  in  renal  haematuria.  crenated.  .  „        •.    ,       , 

'  \Nhen  there  is  a  small  and  slow  hemorrhage  from 

ruptured  small  capillaries,  the  red  blood -corpuscles  are  of  unequal  size,  many  4  to  t  the  size 
of  normal,  while  the  pigment  has  become  brownish-yellow  (fi^.  321). 

If  a  haemorrhage  of  this  kind  be  accompanied  by  catarriial  inflammation  of  the  Uadder,  there 
is  found  between  the  re<i,  numerous  shrivelled  leucocytes  (fig.  821),  which  in  freshly  passed  urine 
often  exhibit  lively  amojboid  movements.  If  the  urine  be  alkaline,  as  it  usually  is,  crystals  of 
triple  phosph.ite  also  occur. 

If  the  remains  of  the  red  blood -coqmscles  l>ecome  very  pale,  their  presence  may  be  frequently 
ascertaineii  by  adding  imline  in  a  solution  of  KI  (fig.  321).  Blood  is  constantly  present  in  the 
urine  during  menstruHtion. 

n.  Hsemoglohinuria  is  quit«  distinct  from  htematuria.  It  depends  upon  the 
oxorotiou  of  hsemoglohin  as  such  through  the  kidneys,  and  it  is  produced  when 
ha?moglol>in  oixnirs  free  within  the  bloo^l-vessels,  as  in  eases  where  the  coloured 
bkHxi-corpuscles  have  Wen  dissolveil  inside  the  blood-vessels  (hiemocytolyjus). 

It  occurs  when  foreign  blootl  is  transfused,  r.<7.,  when  lamb's  blood  is  transfused  into 
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The  foreign  blood -«x>rpusclcs  are  dissolved  in  the  blood  of  the  recipient,  and  the  hftmoglobta 
ap(H'ars  in  the  urine  \,§  102).  In  addition,  microscopic  »*cylinderB,"  or  **ca«ta,"  consisting  of  a 
globulin-like  Ixnly,  tinged  yellow  with  haMuoglobin,  may  likewise  W  found  in  the  urine.  It 
also  oo*.*urs  in  oains  of  severe  burns  ^§  10,  3; ;  after  deconq>osition  of  the  blood  in  pyiemi* 
scorbutus,  pur|>uni,  sever*  typhus,  after  respiring  arseniuretted  hydrogen,  and  after  the 
passage  of  azoWnzol,  naphtol,  pyrogallicacid,  [totassic  chlorate,  chloral,  phosphorus,  or  carbolic 
acid  into  the  oinulation.  [The  injection  of  laky  Mood,  water,  ether,  glycerin  {Adawu\  or 
toluylendiamin  yArfarnvsmnr)^  aUo  causes  it,  and'  in  such  cases  Affanassiew  asserts  that  the 
Hb  )«sses  out  through  the  glomeruli,  while  brown  degeneration-products  of  the  red  blood- 
corpuA^trs,  which  ar*  diss»i>lveii  by  these  agents,  were  found  in  the  convoluted  tubules.]  These 
aul^tanoes  dissolve  the  ntl  blcK)d-cor]nisclea5*  Sometimes  it  oci.'Uis  peziodioally  from  causes 
aiul  conditions  as  ye;  but  little  unaerstoo^i.  <*.(/.,  the  application  of  cold  to  the  skin. 
[In  paroxjimal  hsHDO^binuzia,  which  occurs  during  ^^riodic  febrile  *ttirkfl,  hjemoMrio- 
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but  generally  there  is  also  inetliremoglobin,  which   does 
thti  uriuo  oil  the  pigment,  but  the  metba:i]io>;lobiu  soeniB  to 
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bin  may  be  pn?Aeut  in  the  xnine, 
not  Bee  1 11  to  be  duo  to  the  action  of 
be  sdcreted  as  sm-b  in  the  kkliiey.] 

TeitB  for  Blood  in  Utine,— 1.'  1'he  colour  of  bloody  m'lm  shows  every  tint,  from  a  faint  retl 
to  a  dark    blacki^^h-browD^    jiLLfird:- 
ing  to  the  aiimuMt  of  blrj^od  priscnt 
The  urine  is  often  turbid. 

2.  Uiiiio  coiititiiiing  blood  or 
blocHjj»i«rmeiit  eontaiiiM  albumin. 

3.  Helier'a  Blood  Test.— Ad  I  to 
xirine  half  it»  volutne  of  soliuion  of 
caustic  potanb,  ai^l  htat  gently. 
The  eartijy  phosphates  are  pret^i(ti- 
tatetl,  and  tlioy  carry  the  hiettiatin 
witli  thnn,  fiilliug  <ih  garnet >red  floe- 
culi,     [This  i:4  not  a  reliable  test.] 

4.  ^endn  Test.— The  eoleiuTd 
cartJjy  ]thoH|*lmtt^H  may  ht*  colljiited 
on  Q  hlter,  and  from  t  lie  in  bieiriin 
may  ^c  prep^rml  as  ditectnl  in  §  Hi. 

5.  Almen's  Test  —Add  tr»  urine, 
freshly  prepared  tinetur«  of  gnaia- 
eunt  and  ozouiaed  etbijr ;.  a  bine 
colour  indieatcs  the  presence  of 
blood  (§37). 

tJ.  SpGCtroflOOpe  (see  §  14).  Fig.  324  .shows  the  arrangement  of  tbe  fipprntiia.  The  urine  is 
Iiluoefl  ill  a  gh*s»  vessel,  D,  with  jwirallel  sides,  1  ceiitimetrij  ajiart  (luBmatinometer),  Light 
from  a  lamp^  K,  paH^n  through  the  lluid*     The  lamp,  F»  illuminatoa  tlie  »ualej  which  is  seen  by 
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Fig.  322. 


Fig.  323. 


Fig.  322. — Ootoure<l  and  (n)  coloorle^s  blood -corpuscles  of 
various  fnrnis.  Fig.  323. -^Shrivelled  bloi»d-cor|)U8cles 
in  nrijie  (catjirrh  of  the  bladder)^  with  numeroua  lyinph- 
corpuscltis,  and  crystals  of  triple  phosphate,   x  350. 


fig.  324. 
Spectroscope  for  luveatigating  the  presence  of  hiemoglohin  in  iiriue. 

tlie  observer  through  the  telescope,  A.  {a)  Fresh  tufine  containing  blood  gives  the  sfwctrnm 
of  oxyhsemoglobiiL  (tig.  23),  {b}  When  bloody  nriiie  is  exfwsfid  for  some  lime,  esi)et.'ially  In 
a  wiirm  pUce,  it  becomes  mory  acid,  and  aaaunies  a  dnrk  browninli- black  colour.  The  hie  mo- 
globiu  becomes*  ehauged  into  methaamoglobin  {^  15).  It  is  precifiitiited  by  Imd  acetate,  which 
does  not  nreeipihite  oxybieinoglobin  ;  the  spectmra  nf  moibie<noglobm  resemldeiitliat  of  hfediatin 
in  an  acid  itoluiion  (§  15,  fig.  2:j).  The  spectra  may  be  com  bin  ei  (c)  The  microscopic  inveati* 
gatiou  must  never  be  omitted.  The  shape  of  the  corpuscles  may  vary  considerably  (tigs,  820- 
322). 
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514  KILE  AND  SUGAR   IN   URINE.  [ScC.    266. 

266.  BILE  IK  USIHE  (GHOLIIEIA).— The  physiological  conditions  which 
cause  the  hile  constituents  to  appear  in  the  urine  are  mentioned  in  part  at  §  1 80. 

Hamatogenic  or  Anhepatogenic  leterns  {Quincke),  occurs  when  bilirubin  (§  20)  is  formed 
from  extra^asated  blood  by  the  action  of  the  connect! re- tissue  corpuscles,  so  tliat  bile  pigments, 
in  addition  to  lolouring  the  tissut-s,  ]>ass  into  the  urine. 

L  BOe  Pigments.  — Their  presence  is  ascertniued  by  Gmelin-Heintz's  test.  Grrrn  (Bilivenlin) 
is  the  characteristic  hue  in  the  play  of  colours  obtained  with  this  test,  which  is  fully  described 
in§  177. 

Modifications  of  the  Test— 1.  If  icteric  urine  be  filtered  thron^^h  filtering  or  blotting  ]>aper, 
a  drop  of  nitric  acid  containing  nitrous  acid,  when  applied  to  the  inner  surface  of  the  spread- 
out  filter,  gives  a  yellowish-coloured  ring  {Rosenbach).  2.  In  order  that  the  n-action  may  not 
takf  place  too  rapidly,  add  a  concentrated  solntion  of  sodic  nitrate,  and  then  slowly  pmr  in 
sulphuric  ai'id  {FleiscM).  3.  On  shaking  50  c.c.  of  icteric  urine  with  10  c.c.  of  chloroform, 
the  bilinibin  is  dissolved  by  the  latter.  On  adding  bromide  water,  a  beautiful  ring  of  colonrs 
is  obtained  {Mai»).  If  the  chloroform  extract  be  treated  with  ozonised  tuqien tine  and  dilute 
caustic  potash,  a  green  colour,  due  to  bilivenlin,  occurs  in  the  watery  fluid  {GerhanU). 

[ICarechal^B  Test. — Pour  tincture  of  iodine  (B  P.)  on  the  surface  of  the  urine  in  a  test-tube. 
A  green  colour  ap|)ears  if  bile  pigments  are  pi^eseut.] 

In  slight  de<(refs  of  j.iundice,  urobilin  alone  may  be  found  \§  261,  1)  {QuiHclx). 

In  persistt-nt  high  fever,  the  urine  contains  especially  biliprasin  {Hupperl).  If  it  contains 
choletelin  alone,  add  to  the  urine  some  hyditK-hloric  acid,  and  examine  it  with  the  spectroscope, 
which  gives  a  pale  al»sorption-band  between  h  and  F  (§  177,  3,/). 

Hgmatoidin. — Sometimes  crystals  of  Jurmaioidin  (§  20,  fig.  27)  appear  in  the  urine,  especially 
when  bloo4l-corpusolei»  are  dissolved  within  the  blood-stream  ;  occasionally  in  8carlt*t  fever  and 
tvphus,  and  sometimes  in  cases  of  (teriodic  hienioglobinnria.  The  breaking  up  of  old  blood- 
clots  in  the  urinar>*  jtassages,  as  in  pyonephrosis  {Ebsirin),  or  the  dissiolutiou  ol  necn»tic  areas 
{Hqfmann  and  Ullzmann)  produces  them,  and  similar  crystals  occur  in  analogous  cases  in  the 
sputum  (§  13S).  In  jaundice  due  to  congestion  (§  180),  the  identical  crysUlline  substance, 
bilirubin,  is  found. 

n.  Bile  acids  occur  in  largest  amount  in  ab$or|>tion  jaundice,  but  they  are  never  present  to 
any  extent.  The  test  is  described  at  §  177,  2,  the  cane-sugar  solution  consisting  of  0*5  grm.  to 
1  litre  of  water.  If  the  urine  be  dilute,  it  is  advisable  to  concentrate  it  on  a  water-liath.  [It 
is  rare  to  j:et  a  satisfactory  result  with  Pettenkofer's  test  in  ordinary  icteric  urine.]  V. 
Prtienkofer's  test  may  l>e  used  with  the  alcoholic  extract  of  the  nearly  dry  residue,  but  no 
albumin  niust  1h?  present.     DragendorflT  found  0  8  grm.  in  100  litres  of  nonnat  urine. 

StTsasbnrg's  Modification. — Dip  filter  jw per  into  the  urine,  to  which  a  little  cane-sugar  has 
been  added  ;  dry  the  pa|wr  and  apply  to  ii  a  drop  of  sulphuric  acid.  A  violet-red  colour  is 
obtained  after  a  short  time.  [Hay's  Reaction  (§  177).  Icteric  urine  precipitates  the  albomin 
in  a  solution  of  acid-albumin  (§  181  G.).] 

267.  SUGAE  IN  USIHE  (GLTGOSUEIA).— Diabetes  MeUitus.— The  exces. 
lively  niiiuite  trace  of  grape-sugar  or  dextrose,  which  is  constantly  present  in  normal 
urine,  sometimes  becomes  greatly  increa.seii  and  constitutes  the  conditions  of 
diabetes  mellitns  and  glycosuria.  The  jihysiological  conditions  which  determine 
this  re.sult  are  given  at  S  175.  In  this  condition,  the  quantity  of  uiine  is  greatly 
increased  ;  it  may  reach  10  or  more  litres.  Many  pints  may  l>e  j^assed  daily.  [The 
usual  ahnomial  amount  of  sugar  is  from  1  to  8  per  cent,  although  15  per  cent,  has 
been  f«>und,  i.e.,  from  5  to  50  grs.  j^er  fluid  oz.,  or  300  to  3000  gre.  in  twenty-four 
hours.]  The  specific  gravity  is  also  increased  (1030  to  1040).  [In  a  case  where 
a  lar^'c  amount  of  urine  is  passed  of  a  pale  colour  and  a  specific  gravity  above  1030, 
always  siisjiect  suf^r.]  A  diabetic  person  gives  ofl*  relatively  more  water  by  the 
kidneys  and  less  by  the  skin  (and  lungs  ?)  than  a  healthy  j^erson.  The  odloiir  is 
ver}'  jwle  yellow,  although  the  amount  of  pigment  is  by  no  means  diminished — it 
is  only  cliluted  [the  depth  of  the  colour  ])eing  inversely  as  the  quantity  passed! 
The  amount  of  the  nitrogenous  urinary  excreta  is  increai*ed.  The  sugar  is  increased 
by  a  dif*t  of  t^rlxjh  yd  rates  and  diminisheil  by  an  albuminous  diet  The  uric  acid 
and  o.xalate  of  lime  are  often  increased  at  the  commencement  of  the  disease,  while 
yeast  cells  are  constantly  present  after  the  urine  has  been  exposed  to  the  air  for 
some  time. 

[In  diabetes  insipidus  there  is  a  very  copious  secretion  of  watery  urine  without 
th*'  pres<.'nce  of  sugar.    It  may  Ik*  pro^iuced  exi>erimentally  by  injury  to  a  certain  |iart 
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of  the  Hour  uf  tlie  fourth  ventricle,  and  it  tK^curs  as  a  diseased  conditioji-  It  seerae 
to  depend  on  some  derangement  of  the  central  vjiso-motor  apparatus  of  the  kidney.] 

Sugar  has  been  Founil  oc^asionalfffli.c.^  transitory  glycOBUria]  after  i>oisonuig  with  or  after 
the  use  of  morpbia,  CO,  chWrulj  cjiloroforiii,  t'nrait^(fj  (jk  fj^n);  itltcr  Ihe  injeotiuji  of  etlii^r  and 
amy l-ui trite  into  the  blood;  and  in  gfliit^  intennitteiit  fevtjr,  choleia,  cerchro-spiual  meuiiigitiSj 
he  I  ►»  tic  eiiTho«is,  and  caiiike  and  pulmonary  iiirertiom. 

[There  is  no  doubt  thut  normal  liealthy  hunian  nsrine  noiitaius  one  or  more  I'eilncinj^  a;i;en(:8, 
which  reduce  tniprk  oxiiie  to  th«  same  extent  as  if  the  urine  on  an  average  eoiiLained  6  grains 
of  ^1a€0»e  in  every  10  fluid  ounces  of  iirinCj  or  I'^i  girms,  per  litr<*.  As  tbis  anl).^tance  does 
not  Q&usm  alcoholic  fennentation  fu  ita  sohition«,  its  idtnitity  with  ^lueos^j  ap|i-ears  to  be 
iloubtful.  The  most  aetive  roduciiirr  ag»'iit  i«  probably  kreaiiiiin  {Cf.  *y.  Jiihn^n).  But 
Kfhliis«^'8  sohitinn  is  also  reduced  by  uric  acid,  bipporicacid,  pyroeatechin,  ainl  i^lyciuonic  acid 
(p.  517)*  Tlie  only  way  to  distingninh  tbcse  from  dextrose  is  the  iVnnentationtest.  None  of 
tlif'ni  rcrmerit  iivith  yeast  to  yield  liTcobol  and  COj  ] 

Testa  for  sugar. — Any  of  tbe  te^Li  described  Ht  ^  lid  may  be  used,  hut  tbo  urini?  must  Imj 
free  from  ttlliumin*  The  «piaijtirative  estimntioti  by  fe.nneiitation  and  itie  tilration  niethoda 
Me  deAcrih^d  in  §  149.  I  Tbe  testa  for  grajio-Ru^ir  descnbed  in  §  149  are  (1)  Tromuier's ;  (2) 
Feblinti'8  ;  (3)  Moure  k  iftller  s  ;  (4)  Iinitger*»  ;  (r>)  Mulder  k  Neubauers  ;  (6)  Fermentatitiij 
te«t ;  (7)  MoliHi  b'fi  te,st,] 

8,  Wonn-MUller  recoHimemls  thft  following  mmlitir'iatioii  of  Fehlinff's  tent: — Use  a  2 "5  per 
cent,  solution  nf  cupric  sulphate  solution,  nnJ  Jinotbcr  of  10  pm  t^  of  sotlio-potassic  Tartrate  in 
100  parts  of  4  per  cent,  fsolution  of  soda.  Boil  5  c.cin.  of  urine  in  a  test-tiihe,  while  in  a  sucond 
tent- tube  is  b^^ded  1  to  3  t.Lun.  of  tbe  cop|>cr  solution  and  2'5  t\cni*of  tbo  i>otai*«ic-ti«rtrate 
fiohitioiK  The  boiling  of  both  fhiids  is  stopped  simultarieoiisly^  and  after  20  to  25  seconds  the 
contents  of  one  test-tube  are  added  to  those  of  the  other,  but  vvitbout  iibiiking  the  mixture,  the 
redui^tion  tnkin^j  place  spontautxmsly. 

9,  Ny lander' a  modiljiati^m  c^f  Bottler's  teat  is  also  good  (§  149). 

[10.  Picrie  Acid  &nd  Potash  Test.— Ikaun  showed  that  gra]K»-sugai\  wlien  boiled  with  picric 
acid  and  potash,  rcdut  es  Ihe  yellow  picric  acid  to  tbe  deep  red  picramie  acid,  tbe  de|ith  of  the 
colour  detHjndirj;^  on  the  >irnouiit  of  sugar  preneut,  Dr  Johnson  uses  this  test  for  detecting  the 
prehence  of  KU<;ar  iii  urine,  and  alwri  for  estimatiug  tlie  amount  of  sujfar  present^  tbe  depth  of  tbe 
red  colour  obtained  on  boiling'  lieing  corai>arrd  witb  a  stnndard  diluiiou  of  ferric  acetate,  lu 
ilmnti  the  test,  use  1  drjicbm  of  nrine,  ^  a  drachm  f>r  liquor  pntaHSiv,  nud  10  minims  of  picric 
acid  solution  ;  make  up  to  2  drachms  with  disti]led  water,  and  boil  the  mixture  for  one  minute. 
Tbis  test  indicates  the  presence  of  0  6  gi-aiii  of  sugar  |ier  fluid  ounce  of  normal  urine.  Dr 
JobuHon  claims  for  tbi«j  teat  that  it  |K)s.sesses  all  the  advantaiifes  of  the  other  tests,  while  it  is 
not  alfected  by  uric  ueid  or  au}*^  other  normal  ingredient  of  urine  ;  neither  does  tbe  presence  of 
albumin  inlciferc  with  tlie  action  of  the  lest  as  it  does  with  all  the  forms  of  copper  testing.] 

[Ih  Indigo-cannine  Test. —A  blue  solution  of 
this  »nbstan''e,  when  hoiltMl  with  diabetic  iiritit* 
containing  sodic  carbonate,  <:bange'j  from  a  bhie  to 
a  violet,  purple,  red,  yellow,  and  finally,  straw- 
yellitw  colour.  After  coohtig  antl  ex^fosure  to  the 
air,  the  v.irions  ctdonrs  are  obtained  m  the  r«?v<nR< 
oi-der  until  the  mixture  U  eon  us  blue  again.  Dr 
Oliver  us«^a  this  tent  in  the  f<>rm  of  t««t'pap6rB. 
One  bibulous  paper  is  impregfmted  with  the  indigo- 
carmine  and  tiie  other  with  sodic  carbonate.  Dr*ip 
one  of  the  te^t-pujiors  and  a  sodic  carbonate  paper 
into  a  test-tube  rontaining  1^  inch  of  water,  beat 
gently,  when  a  blue  solution  is  obtwiucd.  Add  the  , 
urine  slow  I V,  one  drop  at  a  time,  and  boil  thev 
mixture,  obseri'ing  any  change  of  colour  by  holdingi 
the  tube  against  a  white  surface  below  the  level  of  , 
tlie  eye.  Uric  acid  and  urates,  which  reduce  Feh-| 
ling's  yolntion,  do  not  alfect  tbe  carmiju'  test,  nor 
do«^s  krcatiuiUj  although  it  reacts  with  the  picric 
acid  test.l 

[12.  P  heny  1-h  ydraasin  Test.  —  1 1  d  e  iw  nda  o  n  th  e 
fact  that  glucose  forms  with  pbenyhhydraziit  a 
clnimct«ristie  body,  phenyl -gmcoaazon,  which 
takes  the  fonu  of  yellow  needles,  and  i^  but  little 
sotu'de  in   water.     Two  parts  of   pbenyhbydraziii 

chlori'le  and  three  of  s*>dic  acetate  arc  placed  toj^etlier  in  a  test-tub*  containing  6-^  d.c,  unne» 
and  tho  te»t-tube  la  placed  for  20^30  minutes  in  boiling  water.  After  this  tbe  tube  i«  put  into 
a  V^essel  containing  cold  water.     If  sugar  be  formed,  a  yellow  deposit  separate*,  which,  when 


^^y 


^i^M- 


Fig.  325. 

PbenyhglucosFizon  crystals  fmm  mine  con- 
taining sugar. 
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examined  with  the  microscone,  i.s  seen  to  consist  of  crystals  of  plienyl-glucosazon,  either  dctnched 
or  arranged  in  clusters  (fig.  325).  The  substance  melts  nt  205''  C.  Albumin,  if  present,  should 
be  got  rid  of  previously. 

[Qoantitstive  Eetimatioii  of  Sugar.— (a)  Fermentation  Test  (§  150).  Take  4  oz.  (120  c.c) 
of  the  urine  ;  add  a  lump  of  German  ycost,  about  the  size  of  a  walnut,  lightly  cork  the  bottle, 
and  place  it  aside  for  twenty-four  hours  in  a  moderately  wai-m  place,  e.g.,  on  the  mantelpiece. 
Take  the  specific  gravity  before  and  after  the  fermentation.  Thus,  if  the  specific  gravity  be 
1038  before  and  1013  afterwards,  the  diflerencc  or  "density  lost"  is  25,  which  gives  25  grs.  of 
sugar  per  fluid  oz.  (Hoberls).  If  it  be  desired  to  get  the  percentage,  multii)ly  the  density  lost  by 
0-23,  thus  25x0-23  =  5-69  in  100  parts.] 

[{b)  Volumetric  Analysis  of  Sugar. — 10  c.c.  of  Fehling*s  solution  —  '05  gram  of  sugar. 

1.  Ascertain  the  quantity  of  urine  passed  in  twenty-four  hours.  2.  Filter  the  urine,  and 
remove  any  albumin  present  by  boiling  and  filtration.  3.  Dilute  10  c.c.  of  Fehling's  solution 
with  about  twenty  times  its  volume  of  distilled  water,  and  place  it  in  a  white  porcelain  capsule 
on  a  wire  gauze  support  under  a  burette.  (It  is  diluted  because  any  change  of  colour  is  more 
easily  observed. )  4.  Take  5  c.c.  of  the  urine,  and  95  c.c.  of  distilled  water,  and  place  the  diluted 
urine  in  a  burette.  5.  Gradually  boil  the  diluted  Fehling's  solution,  and  whilst  it  is  boiling 
gradually  add  the  diluted  urine  from  the  burette,  until  all  the  cuprous  oxide  is  precipitated  as 
a  reddish  powder,  and  the  suj>ernatunt  fluid  has  a  straw-yellow  colour,  not  a  trace  of  blue  re- 
maining. Read  off  the  number  of  c.c.  of  dilute  urine  employed.  Say  36  c.c.  were  used — that, 
of  course,  represents  1*8  c.c.  of  the  original  urine.  Suppose  the  patient  passes  1550  c.c; 
as  1*8  c.c.  of  urine  reduced  all  the  cupric  oxide  in  the  10  c.c.  of  Fehling's  solution,  it  must 
contain  '05  gram  sugar,  hence, 

1-8  :  1550  : :  -05  :   i5^5A^«237*5  grams  of  sugar  passed  in  24  hours.] 
1*8 

[Preparation  of  Fehling^s  Solution.— 34*64  grams  of  pure  crystalline  cupric  sulphate  are 
powdered  and  dissolved  in  200  c.c.  of  distilled  water;  m  another  vessel 
dissolve  173  grams  of  Rochelle  salts  in  480  c.c.  of  pure  caustic  soda,  specific 
gravity  1*14.  Mix  the  two  solutions,  and  dilute  the  deep-colourea  fluid 
which  results  to  1  litre.  N.B. — Fehling's  solution  ought  not  to  be  kept 
too  long ;  it  is  apt  to  decompose,  and  should  therefore  be  pi-eserved  from 
the  light,  or  protected  with  opaque  paper  pasted  on  the  bottle.  Some 
other  substances  in  urine,  e.gr.,  urates  and  unc  acid,  reduce  cupric  oxide.] 

rJU  (c)  According  to  Worm-Miiller,  the  polarization  method  is  almost  value- 

fltl  less  for  diabetic  urine, 

u  [Picro-Saccharimeter.— G.  Johnson  uses  a  stoppered  bottle  12  inches 

I  long  and  f  inch  wide,  gi-aduated  in  ^^ths  and  Tiu^^s  (fig.  326).     To  it  is 

*'  fixed  a  shorter  Iwttle  containing  the  standard  iron -solution  for  comparison, 

a  standard  solution,  comi)<)sed  of  liquor  fern  perchloride  3j.  li<l-  snimon. 
acetatis  3iv,  glacial  acetic  acid  3i^)  li<^)>  ammonias  3^  ^^^  water  to  make 
up  '^iv.  All  B.P.  preparations  give  a  colour  identical  with  a  solution 
containing  1  gr.  of  grape-sugar  per  oz.,  reduced  by  picric  acid  and  after- 
wards diluted  four  times,  so  that  this  tint  —^^  ^r.  of  sugar  per  oz.  After 
reducing  the  sugar  with  the  picric  acid,  pour  mto  the  tall  tube  the  dark 
saccharine  lituiia  produced  by  boiling  to  occupy  ten  divisions  of  the  tube, 
and  add  distilled  water  cautionsly  until  the  colour  ap])roaches  that  of  the 
standard  ;  read  oflT  the  level  of  the  fluid.  The  amount  of  sugar  present  is 
determined  from  the  amount  of  water  added.  In  making  the  test,  the 
picric  acid  must  be  added  in  proportion  to  the  amount  of  sugar  pi*esent.] 

If  large  quantities  of  dextrose  are  taken  in  the  food,  a  part  of  it  (and 
more  in  diabetic  i)ei-8ons)  appears  in  the  urine.  Ltevulose,  when  taken 
internally,  does  not  increase  the  amount  of  sugar  in  diabetes.  The  free 
use  of  starch  does  not  cause  glycosuria  in  health,  but  in  diabetes  it  in- 
creases the  amount  of  sugar.  A  large  consumption  of  cane-  or  milk-sugar 
causes  the  passage  of  small  quantities  of  both  of  these  sugars  into  the  urine 
in  health,  while  in  diabetes  the  amount  of  dextrose  is  increased  ( Warm- 
Mailer).  According  to  Kiilz,  in  diabetic  i)erKons  cane-sugar  splits  up  into 
grape-  and  fruit-sugar,  the  latter  being  used  up  in  the  body,  and  the  former 
partly  excreted  ;  and  the  same  is  the  case  with  milk-sugar. 

In  s<*veie  cases  of  dial^etes  mellitus,  Kiilz  found  the  left-rotatory  /9-ozy- 
butyric  acid  (the  next  highest  analogue  of  lactic  acid)  in  the  urine,  from 

~  175),  which  in  its  turn  readily 
".  in  urine  by  th«  removal 
oxybutyric  acid    in  the  urine  in  diabetes  {Stadelmann). 
The  adpifi^istratiou  of  aceton  causes  albumiiiuria,  and  this  may  in  part  explain  in  some  cases 
the  complication  of  albuminuria  in  diabetes  {Albert<yni  and  Pisenti). 


Fig.  326. 


T,.        ^*  ,     .*     .      which  acetic  acid  is  formed  by  oxidation  (§  175),  wh 
P.cio.8acol.an.ncter  yj^,^,^  c<>.  an.l  acetnu.     ..crotonic  aci.I  is  formed  ii 
01  u,  jonnson.      ^^  ^^^^^.  ^^^^^^  oxybutvric  acid   in  the  urine  in  < 
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[Olyoiuonio  acid(CeHio07)  occurs  in  such  excessively  small  quantities  in  noi*mal  urine 
that  it  may  be  regarded  as  absent.  It  is  the  substance  which  above  all  others  is  most  liable  to 
be  mistaken  for  sugar  (p.  515).  The  other  substances  mentioned  on  p.  515  which  reduce 
Fehling's  solution,  do  so  only  to  a  small  extent,  but  glycuronic  acid  does  so  like  dextrose.  It 
occurs  in  the  urine  in  large  amount  after  the  administration  of  chloroform,  chloral,  butyl- 
chloral,  curare,  and  morphia.  It,  however,  does  not  undergo  the  alcoholic  fermentation. 
Ashdown  has  recorded  a  case  in  which  it  appeared  in  the  urine  without  any  drugs  being 
administered.] 

Aceton  [C^iifi]  or  Accton-yielding  substance,  probably  aceto-acetic  acid,  is  sometimes  found 
in  diabetic  urine.  It  has  a  peculiar  vinous  odour,  and  it  has  been  detected  in  the  urine  during 
fever.  Gerhardt  described  a  peculiar  substance  in  diabetic  urine,  which  gave  a  deep  red  colour 
with  perchloride  of  iron.  This  substance  is  probably  ethyl-diacetic  ether  [CqHiqOJ,  and  he 
considered  it  to  be  the  source  of  aceton  ;  but  it  is  more  probably  derived  from  aceto-acetic  acid. 
[This  substance  has  been  confounded  with  aceton,  but  the  iron  test  distinguishes  them.] 
Tests  for  Aceton. — (1)  Perchloride  of  iron  «  Burgundy -red  colour  ;  but  this  is  not  reliable.  (2) 
Lieben  suggested  an  iodoform  test  Dissolve  20  grains  of  KI  in  a  fluid  drachm  of  liq.  potasste, 
and  boil  the  fluid.  Pour  the  suspected  urine  on  the  surface,  when  a  ring  of  phosphates  is 
deposited  from  the  urine  by  the  hot  alkaline  solution.  If  aceton  be  present  after  a  time  the 
deposit  becomes  yellow,  ana  yellow  granules  of  iodoform  appear  and  sink  to  the  bottom  of  the 
test-tube.  The  only  otber  substance  which  may  be  met  with  in  the  urine  giving  this  reaction 
is  lactic  acid. 

Milk-sugar  is  sometimes  found  in  the  urine  of  women  who  are  nursing  ;  when  the  secretion 
of  milk  Is  arrested,  absorption  taking  place  from  the  breasts  [Kirstciiy  Spicgelherg).  Lteyuloee 
is  sometimes  found  in  diabetic  urine  (§  252). 

Dextrin  has  also  been  found  in  diabetic  urine.  Inoeit,  or  muBcle-sugar  (§  252),  is  sometimes 
found  in  diabetes,  in  polyuria,  and  albuminuria.  It 
is  found  in  traces  even  in  normal  urine.  Occa- 
sionally, after  the  piqure  in  animals  (§  175), 
inosit,  instead  of  grape-su^r,  appears  in  the  urine 
(fig.  327).  In  testing  for  inosit,  remove  the  grape- 
sugar  by  fermentation,  and  the  albumin  by  heat 
after  the  addition  of  a  few  drops  of  acetic  acid 
and  sodic  sulphate.  Some  of  the  filtrate  is  eva- 
porated nearly  to  dryness  on  a  capsule.  To  the 
residue  add  two  droi)s  of  mercuric  nitrate  (Liebig's 
titration  fluid  for  urea),  which  gives  a  yellow 
precipitate.  When  this  coloured  residue  is  spread 
out  and  carefully  heated,  a  dark  i-ed  colour,  which 
disappears  on  cooliog  is  obtained  {GalloiSy  Kiih), 
Inosit  gives  a  green  when  boiled  with  Fehling's 
.solution.  ] 

[Diazo-reaction  or  Ehrlich^s  reaction.  —  This 
reaction  is  never  given  by  normal  urine,  but  it  is 
given  by  the  urine  in  typhoid  fever  {Rutimeyer\ 
acute  tuberculosis,  &c.  Its  exact  clinical  signifi- 
cance is  unknown.  Two  solutions  are  required— (1) 
a  concentrated  solution  of  sulphanilic  acid,  and  (2) 
a  solution  of  sodium  nitrate  (1  in  200).  200  c.c. 
of  (1)  are  mixed  with  10  c.c.  of  pure  HCl  and  6  cc. 
of  (2).  Mix  equal  quantities  of  this  mixture  and  urine  rendered  strongly  alkaline  with 
ammonia  ;  a  bright  carmine  red  constitutes  the  reaction.  After  standing  24-36  hours  a  deposit, 
green  or  bluek,  on  its  upper  surface  occurs.] 

268.  CYSTIH  =  CgHi2H2S204— This  left^rotatory  l>ody  occui-a  very  seldom  in 
large  amount  in  urine,  (Uthough  it  seems  to  be  a  constituent  of  normal  urine.  It 
may  be  in  solution  or  in  the  form  of  hexagonal  crystals  (fig.  328,  A)  [the  latter 
only  in  acid  urine].  It  is  insoluble  in  water,  alcohol,  and  ether,  but  easily  soluble 
in  ammonia,  from  which  solution  it  may  be  crystallised.  According  to  Baumann 
and  Preusse,  there  are  intermediate  products  of  the  metabolism,  from  which  are 
furnished  the  materials  necessary  for  the  fonnation  of  cystin.  During  normal 
metabolism  these  materials  undergo  further  changes,  and  the  sulphur  appears 
oxidised  in  the  urine  as  sulphuric  acid.  In  rare  cases  these  oxidations  do  not 
take  place,  and  then  the  sulphur  appears  in  the  cystin  of  the  urine  {StatWiogen). 
Cystin  is  increased  in  phosphonis-poisoning  (Baumann). 


Fig.  3-27. 

Inosit  crystallised  partly  from  alcohol  and 
partly  from  water. 


Si8 


LEUCIN  AND  TYROSIN   IN   URINE. 


[Sec.  269. 


269.  LEUCIN  =  CcHjgHOg.  TYEOSIN  =  Cj^H^^HOg.— Both  bodies  occur  in  the 
urine  in  acute  yellow  atrophy  of  the  liver,  and  in  poisoning  by  phosphorus. 
(Their  formation  during  pancreatic  digestion  has  been  referred  to  m  §  170,  II.) 
As  the  urea  excreted  is  usually  diminished  at  the  same  time,  it  is  assumed  that,  in 
these  diseases,  the  further  oxidation  of  the  derivatives  of  the  proteids  is  interfered 
with.  Leucin,  which  is  either  precipitated  spontaneously  or  obtained  after 
evaporating  an  alcoholic  extract  of  the  concentrated  urine,  occurs  in  the  form  of 
yellowish-brown  balls  (fig.  329,  o,  a),  often  with  concentric  markings,  or  with 
fine  spines  on  their  surface.     When  heated  it  sublimes  without  fusing. 

Tyrosin  forms  silky  colourless  sheaves  of  needles  (fig.  329,  b,  h).  When 
boiled  with  mercuric  nitrate  and  nitric  acid  it  gives  a  red  colour,  and  afterwards  a 


Fig.  328. 

A  J  crystals  of  cystin  ;  B,  oxalate  of  lime  ; 
c,  hour-glass  forms  of  B. 


a,  a,  leucin  balls  ;  by  by  tyrosin  nheayes ; 
Cy  double  balls  of  ammonium  nrate. 


brownish-red  precipitate.  Firia's  Test. — When  slightly  heated  with  a  few  drops 
of  concentrated  sulphuric  acid,  it  dissolves  with  a  temporary  deep  red  colour.  On 
diluting  with  water,  adding  barium  carbonate  until  it  is  neutralised,  boiling, 
filtering,  and  adding  dilute  ferric  chloride,  a  violet  colour  is  obtained  (JFVrta, 
Siddeler), 

270.  DEPOSITS  IN  URINE. — Deposits  may  occur  in  normal  and  in  patho- 
logical urine,  and  they  may  be  either  "organised"  or  "unorganised." 

I.  Organised  BepoeitB. 

A.  Blood  :  red  aud  Aviiitc  blood-corpuscles  and  sometimes  iibrin  (figs.  320-322). 

B.  Fufl,  in  greater  or  less  amount  in  catarrh  or  inflammation  of  the  urinary  passages.  Pus 
cells  exactly  resemble  colourless  blood -corpustles  (fiffs.  14,  323).  Donne's  Test. — Pour  off  the 
supernatant  fluid  and  add  a  piece  of  caustic  pot»sn  to  the  deposit ;  if  it  be  pus  it  becomes 
gelatinous,  ropy,  and  more  viscid  (alkali-albuminate).  Mucub,  when  so  acted  on,  becomes 
more  fluiil  and  mixed  with  flocculi. 

0.  Epithelium  of  various  forms  occurs,  but  it  is  not  always  i>ossible  to  say  whence  it  is 
derived. 

D.  Spermatozoa  may  be  present. 

E.  Lower organisma  occur  in  the  urinary  passages  very  seldom,  but  they  may  be  present,  e.g., 
in  the  bladder,  when  gemis  are  introduced  from  without  by  means  of  a  dirty  caiheter.  [Before 
introducing  a  catheter  into  the  bladder  one  ought  always  to  make  sure  that  the  instrument  is 
perfectly  aseptic]  Alicrococci  are  found  in  the  urine  in  certain  diseases,  e.g.,  diphtheria.  The 
foUowiug  forms  are  distinguished  : — 


Sec.  270.] 


DEPOSITS  IN  URINE. 


519 


1.  SchizomyoeteB  (§  184).  NarmcU  human  urine  contains  neither  schizomvcetps  nor  their 
spores.  In  pathological  conditions,  however,  fungi  may  pass  from  the  blood  into  the  urinary 
tubules  and  thus  reach  the  urine  {Leube).  Daring  the  alkaline  fermentation  of  urine,  micro- 
oooci,  rod-shaped  bacteria  or  bacilli  (fig.  .S30)  appear.     Sarcinn  belong  to  the  group  (§  186). 

2.  Saccharomycetes  (fermentation  fungi) :  (a)  The  fungus  of  the  acid  urine  fermentation  (S. 
urinai)  consists  of  small  bladder-like  cells  arranged 
either  in  chains  or  in  groups  (figs.  316,  a  ;  330, 
/).  {b)  Yeant  (S.  fermentum)  occurs  in  dial>etic 
urine,  as  oval  cells  with  a  dotted  eccentrically- 
placed  nucleus  (fig.  292). 

3.  Phytomycetos  (moulds)  occur  in  putrid  urine 
(fifi^  330,  e).  They  are  without  clinical  significance. 

Jr.  Tube  casta. — The  occurrence  of  tube  casts, 
i.e.,  casts  of  the  uriniferous  tubules  {Henh^ 
1837),  is  of  great  importance  in  the  diagnosis  of 
renal  diseases.  If  these  structures  are  relatively 
thick  and  straight,  they  probably  come  from  the 
collecting  tubules,  but  if  they  are  smaller  and 
twiiited,  they  ])robably  come  from  the  convol- 
uted tubules.  There  are  various  forms  of  tube 
casts  : — 1.  Epithelial  casta,  consisting  of  the  actual  cells  of  the  uriniferous  tubules.  They 
indicate  that  there  is  no  very  great  change  going  on,  but  only  that,  as  in  catarrhal  inflammation 
of  any  mucous  membrane,  the  epithelium  is  in  process  of  desquamation.  2.  Hyaline  casts  (fig. 
337)  are  ouite  clear  and  homogeneous,  usually  long  and  small  ;  sometimes  thev  are  '*  finely 
granular,  from  the  presence  of  fat  or  other  particles.  They  are  best  seen  after  the  addition  of 
a  solution  of  iodine.  They  are  probably  formed  from  albumin,  which  passes  into  the  uriniferous 
tubules.  They  are  dissolved  in  alkaline  urine,  while  acid  urine  favours  their  for- 
mation. They  usually  occur  in  the  late  stashes  of  renal  disease,  after  the  tubular 
epithelium  has  been  shed.  3.  CkMjrsely  granular  casts  (fig.  336)  are  brownish- 
yellow,  opaque,  and  granular,  usiuiUy  broader  tfian  2.  There  are  various  forms. 
Not  unfrequcntly  there  are  fatty  granules,  and,  it  may  be,  epithelial  cells 
in  them.  4.  Amyloid  casts  occur  in  amyloid  degeneration  of  the  kidneys 
(fig.  337).     They  are  refractive  and  completely  homogeneous,  and  give  a 


Fig.  330. 

Fungi  in  urine.   «,  mould  ;  /,  yeast ;  d,  g, 
micrococci  and  bacilli ;  a,  b,  e,  uric  acid. 


Fig.  331.  Fig.  332.  Fig.  333.  Fig.  334.  Fig.  335. 

Fig.  331.— Epithelial  casts.     Fig.  332.— Fdood  cast.     Fig.  333.— leucocyte  cast.     Fig.  334.— 
Acid  sodic  urate  in  cylinders.     Fig.  335.  —Finely  granular  cast. 

blue  colour  (amyloid  reaction)  with  sulphuric  acid  and  iodine.  5.  Blood  casts  occur  in 
capillary  hteiiiorrhage  of  the  kidney,  and  consist  of  coagulated  blood  entangling  blood-corpuscles 
(fig.  332).     When  tube  casts  are  present,  the  urine  is  always  albumiruMs. 

Leucocyte  casts  occur  in  suppurating  conditions  of  the  urinary  tubules  (fig.  337).    The  urates 
in  the  fonn  of  casts  (fig.  334)  are  without  significance. 

11.  Unorganised  Deposits. 

Some  of  these  are  crystalline  and  others  are  amorphous,  and  they  have  been  referred  to  in 
treating  of  the  urinary  constituents. 

271.    SCHEME   FOE   DETECTING  UMNAEY  DEPOSITS.— I.   In  add 
urine  there  may  occur — 

1.  An  amorphous  granular  deposit  : 
(a)  Which  is  dissolved  by  heat  and  reappears  in  the  cold  ;  the  de|>osit  is  often  reddish  in 
colour  »  mates  (fig.  316). 
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{b)  Which  is  not  dissolved  by  heat  bat  is  dissolved  by  acetic  acid,  bnt  without  efferres- 
cence  «  pmbably  tribasio  calcic  phosphate. 

(c)  Small  bright  refractive  granules,  soluble  in  etlicr-fat  or  oil  granules  (§41),  (IJpttmia). 
Fat  occurs  in  the  urine,  especially  when  the  round  worm,  Filaria  siingiiinis  hotniDiSy 
is  present  in  the  blood  ;  sometimes,  along  with  sugar,  in  phthisis,  poisoning  with 
phos])horus,  yellow  fever,  pyaemia,  after  long-cimtinued  snppuration,  and  lastly,  afto* 
the  injection  of  fat  or  milk  into  the  blood  (§  102).  It  occurs  also  in  fatty  degenera- 
tion of  the  nrinary  apparatus,  admixture  with  pus  from  old  alwcesses,  and  after  seTere 
injuries  to  boncsT  in  these  cases  attention  ought  to  be  directed  to  the  presence  of 
cholesterin  and  lecithin.  Very  rarely  is  the  fat  present  in  such  amount  in  the  arine 
as  to  form  a  cream  on  the  surface  (chylnria). 


Fig.  836. 


Fig.  338. 


Fig.  337.  Fig.  ^39.  Fig.  840. 

Fig.  336.— Coarsely  granular  casts.  Fig.  337.— Hyaline  casts,  a;  b,  with  leucocytes;  c,  with 
renal  epithelium.  Fig.  338.  —a,  Granules  of  calcic  carbonate  of  lime ;  6,  c,  crystalline  nentral 
calcic  pliosi)hate.  Fig.  339. — Amnionio-magnesic  phosphate  or  triple  phosphate.  Fig. 
340.— Imperfect  and  feathery  foiins  of  the  same. 

2.  A  crystalline  deposit  may  be — 
(tt)  Uric  acid  (fi;r.  312). 
{b)  Calcium  oxalate  (Hg.  314)— octahcdra  insoluble  in  acetic  acid. 

(c)  Cystin  (fig.  328). 

(d)  Leudn  and  typoein— very  rare  (fig.  329). 

II.  In  alkaline  urine  there  may  occur — 

1.  A  eomplefdy  amorphous  granular  deposit,  soluble  in  acids  without  effervescence ^tribaaie 

calcium  phosphate. 

2.  Sediment  crystalline,  or  imth  a  cliaracteristic  fonn. 

(a)  Triple  phosphate  (figs.  339,  34o),  soluble  at  once  in  acids. 

(6)  Acid  ammonium  urate- dark  yellowish  small  balls,  often  Wset  with  spines,  also  amor- 
phous (fig.  341). 

(c)  Calcium  carbonate— small  whitish  balls  or  biscuit-shape4l  bodies.  Acids  dissolve  them 
with  effervescence  (fig.  888). 
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{d)  Lencin  and  tyrodn  (fig.  329) — very  rare. 

{e)  Neutral  calcic  phosphate  and  long  plates  of  tribasic  magnesic  phosphate  (fig.  342). 
Organifled  depoeitB  may  occur  both  in  alkaline  and  in  acid  urine  ;  pus-cells  are  more  abundant 
in  alkaline  urine,  and  so  are  the  lower  vegetable  organisms. 

272.  UBINABT  CALGULL — Urinary  concretions  may  occur  in  granules  thb 
size  of  sand,  or  in  masses  as  large  as  the  fist.  According  to  their  size  they  are 
spoken  of  as  sand,  gravel,  stone,  or  calculi  They  occur  in  the  pelvis  of  the 
kidney,  ureters,  bladder,  and  sinus  prostaticus. 

We  may  classify  them  as  follows  {Ultzmann) : — 

1.  Calculi,  whose  nucleus  consists  of  the  Medimentarv  deposits  that  occur  in  acid  arine 
(primary  formation  of  calculi).  They  are  all  formed  in  the  kidney,  and  pass  into  the  bladder, 
where  they  enlarge  by  the  deposition  of  matter  on  their  surface. 

2.  Calculi,  which  are  either  sedimentary  forms  from  alkaline  urine,  or  whose  nucleus  consists 
of  a  foreign  body  (secondary  formation  of  calculi).     They  are  formed  in  the  bladder. 

The  primary  formation  of  calculi  begins  with  free  uric  acid  in  the 
form  of  sheaves  (fig.  312),  which  form  a  nucleus,  with  concentric  layers 
.of  oxalate  of  lime.  The  aecondary  formation  occurs  in  neutral  urine 
by  the  deposition  of  calcic  carbonate  and  crystalline  calcic  phosphate  ; 
in  alkaline  urine,  by  the  deposition  of  acid  ammonium  urat«,  triple 
phosphate,  and  amorphous  calcic  phosphate. 

Chemical  Inyeetigation. — Scra))e  tiie  calculus,  bum  the  scrapings 
on  platinum  foil  to  ascertain  if  they  are  burned  or  not. 

I.  Combustible  concretions  can  consist  only  of  organic  substances. 

(a)  Apply  the  murexide  test  (§  259,  2),  and,  if  it  succeeds,  uric  acid 
is  present.  Uric  acid  calculi  are  very  common,  often  of  considerable 
size,  smooth,  fairly  hard,  and  yellow  to  reddish-brown  in  colour. 

{b)  If  another  jwrtion,  on  being  boiled  with  caustic  potash,  gives 
the  odour  of  ammonia  (or  when  the  vapour  makes  damp  turmeric  paper 
brown,  or  if  a  glass  rod  dipjxjd  in  HCl  and  held  over  it  gives  white 
fumes  of  ammonium  chloricle),  the  concretion  contains  ammonium  „.     ^  - 

urate.     If  b  gives  no  result,  pure  uric  acid  is  present.     Calculi  of  ^^' 

ammonium  urate  are  rare,  usually  small,  of  an  eartny  consistence,  i.e.y  Acid  ammonium  urate, 
soft  and  pale  yellow  or  whitish  in  colour. 

(c)  If  the  xanthin  reaction  succeeds  (§  260),  this  substance  is  present  (rare).  Indigo  has  been 
found  on  one  occasion  in  a  calculus  {Onl). 

{d)  If,  after  solution  in  ammonia,  hexagonal  plates  (figs.  328,  A)  are  found,  cystin  is  present. 

(e)  Concretions  of  coagulated  blood  or  librin,  without  any  crystals,  are  rare.     When  bm-ued 
they  give  the  odour  of  singed  hair.     They  are  insoluble  in 
water,  alcohol,  and  ether ;  but  are  soluble  in  caustic  |)otash,       ^S^) 
and  are  precipitated  therefrom  by  acids.  ^■^"1^ 

{/)  Urostealith  is  applied  to  a  caoutchouc-like  soft  elastic         /?^Ji 
substance,  and  is  very  rare.     When  dry  it  is  brittle  and  hard,    ^  CLv^f 
brown  or  black.     When  warm  it  softens,  and  if  more  heat  be 
applied  it  melts.     It  is  soluble  in  ether,  and  the  residue 
aft«*r  evaporation   becomes  violet  on  being  heated..      It  is 
soluble  in  warm  caustic  potash,  with  the  formation  of  a  soa]). 

n.  If  the  concretions  are  only  partly  combuBtible,  thus  Fig.  342. 

leaving  a  residue,  they  contain  organic  and  inoiganic  con-        g^j^,  magnesic  i)hosphate. 
stituentfi.  ^  * 

(a)  Pulverise  a  part  of  the  stone,  boil  it  in  water,  and  filter  while  hot.  The  urates  are  dis- 
solve. To  test  if  the  uric  acid  is  united  with  soda,  potash,  lime,  or  magnesia,  the  filtrate  is 
evaporated  and  burned.  The  ash  is  investigated  with  the  spectroscoi>e  (§14),  when  the  char- 
acteristic bands  of  sodium  or  potash  are  observed.  Magnesic  urate  and  calcic  urate  are  changed 
into  carbonate  by  burning.  To  separate  them,  dissolve  the  ash  in  dilute  hydrochloric  acid,  and 
filter.  The  filtrate  is  neutralised  with  ammonia,  and  again  rcdissolved  by  a  few  droi)s  of  acetic 
acid.  The  addition  of  ammonium  oxalate  precipitates  calcic  oxalate.  Filter,  and  add  to  the 
filtrate  sodic  phosphate  and  ammonia,  when  the  magnesia  is  precipitated  as  ammonio-magneslc 
phosphate. 

(6)  Calcic  ozaUtte  (especially  in  children,  either  as  small  smooth  pale  stones,  or  in  dark, 
warty,  hard  "mulbenry  calcuu")  is  not  affected  by  acetic  acid,  is  dissolved  by  mineral  acids 
without  effervescence,  and  again  i)recipiJated  by  ammonia.  Heated  on  platinum  foils  it  chars 
and  blackens,  then  it  becomes  white,  owing  to  the  formation  of  calcic  carbonate,  which  effer- 
vesces on  the  addition  of  an  acid. 

(c)  Caldc  carbonate  (chiefly  in  whitish-grey,   earthy,   chalk-like  calculi,  somewhat  rai*e, 
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dissolves  with  effervescence  in  liydrocliloric  acid.     When  burned  it  first  becomes  black,  owing 
to  admixture  with  mucus,  and  tlien  white. 

(d)  Ammonio-magnesio  pboephate  and  basic  calcic  phosphate  usually  occur  together  in  soft, 
white,  earthy  stoneH,  which  occasionally  are  very  large.  These  stones  »<how  that  the  urine  has 
been  ammoniacal  for  a  very  long  time.  The  firat  substance  when  heated  gives  the  odour  of 
ammonia,  which  is  more  distinct  when  heateii  wiih  caustic  itota^h  ;  is  soluble  in  acetic  acid 
without  ftfervescence,  and  is  again  precipitated  in  a  crystalline  form  from  this  solution  on  the 
addition  of  ammonia.  When  heated  it  fuses  into  a  white  ennmel-likc  mass  ;  [hence,  it  is  called 
''fusible  calculus"].  Basic  calcic  phosphate  does  not  ctfervesce  with  acids.  The  solution  in 
hydrochloric  acid  is  precipitated  by  ammonia.  When  ammonium  oxalate  is  added  to  the  acetic 
acid  solution,  it  yields  calcic  oxnlute. 

(c)  Neutral  calcic  phosphate  is  rare  in  calculi,  while  it  is  frequent  in  the  form  of  Kravel. 
PhysicHlly  and  chemically,  these  concretions  resemble  the  earthy  phosphates,  only  they  do  not 
contain  magnesia. 

273.  THE  SECRETION  OF  URINE.— [The  functions  of  the  kidney  are— 

1.  To  (jxcrete  waste  pixxlucts,  chiefly  nitrogenous  bodies  and  salts  ; 

2.  To  excrete  water  ; 

3.  And  perliai)s  also  to  reabsorb  water  from  the  uriniferous  tubules,  after 

it  has  washed  out  the  waste  products  from  the  renal  epithelium. 

The  chief  ])artsof  the  organs  concerned  in  1,  are  the  epithelial  cells  of  the  con- 
voluted tubules  ;  the  glomeruli  permit  water  and  some  solids  to  pass  through  them, 
while  the  constrictions  of  the  tubules  may  prevent  the  too  rapid  outflow  of  water, 
and  thus  enable  part  of  it  to  be  reabsorbed.] 

Theories. — The  two  chief  older  theories  regarding  the  secretion  of  urine  are  the 
following:  1.  According  to  Bowman  (1842),  through  the  glomeruli  are  filtered 
only  the  water  and  some  of  the  highly  diff'usible  and  soluble  stdts  present  in  the 
blood,  while  the  specific  urinary  constituents  are  secreted  by  the  activity  of  the 
epithelium  of  the  urinary  tubules,  and  are  extracted  or  removed  from  the  epithelium 
by  the  water  flowing  along  the  tubules.  This  has  been  called  the  "vital"  theory. 
2.  C.  Ludwig  (1844)  assumes  that  very  cfiluie  urine  is  secreted  or  filtered  through 
the  glomerulus.  As  it  passes  along  the  urinary  tubules  it  becomes  more  concentrated, 
owing  to  endosmosis.  It  gives  back  some  of  its  water  to  the  blood  and  lymph  of 
the  kidney,  thus  becoming  more  concentrated,  and  assuming  its  normal  character. 
[This  is  commonly  known  as  the  **  mechanical  theory."] 

The  secretion  of  urine  in  the  kidneys  does  not  solely  depend  upon  definite 
physical  forces.  A  great  numlxir  of  facts  force  us  to  conclude  that  the  vital  activity 
of  certain  secretory  cells  plays  a  foremost  part  in  the  process  of  secretion  {B, 
Heidenhain). 

The  secretion  of  urine  embraces— (1)  The  water,  and  (2)  the  urinary  constitu- 
ents therein  dissolved  ;  both  together  form  the  urinary  secretion.  The  amount 
of  mine  depends  chiefly  upon  tlie  amount  of  water  which  is  filtered  through  or 
secreted  by  the  glomeruli ;  the  amount  of  solids  dissolved  hi  the  urine  determines 
its  concentratioa 

(A)  The  amount  of  urine,  which  is  secreted  chiefly  within  the  Malpighian 
cajjsules,  depends  yrimanhj  ujxm  fli^  blood- jn-essure  in  the  area  nf  the  renal  artery^ 
and  follows,  therefore,  the  laws  of  filtration  (S  191,  II.)  (Ludmg  ami  GoU),  [In 
this  respect  the  secretion  of  urine  differs  markedly  from  that  of  saliva,  gastric  juice, 
or  bile.  We  may  state  it  more  accurately  thus,  that  the  amount  of  urine  depends 
v(?ry  closely  upon  the  differences  of  pressure  between  the  blood  in  the  glomeruli 
and  the  pressure  within  the  renal  tubules.  If  the  ureter  be  ligatured,  the  secretion 
of  urine  is  ultimately  arrested,  even  although  the  blood-pressure  be  high.  The 
secretion  may  also  be  arrested  by  ligature  of  the  renal  vein  ;  and  in  some  cases  of 
cardiac  pulmonary  disease  the  venous  congestion  thereby  produced  may  bring  about 
the  same  result.] 

Glomerular  Epithelium. — ^The  amount  of  urine  secreted  does  not  depend  upon 
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the  liydrostatic  pressui-e  alone,  but  it  seeuis  that  the  epithelial  cells  covering  the 
glomenilus  also  participate  nctioely  in  the  process  of  secretion.  Besides  the  water, 
a  certain  amount  of  the  salts  present  in  the  urine  are  excreted  through  the  glomeruli. 
The  sennn-albumin  of  the  blood,  howecer,  is  prevented  from  passing  t/n'ottgh.  With 
regard  to  the  secretory  activity  of  these  cells,  the  quantity  of  water  must  also 
depend  upon  the  amount  of  the  urinary  constituents  and  water  present  in  the  blood 
(i?.  Heidenhaln), 

Only  when  the  vitality  of  the  secretory  cells  is  intact  is  thei-e  independent  activity  of  these 
secretory  cells  {Heulcnhain),  When  the  renal  artery  is  closed  teni])orarily,  their  activity  is 
|)aralysed,  so  that  the  kidneys  cease  to  secrete,  and  even  after  the  compression  is  removed  and 
the  circulation  re-established,  secretion  does  not  take  place  for  some  time  (Ovcrbeck), 

That  the  secretion  depends  in  part  upon  the  blood-pressure  is  proved  by  the 
following  considerations : — 

1.  Increase  of  the  total  contents  of  the  vascular  system  so  as  to  increase  the  blood- 
pressnre,  incretuses  the  amount  of  water  which  filters  through  the  glomeruli.  The 
injection  of  water  into  the  blood-vessels,  or  drinking  copious  draughts  of  water, 
acts  partly  in  this  way.  If  the  blood-pressure  rises  above  a  certain  height,  albumin 
may  pass  into  the  urine.  The  active  paiiicipation  of  the  cells  of  the  glomeruli  is 
Hindered  probable  by  the  fact  that,  after  very  copious  drinking,  the  blood-pressure 
is  not  always  raised  (Paiclow) ;  further,  after  copious  transfusion,  the  quantity  of 
urine  is  not  increased.  Conversely,  the  loss  of  water  owing  to  profuse  sweating  or 
diarrhoea,  cojuous  haemorrhage,  or  prolonged  thirst,  diminishes  the  secretion  of 
urine. 

2.  Diminution  of  the  capacity  of  the  vascular  system^  provided  the  pressure 
within  the  renal  area  be  thereby  increased,  acts  in  a  similar  manner.  This  may  be 
produced  by  contraction  of  the  cutaneous  vessels,  owing  to  the  action  of  cold, 
stimulation  of  the  vaso-motor  centre,  or  large  vasomotor  nerves,  ligature,  or 
compression  of  large  arteries  (§  85,  c),  or  enveloping  the  extremities  in  tight 
bandages.  All  these  conditions  cause  an  increase  in  the  amount  of  urine,  and  of 
course  the  opposite  conditions  bring  about  a  diminution  of  urine,  e.g.^  the  action 
of  heat  on  the  skin  causing  redness  and  dilatation  of  the  cutaneous  vessels, 
weakening  of  the  vaso-motor  centre,  or  paralysis  of  a  large  number  of  vaso-motor 
nerves. 

3.  Increased  action  of  the  heart,  whereby  the  tension  and  rapidity  of  the  blood 
in  the  arteries  are  increased  (§  85,  c),  augments  the  amount  of  urine  ;  conversely, 
feeble  action  of  the  heart  (paralysis  of  motor  cardiac  nerves,  disease  of  the  cardiac 
musculature,  certain  valvular  lesions)  diminishes  the  amount.  Artificial  stimula- 
tion of  the  vagi  in  animals,  so  as  to  slow  the  action  of  the  heart,  and  thus  diminish 
the  mean  blood-pressure  from  130  to  100  mm.  Hg,  causes  a  diminution  in  the 
amount  of  urine  to  the  extent  of  one-fifth  {GoU,  CI.  Bernai^) ;  when  the  pressure 
in  the  aorta  falls  to  40  mm.  the  secretion  of  urine  ceases.  [If  the  medulla 
oblongata  be  divided  (dog),  there  is  an  immediate  fall  of  the  general  blood-pressure, 
and  although,  as  a  general  rule,  the  secretion  of  urine  is  arrested  when  the  pressure 
falls  to  40  to  50  mm.  Hg,  yet  secretion  has  been  observed  to  tiike  place  with  a 
lower  pressure  than  this.] 

4.  The  amount  of  urine  secreted  rises  or  falls  accai*ding  to  the  degree  of  fulness 
of  the  renal  artery  {Ludwig,  Max  Hermann) ;  even  when  this  artery  is  moderately 
constricted  in  animals,  there  is  a  decided  diminution  in  the  amount  of  urine. 

Pathological. — In  fever  the  renal  vessels  are  less  full  and  there  is  consecutive  diminution  of 
urine  {Mciuichohn).  It  is  most  important,  in  connection  with  certain  renal  diseases,  to  note 
that  ligature  of  the  renal  artery,  even  when  it  is  obliterated  for  only  two  hours,  causes  necrosis 
of  the  epithelium  of  the  uriniferous  tubules.  When  the  arterial  anaemia  is  kept  up  for  a  long 
time,  the  whole  renal  tissue  dies  {Litten).  After  long-continued  ligation  of  the  renal  artery, 
the  epithelium  of  the  glomeruli  becomes  greatly  changed  {Ribtfert), 
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5.  Most  diuretics  act  in  one  or  other  of  the  above-mentioned  ways. 

[Some  diuretics  act  by  increasing  the  general  Mood-pressure  (digitalis  and  the  action  of  cold 
on  the  skin),  others  may  incrfase  the  blood- pressure  locally  within  the  kidney,  and  this  they 
may  do  in  several  wayx.  The  nitrites  are  said  to  paralyse  the  mnscnlar  fibres  in  the  vasa 
afTerentia,  and  thus  raise  the  blood -pressure  within  the  gjomeruli.  But  some  also  act  on  the 
teeretory  epiUvelium,  such  as  urea  and  cafTein.  Brunton  recommends  the  combination  of 
diuretics  in  appropriate  cases,  and  the  diuretics  must  be  chosen  according  to  the  end  in  riew — 
as  we  wish  to  remove  excess  of  fluirls  from  the  tissues  and  serous  cavities,  or  as  we  wish  to  re- 
move injurious  waste  products,  or  merely  to  dilute  the  urine.] 

[6.  The  amount  of  urine  also  depends  upon  the  composition  of  the  blood. 
Drinking  a  large  quantity  of  water,  whereby  the  blood  becomes  more  watery, 
increases  the  amount  of  urine,  but  this  is  true  only  within  certain  limits.  It  is 
not  merely  the  increase  of  volume  of  the  blood  acting  mechanically  which  causes 
this  increase,  as  we  know  that  large  quantities  of  fluid  may  l^e  transfused  without 
the  general  blood-pressure  being  materially  raised  thereby.] 

IHeidenhain  arguos  that  it  is  not  so  much  the  presi^ure  in  the  glomeruli  as  the 
ocity  of  the  blood,  which  determines  the  process  of  the  secretion  of  water  in 
the  kidney.  He  contends  that,  while  increase  of  the  pressure  in  the  renal  artery 
causes  an  increased  flow  of  urine,  ligature  of  the  renal  vein,  whereby  the  pressure 
in  the  glomendi  is  also  increased,  arrests  the  secretion  altogether.  In  both  cases 
the  pressure  is  increased  within  the  glomeruli,  and  the  two  cases  difler  essentially 
in  the  velocity  of  the  blood-current  through  the  glomendi.] 

Pressure  in  the  Vas  Afferens. — The  i)re8sure  in  each  vas  afferens  must  be 
relatively  great,  because  (1)  the  double  set  of  capillaries  in  the  kidney  oflbrs  con- 
siderable resistance,  and  (2)  the  lumen  of  the  vas  efferens  is  narrower  than  that  of 
the  vas  aff'erens.  Hence,  owing  to  the  high  blood-pressure  in  the  capillaries  of  the 
renal  glomeruli,  filtration  must  take  place  from  the  blood  into  the  Malpighian 
capsules.  When  the  vasa  afi'erentia  are  dilated,  the  filtration-pressure  is  increased, 
while,  when  they  are  contracted,  the  secretion  is  lessened.  When  the  pressure 
becomes  so  diminished  as  to  retiird  greatly  the  blood-stream  in  the  renal  vein,  the 
secretion  of  urine  l)egins  to  be  arrested.  Occlusion  of  the  renal  vein  completely 
suppresses  the  secretion  (//.  Meyer ^  v.  Frerichs).  Ludwig  .concluded  from  this 
observation  that  the  filtration  or  excretion  of  fluid  could  not  tiike  i)lace  through  the 
renal  cai)illaries  proper^  as,  owing  to  occlusion  of  the  renal  vein,  the  blood-pressure 
in  these  capillaries  must  rise,  which  ought  to  lead  to  increased  filtration.  Such  an 
experiment  points  to  the  conclusion  that  iha  filtration  must  take  place  through  the 
rxipillarifs  of  the  glomeriiJi.  The  venous  stasis  distends  the  vas  eflbrens,  which 
springs  from  the  centre  of  the  glomendus,  and  compresses  the  capillary  loops  against 
the  wall  of  the  Malpighian  capsule,  so  that  filtration  cannot  take  place  through 
them.  It  is  not  decided  whether  any  fluid  is  given  off"  through  the  convoluted 
urinary  tubules. 

Venous  congestion  in  the  kidneys  diminishes  the  quantity  of  urine  and  the  urea.  The  NaCl 
remains  constant,  but  pathological  albumin  is  increased  {Senator  and  Munk). 

Pressure  in  Ureter. — As  the  blood-pressure  in  the  renal  artery  is  about  120  to 
140  mm.  Hg,  and  the  urine  in  the  ureter  is  moved  along  by  a  very  slight  propelling 
force,  so  that  a  counter-jjressure  of  from  10  {Lnhell)  to  40  mm.  of  Hg  is  sufficient 
to  arrest  its  flow,  it  is  clear  that  the  blo(xl-pressure  can  also  act  as  a  vis  a  tergo  to 
prop<d  th(».  urine  through  the  ureter.  The  pressure  in  the  ureter  is  measured  by 
dividing  the  ureter  transversely  and  inserting  the  manometer  in  it. 

(B)  Secretory  Activity  of  the  Benal  Epithelium.— The  degree  of  concentra- 
tion of  the  urine  also  depends  uj)on  the  quantity  of  the  dissolved  constituents 
which  has  j)assed  from  the  ])lood  into  the  urine.  The  secretory  colls  of  the  con- 
voIuUmI  tubides,  by  their  own  proper  vital  activity,  seem  to  be  able  to  take  up,  or 
secrete,  some  at  least  of  these  substances  from  the  blood  (Boicman^  Heidenhain), 


Sec.    273.]      EXPEIUMENTS   WITH    HULPHINDIGOTATE  OF  SODA. 


525 


Thti  wakny  i>mt  of  llu'  iiriiio,  contain iug  only  easily  lUtiusiblG  siilts^  iis  it  Hows 
along  the  tubules  frtiin  the  giouiernli,  oxtrack  or  wa^he^  out  thejw;  suhstan^e?!  from 
the  .seeretory  i'[»it]ieliinn  of  tlie  eijnvninted  tuhnks. 

Experiments  with  sulpliindigotate  of  soda.— 1.  Snlphmdigotatc  r>f  soda  and 
sodintn  nmte,  wlien  injected  into  the  hlouil,  pass  into  t]i«  urine,  mid  are  founil 
within  the  iiratoiilasnui  of  the  trfin  of  the  amm/ufed  iuhitlvit  [only  hi  ihuae  pavts 
lint'd  l>y  '^rodded"  epitheh'inn],  but  not  in  the  Malinghian  eajisules  {I/fi^hnhaitt). 
A  little  later  the^Je  snhstaucea  are  found  in  the  ItoHm  of  the  tninaiy  tuhulei^,  from 
which  they  arc  washed  out  by  the  watery  part  of  the  uriiie  coming  frojii  the 
glumeroli.  If,  however,  two  days  Iwdore  the  iiyecti«"n  of  the.se  ynbj^taneeH  into  the 
blood,  the  cortical  fwirt  of  the  kidney  cojit^uidiig  tlic.  Malfiigbiaii  eapsnlcH  he  caut- 
erised [e.f/.,  by  nitrate  of  silver],  or  sliced  oif,  tlie  l>lue  pigment  remains  within  the 
convoluted  tuhule^^.  It  eniinot  be  eanied  onwanl,  ixs  tJie  wat^jr  which  should 
carry  it  uh^ng  ha.*i  ceivsed  to  be  secreted,  owing  to  the  ileatruction  of  the  glomernlh 
Thia  ex|K>riiuent  also  goes  to  show  that  througli  the  (jfomeruU  the  watn'ij puH  of 
the  urine  is  chirjUf  excrded^  ^vlule  througli  the  conrifluttaf  iufitdeif  the gpecijir  ia'tfinn/ 
K'oit>fifffettfs  ai'e  excreted. 

[When  a  large  ^[tiantity  of  the  ptire  fjtdphindigotMte  is  injected  into  the  blood, 
within  less  than  half  an  hour  the  cortex  and  pyraiuids  become  deep  bhie  ;  the 
Ix^midiiry  zone,  as  a  rule,  is  lighter  in  tint  {fig.  343).     The  blue  pigment  is  foinid 
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Fig.  343,— StH-tioii  or  a  lubbifs  ki-ln^y  aft«r  the  injectiou  of  a  larger  qaaatity  of  salf  hhnJigotatt^ 
nl  Kmla  ioto  the  blood.  Fifi.  344.— Section  of  n  rnbhit'a  kidney,  Sfctian  of  the  spinal 
cord  and  aiibsenneiit  inji  ction  of  Hali>hindigotate  of  soda.  Note  thttt  the  pigment  is  cmi- 
tined  to  tlie  cortex.  FIk-  345.— Sectioa  of  a  rabbit's  kidney.  Th«  surraco  l>erweeii  c  nnd  j? 
mid  A  and  d  wiia  cauterised,  Thtre  is  the  nornml  nppeamacc  in  the  urens /c,  jrA>  db,  but 
nrrest  of  the  secretion  of  water  in  e^  and  hd. 

in  the  epithelium  of  the  convoluted  tubnli-^Sj  or  hi  tlndr  hnnen,  but  never  in  the 
epithelium  of  the  straight  tubules,  although  a  larj^e  amount  i^  found  in  the 
himina,  especially  of  the  collecting-tubes.] 

[If,  however,  tlie  spinal  cord  )m  divided  su  as  to  lower  tbr^  arterial  blood-pressur<% 
and  tlnis  arrest  the  secretion  of  water^  and  a  small  quantity  of  the  snlphiuiligotiite 
l>e  injectt^i  into  the  bliMHl,  the  Idue  pigment  is  secreted  from  the  lymidi^  itself 
nearly  colourless,  by  tlie  convoluted  tubules  ami  the  looped  tulades  of  llenle, 
Owin^  to  the  arrest  of  the  wakuT  part  of  the  secretion,  the  pigment  remains  hi 
the  cortex  and  the  kidney  presents  tlie  a]ipcarance  shown  in  fig.  341,] 

[Fig.  345  showis  the  etfeet  of  cauterisiiig  the  surface  of  the  kidney  witli  silver 
nitrate.  In  the  cauterised  area  tht^  secretion  of  water  within  the  ca|>sules  cerises, 
while  the  8<*erction  of  the  pigment  by  tb<^  convohited  tnliules  is  not  firrested,  bo 
that  in  the  normal  areas  om^  has  the  apj>earances  shfiwn  in  lig.  M3  and  in  the 
canteriscd  area  that  e^f  fig.  345], 

Uric  acid  aalte,  injected  inte>  the  blood,  were  observed  by  Heidenhain  to  Im 
excreted  by  the  convoluted  tnbules.  Von  Wittich  had  previously  observed  that 
in  hirth^  crystiils  of  uric  acid  were  excreted  by  the  epithelium  of  the  convoluted 
tubules,     [The    presence  of  crystals  of  uric  acid   in  the  rtjnal  epithelium  was 
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observed  by  Bowman,  and  used  as  an  argument  to  sup}>ort  his  theory.]  Nussbaum, 
in  1878,  stated  that  urea  is  secreted  by  the  urinary  tubules  and  not  by  the 
glomeruli. 

The  same  is  true  for  the  bile-pignients,  for  the  iro)i  salts  of  the  vegetable  acids  when  injected 
snbcataneoiisly,  and  for  htemoglobin.  After  injection  of  milk  into  the  blood-vessels,  numerous 
fatty  jo^nules  occur  within  the  epithplinm  of  the  urinary  tubules  (§  102). 

^cmtion  of  Pigments. — Only  during  very  copioiiB  excretion  does  the  glomerulus  |>artici|)ate. 

Aft*'r  the  introduction  of  a  largo  amount  ot  sodic  sul- 

})hindij{Otate,  and  when  the  experiment  has  lasted  for  a 
ong  time,  the  epithelium  of  the  glomerulus  becomes  blue. 
In  albnminnria,  the  abnormal  excretion  of  nrine  takes 
place  first  in  tiie  uriiiury  tubules,  and  afterwards  in  the 
Malpighian  cnpsules ;  Hb  is  (lartly  found  in  the  capsules. 
Acconliu>(  to  Nussbaum,  egg*albumin  passes  out  through 
the  Malpighian  cai)f>ules. 

[KuBsbaum's  Experiments. — In  the  frog  and 
newt,  the  kidney  is  supplieil  with  blood  in  a 
manner  different  from  that  obtaining  in  mammals. 
The  glomeruli  are  supplied  by  branches  of  the 
renal  artery.  The  tubules  are  supplied  by  the 
renal-i)ortal  vein  (fig.  346).  The  vein  coming 
from  the  posterior  extremities  divides  at  the 
upper  end  of  the  thigh  into  two  branches,  one  of 
which  enters  the  kidney,  and  breaks  up  to  form 
a  capillary  plexus,  which  surrounds  the  urini- 
ferous  tubules,  but  this  j)lexus  is  also  joined  by 
the  efferent  vessels  of  the  glomeruli.  These  two 
systems  are  partly  in<lependent  of  each  other. 
After  ligaturing  the  renal  arteries,  Nussbaum 
asserted  that  the  circulation  in  the  glomeruli  was 
cut  off,  while  ligature  of  the  renal-portal  vein 
excluded  the  functional  activity  of  the  tubides. 
By  injecting  a  substance  into  the  blood,  after 
ligaturing  either  the  arteries  or  renal-portal  vein, 
and  observing  whether  it  occurs  in  the  urine,  he 
infers  that  it  is  given  off  either  by  the  glomendi 
or  the  tubules.  Sugar,  peptones,  and  egg-allmmin 
rapidly  pass  through  an  intact  kidney,  but  if  the 
renal  arteries  be  tied  they  are  not  excreted.  Urea 
when  injected  into  the  circulation  is  excreted 
after  the  arteries  are  tied,  so  that  it  is  excreted 
through  the  tubules,  but  at  the  same  time  it 
takes  with  it  a  considerable  quantity  of  water. 
Thus,  water  is  excreted  in  tico  ways  from  the 
kidney,  by  the  glomeruli  and  also  from  the 
venous  plexus  around  the  tubules  along  with  the 
urea.  ImUgn-carrniiie  merely  passes  into  the 
tubular  ejnthelium  of  the  convoluted  tubules, 
but   it    does    not  cause   a    secretion    of    urine. 


Veins  of  the  frog,  semi-diagrammatic. 
<$.F.,8iiiU8veno8Us;  i?^,£^, right, 
left  auricles;  F, ventricle  ;  jw-c,  prc- 
caval  ;  cxju,,  external  jugular  ;  i. 
jM.,  internal  jugular; «-5c.,  subscap- 
ular ;  rn,  innominate  ;  s-cl,  subcla- 
vian ;  6r,  brachial  ;  m-ct,  musculo- 
cutaneous ;  pCf  |)08t-caval  ;  «;,  sci- 
atic; p.v.j  pelvic;  r?;,  renal-portal; 
d.-l.  dorso-lumbar  ;  o,  veins  from 
oviduct ;  r.r,  renal,  a.  aft,  anterior 


abdominal ;  6/,  vesical  ;  ;),  portal,  ^  

and  h,  hejMitic  veins;  A:,  kidneys;  Allmmin  passes  through  the  glomeruli,  but  only 

1,  alimentary  canal  with  its  capil-  after   their   membranes    have   been    altered    in 

lanes;  /,  capillaries  of  liver;  pi,  ^^^^^  ^^  y     clamping  the  renal  artery  for  a 

pulmonary  veins.  f        1       "  ^    o  j 

[Adami's  Experiments  on  the  kidney  of  the  frog  tend  to  show  that  Nussbanm^s  conclusions 
are  not  justific<l,  for  Adami  found  that  if  the  renal  arteries  in  the  frog  be  ligatured,  within  a 
few  hours  a  collateral  circulation  is  established  and  a  certain  amount  of  blm>d  flows  through 
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the  kidney.  He  proved  tliis  by  injecting  into  the  blood  carmine  or  painter's  vermilion,  in  a 
state  of  Hne  8U8|)ension,  and  after  Ii>;ature  of  the  renal  aiteiies  he  found  it  in  many  of  the 
glomeruli,  while  laky  blood  similarly  injected  revealed  its  presence  as  menisci  of  Hb  in  the 
Malpi^hian  corpuscles.  Even  secretion  of  some  urine  may  go  on  after  ligature  of  the  renal 
arteries.  It  is  evident,  then,  that  NuNsbauni's  method  is  not  a  reliable  one  for  locating  the 
parts  of  the  kidney  through  which  cerDiin  substances  are  excreted.  Adami's  experiments  also 
give  souie  support  to  Heidenhaiu's  view  that  the  glomerular  epithelium  *'  possesses  powei«  of  a 
selective  secretory  nature,"  foi*  he  finds  tliat  in  frogs,  after  ligature  of  the  renal  arteries,  where, 
of  course,  the  pressure  in  the  glomenili  is  just  nearly  that  in  the  veins,  and  in  the  dog  after 
section  of  the  spinal  cord,  so  that  the  hlood-pressure  has  fallen  below  40  mm.  Hg,  whereby  the 
secretion  of  urine  is  arrested,  the  injection  of  laky  blood  causes  Hb  to  appear  in  the  capsules, 
although  there  is  no  simultaneous  excretion  of  water.] 

2.  Even  when  the  secretion  of  the  watery  part  of  the  urine  is  completely 
arrested,  either  by  ligature  of  the  ureter,  or  after  a  very  great  fall  of  the  blood-pres- 
sure in  tlie  renal  artery,  [as  after  section  of  the  cervical  spinal  cord],  the  before- 
mentioned  substances,  when  injected  into  the  blooti,  are  found  in  the  cells  of  the 
convoluted  tubules.  The  injection  of  urea  under  these  circumstances  causes 
renewed  secretion.  These  facts  show  that,  independently  of  the  filtration-pressure, 
the  secretory  octivitij  of  these  celh  is  still  maintained. 

The  independent  vital  activity  of  the  secretory  cells  of  the  urinary  tubules,  which  as  yet  we 
are  unable  to  explain  on  purely  physical  grounds,  renders  it  [)robable  that  the  tubules  are  not  to 
be  compared  to  an  apparatus  provided  with  physical  membranes.  This  is  proved  by  the  follow- 
ing experiment : — Abeles  caused  arterial  blood  to  circulate  through  freshly  exci.sed  living 
kidneys.  A  pale  urine-like  fluid  dropped  from  the  ureter.  On  adding  some  urea  or  sugar  to 
the  blood,  the  secretion  became  more  concentrated.  Thus,  the  excised  ''surviving"  kidney  also 
excretes  substances  in  a  more  concentrated  form  than  those  supplied  to  it  in  the  diluted  blood 
streaming  through  it.  J.  Munk  obtained  similar  results  in  excised  kidneys,  with  common  salt, 
nitre,  calfein,  grape-sugar,  glycerin,  with  increase  in  the  amount  of  urine  secrett-d.  The 
addition  of  caffein  or  theobromin  to  the  jMjrfuscd  blood  increases  the  secretion,  exciting  the 
secretory  cells  to  greater  activity  (v.  Schrocder). 

Salts  and  Gases. — The  vital  activity  explains  why  the  scrum-albunnn  of  the  blood  does  not 
pass  into  the  urine,  while  egg-albumin  and  dissolved  hteujoglobin  readily  do  so.  Among  the 
salts  which  occur  in  the  blood  and  blood-corpuscles,  of  course  only  those  in  solution  can  pass 
into  the  urine.  Those  which  are  unitetl  witli  proteid  bodies,  or  are  fixed  in  the  cellular 
elements,  cannot  pass  ont,  (»r  at  least  only  after  they  have  been  snlit  up.  Thus,  we  may  explain 
the  difft-rence  between  the  salts  of  the  urine  and  these  of  the  blood.  Similarly,  the  urine  can 
only  contain  the  absorbed  and  not  the  chemically-united  gases. 

Ligature  of  the  Ureter. — If  the  secretion  be  arresteil  by  compression  or  by  ligature  of  the 
ureter,  the  lymph-s|>aceM  of  the  kidney  become  filled  with  fluid,  which  may  pass  into  the  blood, 
so  that  the  organ  becomes  oedematous,  owing  to  the  passage  of  fluid  into  its  lymph-spaces. 
The  secretion  undergoes  a  change,  as  first  water  passes  back  into  the  blood,  then  the  sodic 
chloride,  sulphuric,  ami  phosphoric  acids  diminish,  and  lastly  the  urea  (C.  Ltidwig,  Ma^  Hcrr- 
man).  Kreatinin  is  still  present  in  considerable  amount.  There  is  no  longer  secretion  of 
proper  urine  (LobeU). 

Non-Symmetrical  Benal  Activity. — It  is  remarkable  that  both  kidneys  do  not  secrete 
symmetrically — there  is  an  alternate  condition  of  hypenemia  and  secretory  activity  on  opposite 
sides  (§  100).  One  kidney  secretes  a  more  watery  urine,  which  at  the  same  time  c(mtaiiis  more 
NaCl  and  urea.  Von  Wittich  obs»*rved  that  the  secretion  of  uric  acid  was  not  uniform  in  all 
the  urinary  tubules  of  the  same  bird.  Extirpation  of  one  kidney,  or  disease  of  one  kidney  in 
man,  does  not  seem  to  diminish  the  secretion  {Roscnstein).  The  remaining  kidney  becomes 
more  active,  and  larger. 

Beahsorption  in  the  Kidney. — In  discussing  the  secretion  of  the  kidney,  we  must  attach 
considerable  importance  to  the  variations  in  the  calibre  of  the  renal  tubules  in  their  course. 
Perhaps  in  the  narrowing  of  the  descending  part  of  the  looped  tubule  of  Henle  there  may  be 
cither  a  reabsorption  of  WHt»-r,  so  that  the  urine  becomes  more  concentrated,  or  there  may  be 
absorption  even  of  albumin,  which  may  perhaps  pass  through  the  glomeruli  in  small  amount. 
[That  reabsorption  of  fluid  takes  place  within  the  kidney  was  ]»art  of  Lud wig's  theory,  which 
is  practitally  a  process  of  filtration  and  reabsorption.  Hiifner  pointed  out  that  the  structure  of 
the  kidueys  of  various  classes  of  vertebrates  corresponded  closelv  with  the  retiuirements  for 
reabsorption  of  water.  The  exj)eriments  of  Ribbert  show  that  the  urine  actually  secreted  in 
the  cortex  of  the  kidney  is  more  watery  than  that  secreted  normally  by  the  entire  organ.  He 
extirpated  the  medullary  portion  in  rabbits,  leaving  the  cortical  part  intact,  and  in  this  wav 
collerted  the  dilute  urine  from  the  Malphighian  corpuscles  before  it  passed  through  Henle^s 
loops.] 
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274.  FORMATION  OP  THE  URINARY  CONSTITUENTS— The  question 
lias  often  been  discussed,  whether  all  the  urinary  constituents  are  merely  excreted 
through  the  kidneys,  i.e.,  that  they  exist  preformed  in  the  blood  ;  or  whether  some 
of  them  do  ruft  exist  preformed  in  the  blooil,  but  are  formed  within  the  kidneys, 
as  a  result  of  the  activity  of  the  renal  epithelium. 

Urea  is  formed  outside  the  Kidney.— Urea  exists  preformed  in  the  blood,  from 
which  it  is  separated  by  the  activity  of  the  kidney.  This  is  proved  by  the  follow- 
ing considerations : — 

1.  The  blood  contains  one  part  of  urea  in  3000  to  5000  parts,  but  the  renal  vein  contains  less 
urea  than  tlie  blood  of  the  corresponding  artery. 

2.  After  extirpation  of  the  kidneys,  or  nephrectomy,  or  after  ligature  of  the  renal  vessels,  the 
amount  of  urea  accumulates  in  the  blood,  and  increases  with  the  duration  of  the  cx^ierinieut  fx# 
9^7  to  f^ji.  At  the  snme  time  there  is  vomiting  and  diarrh(]ba,  and  the  fluids  so  voided  con- 
tain urea  {CI.  Bernard).     Animals  die  in  from  one  to  three  days  after  the  operation. 

3.  After  ligature  of  the  ureters,  the  secretion  of  urine  is  soon  arrested.  Urea  accumulates 
in  the  blood,  but  not  to  a  greater  extent  than  after  nephrectomy.  It  is  |>ossible,  however,  that 
the  kidneys,  like  other  organs,  may  form  a  small  amount  of  urea,  due  to  the  metabolism  of  their 
own  tissues. 

[Although  the  percentage  of  urea  in  the  blood  is  small,  yet  when  we  consider  the  enormous 
amount  of  blood  circulating  through  the  very  vascular  kidneys,  we  obtain  data  which  prove 
that  the  kidneys  withdraw  the  lu-ea  from  tlie  blood.  A  dog  weighing  30  kilos.  (66 '6  lbs.)  has 
2*81  kilos,  of  blood,  ».<?.,  ^X\\  |>art  of  its  body-weight.  The  entire  course  of  the  circulation  ia 
completed  in  15  sees.,  so  that  in  24  houis  2*31x4x60x24-13305*6  kilos,  of  bl<K>d  will 
pass  through  the  body.  Taking  the  kidneys  as  -^  part  of  the  weight  of  the  body,  about 
66*53  kilos,  of  the  blood  will  pass  through  the  kidneys  in  24  hours.  Suppose  the  blood  con- 
tained only  *5  gram  urea  in  1000  c.c,  66*53  kilos,  could  yield  33*3  grams  of  urea.  A  large 
dog  fed  on  flesh  excretes  30-35  grams  of  urea  in  24  hours  {Munk).] 

[Urea  exists  in  the  blood;  whence  does  the  blood  derive  it?  It  can  only  obtain 
it  from  one  or  more  of  several  organs— (1)  muscle,  (2)  nervous  system,  and  (3) 
glands,  of  which  tho  liver  is  the  most  prominent.  This  is  best  stated  by  the 
method  of  exclusion.] 

[1.  That  urea  is  not  formed  in  muscle  is  shown,  among  other  considerations,  by 
the  fact  that  only  a  trace  of  urea  occurs  in  muscle  (§  293),  and  that  the  amount  is 
not  increiu*ed  by  exercise.  Blooil  which  has  l>een  transfused  through  a  nmsclo,  or 
the  blood  after  circidating  in  a  muscle  during  violent  exercise,  does  not  contain  an 
increase  of  urea,  nor  does  the  addition  of  ammonium  carbonate  to  blood  circulating 
through  muscle  show  any  increiise  of  urea.  Again,  muscular  exertion  does  not  (as 
a  rule)  incrcjuse  the  amount  of  urea  in  the  urine,  as  shown  by  the  experiments  of 
Fick  and  VVislicenus  (^  294),  Parkes,  and  others.  The  excretion  chiefly  increasoil 
by  muscular  t»xertion  is  the  pulmonary  COo  (§  127).] 

[2.  From  what  we  know  of  the  nervous  system,  it  is  not  formed  there.  We  aro 
therefoni  forced  to  consider  the  evidence  as  to  the  liver,  as  the  organ,  or,  at  least, 
the  chief  organ,  in  which  it  is  formed.  Tiiis  evidence  is  in  some  resi>eets  contra- 
dictory, but  it  is  partly  experimental  and  partly  clinical.] 

[Experimental  Evidence.— Although  H(jppe-Seylor  denies  the  existence  of  ur«a 
in  the  liver,  (1)  its  existence  there  was  jn-oved  by  Gschcidlen;  (2)  and  Cyon,  on 
passing  blood  through  an  excised  liver  by  the  "perfusion"  method  of  Ludwig, 
found  that  blood,  after  l)eing  passed  several  times  through  the  organ,  contained  an 
increased  amount  of  urea.  The  objection  to  these  experiments  is  that  Cyon's 
method  of  estimating  the  urea  was  mncdiable.  (3)  But  von  Schroeder,  using  a 
similar  method,  finds  that  if  blo(Kl  taken  from  a  dog  in  fidl  (fifjesiion  be  perfused 
tlm^ugh  the  liver,  thei-e  is  a  slight  increase  in  the  amount  of  urea,  while  there  u 
no  ure^a  formed  when  the  blood  of  a  fjisting  dog  is  similarly  perfused.  (4)  If 
amnionium  carl)onate  be  ad<led  to  the  blood,  there  is  a  very  much  greater  amount  of 
urea  in  the  blocxl  of  the  hepatic  vein.  This  last  fact  is  confirmed  by  Salomon. 
lUit  if  blood  mixed  with  ammonium  carbonate  be  perfused  through  au  excised 
surviving  kidney,  or  through  the  muscles  of  the  lower  limbs,  there  is  no  increase 
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of  urea.  These  experiments  seem  to  i>oint  to  ammonium  carbonate  as  l)eing  one 
of  the  antecedents  of  urea,  which  is  furtlicr  strengthened  by  the  fact  that  the 
administration  of  ammonium  salts  increases  the  amount  of  urea  in  the  urine.  (5) 
The  experiments  of  Minkowski  on  the  liver  of  the  goose  (§  386)  show  that,  when 
the  liver  is  excluded  from  the  circulation,  lactic  acid  take^  the  j)lace  of  uric  acid 
in  this  bird.  (6)  Brouardel  further  states,  that  if  the  region  of  the  liver  be  so 
beaten  as  to  caus(j  congestion  of  that  organ,  there  is  an  increase  of  the  urea  in  the 
urine.  (7)  Nool-Paton  finds  that  some  drugs  which  increase  the  quantity  of  bile 
in  dogs  in  a  state  of  X-equilibrium  (§  178),  e.f/.,  sodic  salicylate  and  benzoate, 
colchicum,  mercuric  chloride,  and  euonymin,  also  increase  the  urea  in  the  urine ; 
he  therefore  concludes  "  that  the  formation  of  urea  in  the  liver  l)eai's  a  very  direct 
relationship  to  the  secretion  of  bile  by  tbat  organ."  But  the  destruction  of  red 
bloo<l-corpuscles,  e.g.^  by  the  injection  of  pyrogallic  acid  or  toluylendiamin  into 
the  blood  by  settuig  free  hsemoglobin,  not  only  aiuses  an  increase  of  bile,  but  it  also 
increases  the  elimination  of  urea  by  the  kidneys,  and  the  time  of  maximum 
d(»struction  of  the  red  blood-corj)Uscles,  as  mciisured  by  the  haemocytometer, 
coincides  with  the  maximum  excretion  of  urea.] 

[The  clinical  evidence  points  strongly  to  the  formation  of  iu*ea  in  the  liver. 
Parkes  pointed  out  that  in  hei)atic  abscess,  duruig  the  early  congestive  stage,  the 
urea  in  the  urine  is  increased,  while  it  is  diminished  in  the  suppurative  stage, 
when  the  hepatic  parenchyma  is  destroyed.  The  urea  is  also  tliminished  in  cancer 
of  the  liver,  phthisis,  and  some  fonns  of  hepatic  cirrhosis,  while  it  is  increased 
during  hepatic  congestion,  and  specially  so  in  some  cases  of  diabetes  mellitus.  The 
most  striking  fact  of  all  is  that,  in  acute  yellow  atrophy  of  the  liver,  the  urea  is 
enormously  diminished  in  the  urine,  and  may  even  disapp(^ar  from  it  while  its 
l)lace  is  taken  by  the  intermediate  products,  leuchi  and  ty rosin  {v,  Frerichs).  In 
poisoning  by  phosphorus,  coincident  with  tlie  atroi)hy  of  the  liver,  there  is  a  fall 
in  the  urea-excretion.  In  diabetes  mellitus  depending  on  disease  of  the  liver,  not 
only  is  the  sugar  j^assed  in  the  urine  greatly  increiised,  but  the  unja  is  also 
increased.  In  hepatic  cirrliosis,  where  there  is  great  diminution  in  the  parenchyma 
of  the  liver,  the  urea  in  the  urine  is  greatly  dimhiished  and  tlie  ammonia  greatly 
increased.] 

As  to  the  antecedents  of  urea  there  is  the  greatest  doubt  (^  25G). 

[These  and  the  following  experiments  indicate  that  urea,  and  perhaps  most  of 
the  organic  urinary  constituents,  are  "  secreted  "  or  separated  by  the  kidneys  from 
the  blood  passing  through  them,  and  that  they  are  not  formed  in  the  kidneys 
themselves.  The  urea  is  derived  from  proteids,  and  the  liver  seems  to  be  the  organ 
in  which  it  is  formed. 

Uric  Acid  is  formed  outside  the  Kidneys. — 1.  Bird's  blooil  normally  contains 
uri(;  acid  (Meiamei').  [The  liver  of  the  pigeon  contains  6  to  14  times  as  much  uric 
acid  as  the  blood.]  Ligature  of  the  ureters  or  renal  blood-vessels  {Paidinoff),  or 
gradual  destruction  of  the  renal  secretory  parenchyma  by  the  subcutaneous  injec- 
tion of  neutral  potassium  chromate  (Ebsteifi),  is  followed  by  the  deposition  of  uric 
acid  in  the  joints  and  tissues,  and  it  may  even  form  a  white  incrustation  on  the 
serous  membranes.  The  brain  remains  free  (Zaleskf/,  Oppler),  Acid  urates  of 
ammonia,  soda,  and  magnesia  are  also  similarly  deposited.  Extirpation  of  a  snake's 
kidneys  gives  the  same  result,  l)ut  to  a  less  degree. 

[Minkowski  found  that,  after  excluding  tlie  liver  from  the  circulation,  lactic  acid  took  the 
place  of  uric  acid  in  the  urine  (p.  498).     Some  uric  acid  still  appears  in  the  urine,  which  cannot 
.  be  derived  from  the  small  amount  in  the  blood,  so  that,  according  to  v.  Schroeder,  there  are 

'  perhaps  other  foci  of  formation  of  uric  acid.] 

[The  latter  experiment  points  to  the  formation  of  uric  acid  in  the  liver  in  birds, 


u  and  this  is  supposed  to  be  strengthened  by  the  appearance  of  the  deposition  of 

^  urates  in  the  urine  in  certain  disorders  of  digestion.]    Von  Schroeder  and  Colasanti, 
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however,  as  the  result  of  their  experiments  upon  snakes,  come  to  tlie  conclusion 
that  there  is  no  special  organ  concerned  in  the  formation  of  uric  acid. 

Hippuric  acid  is  partly  formed  in  the  kidney,  for  the  hlood  of  herbivora  does 
not  contain  a  trace  of  it  {Meismiei*  and  SJiepard).  In  rabbits,  however,  it  is  formed 
synthetically  in  other  tissues  as  well  as  in  the  kidney.  If  blood  containing  sodic 
benzoate  and  glycin  be  passed  through  the  blooil-vessels  of  a  fresh  kidney,  hippuric 
acid  is  fonned  (§  260)  (Bunge,  Schmiedeheiy,  Korhs),  [The  other  evidence  is  given 
in  §  260.] 

Kreatiiiiii  lias  intimate  relations  to  kreatiu  of  muscle,  but  where  it  is  fonned  is  not  knou-n. 

If  phenol  and  pyrokatechin  are  digested  along  with  fresh  reiial  substaiice,  a  compound  of 
mlphuric  acid  similar  to  that  occurring  in  urine  is  formed  (§  262).  The  latter  substance, 
however,  is  also  formed  by  similarly  digesting  liver,  pancreas,  and  muscle.  It  is  concluded 
from  these  experiments  that  these  substances  are  formed  in  the  body  within  the  kidneys  and 
the  other  organs  mentioned  {Kochs), 

[Urobilin,  nearly  related  to  bilirubin,  is  ultimately  formed  from  hiemoglobin  (§  261),  perhaps 
in  the  liver,  and  is  re-absorbed  from  the  intestinal  canal  to  be  excreted  in  the  urine.  The 
other  urinary  pigments  all  arise  directly  or  indirectly  from  h{emoglobin,'8onie  of  them  perhaps 
fonn  the  bile  pigments,  and  it  may  be  that  they  assume  their  final  form  in  the  epithelium  of 
the  renal  tubules.] 

Chemistry  of  the  Kidney. — The  kidnevs  contain  a  very  large  amount  of  tcater.  Besides 
serum-albumin,  globulin,  albumin  soluble  in  sodium  carbonate  {Goltuxdt),  gelatin-yielding 
substances,  fat  in  the  epithelium,  clastic  substance  derived  from  the  membrana  propria  of  the 
tubules,  the  kidneys  contain  lencin,  xanthin,  hypoxanthin,  kreatin,  taurin,  inosit,  cystin  (the 
last  in  no  other  tissue),  but  only  in  very  small  amount.  The  occurrence  of  these  substances 
points  to  a  lively  metabolism  in  the  kidneys,  which  is  also  proved  by  the  liberal  supply  of 
Mood  they  receive. 

Blood-vessels  of  the  Kidney. — The  kidneys  receive  a  very  large  supply  of  blooil, 
and  during  secretion  the  blood  of  the  renal  vein  is  bright  red.  [In  the  dog  the 
diameter  of  the  renal  artery  nmy  be  diminished  to  '5  mm.  without  the  amount  of 
blood  flowing  through  the  kidney  being  thereby  greatly  interfered  with.  Hence, 
within  wide  limits,  the  amount  of  blood  is  independent  of  the  size  of  the  arterial 
lumen,  and  is  therefore  dependent  on  the  blood-pressure  in  the  aorta,  and  the 
resistimce  to  the  blood-current  within  and  beyond  the  kidney  {Heide7diain).] 

The  reaction  of  the  kidneys  is  acid,  even  in  those  animals  whose  urine  is  alkaline.  Perhaps 
this  fact  is  connected  with  the  retention  of  the  albumin  in  the  vessels. 

275.  PASSAGE  OF  VAEI0U8  SUBSTANCES  INTO  THE  UKINE.— 1.  The  following  sub- 
stances  pass  unchanged  into  the  urine : — Sulphate,  borate,  silicate,  nitfate,  and  carbonate 
of  the  alkalies  ;  alkaline  chlorides,  bromides,  iodides  ;  potassium  sulphocyanide  and  ferro- 
cyanide  :  bile  salts,  urea,  kreatiuin  ;  cumaric,  oxalic,  camphoric,  pyrogallic,  and  cirbolic  acids. 
"Many  alkaloids,  e.g.,  morphia,  strychnia,  curare,  quinine,  catfeiu  ;  pigments,  sulphindigotato 
of  soda,  carmine,  madder,  logAvood,  colouring  niatter  of  cranberries,  cherries,  rhubarb  ;  santonin  ; 
lastly,  salts  of  gold,  silver,  mercury,  antimony,  arsenic,  bismuth,  iron  (but  not  lead),  although 
the  gi'eatest  part  of  these  is  excreted  by  the  bile  and  the  faeces. 

2.  Inorganic  acids  reappear  in  man  and  carnivora  as  neutral  salts  of  ammonia  ;  in  herbivora, 
as  neutral  salts  of  the  alkalies. 

3.  Certain  substances  which,  when  injected  in  small  amount,  seem  to  be  decomposed  in  the 
blood,  pass  in  part  into  the  urine,  when  they  occur  in  such  large  amount  in  the  blood  that 
they  cannot  be  completely  decomposed — sugar,  hremoglobin,  egg-albumin,  alkaline  salts  of  the 
vegetable  acids,  alcohol,  chloroform. 

4.  Many  substances  appear  in  an  oxidised  form  in  the  urine — moderate  quantities  of 
organic  alkaline  salts,  as  alkaline  carbonates  ( JVohlcr),  uric  acid  in  part  as  allantoin 
{Salkoivski),  sulphides  and  sulphites  of  soda,  in  (Mirt  as  sodium  sulphate,  potassium  sulphide  as 
potassium  sulphate,  some  oxyduls  as  oxides,  benzol  as  phenol  {Naxinyn  and  Schtdzen), 

5.  Those  bodies  which  arc  completely  decomposed,  as  glycerin,  resins,  give  rise  to  no  special 
derivatives  in  the  urine. 

6.  Many  substances  combine  and  appear  as  conjugated  compounds  in  the  urine,  c.g,,  the 
origin  of  the  hippuric  ncid  by  conjugation  (§  260),  the  conjugation  of  sulphuric  acid  (§  262),  and 
the  formation  of  urea  by  synthesis  from  carbamic  acid  and  ammonia  (Drechsel)  (§  256).  After 
the  use  of  cam])hor,  chloral,  or  butylchloral,  a  conjugated  compound  with  glycuronic  acid  (an 
acid  nearly  related  to  sugar)  ap|>ears  in  the  urine  (p.  517).  [Chloral  appears  as  urochloralic 
acid,  and  chloroform  partly  a.s  urochloralic  acid ;  gallic  and  pyrogallic  acids  partly  as  such, 
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and  partly  as  pyrogallol,  pyrokatecliin,  and  other  substances  which  turn  brown  when  alkaline 
urine  is  exposed  to  the  air.]  Taurin  and  sarcosin  unite  with  sulpharainic  acid.  A^'hen  bronio- 
phenol  is  given,  it  unites  with  mercapturic  acid,  a  body  nearly  related  to  cystin  (§  268). 

7.  Tannic  acid,  C14H10O9,  takes  up  HgO,  and  is  decomposed  into  two  molecules  of  gallic  acid 

«  2(C7HA). 

8.  The  iodates  of  potash  and  soda  are  reduced  to  iodides ;  malic  acid  {O^^fi^)  partly  to 
succinic  acid  {C^Ufit) ;  indigo-blue  (CjgHioN,Oj)  takes  up  hydrogen  and  Ixjcomcs  indigo-white 

(CieHiaNaOs). 

9.  Some  substances  do  not  pass  into  the  urine  at  all,  e.g.^  oils,  insoluble  metallic  salts  and 
metals. 

276.  nnPLUENOE  OF  NEEVES  AND  OTHEE  CONDITIONS.— At  present 
Ave  are  acquainted  merely  with  the  influence  of  the  vaso-motor  nerves  on  the 
circulation  through  the  renal  vessels.  Each  kidney  seems  to  be  supplied  with  vaso- 
motor nerves,  which  spring  from  both  halves  of  the  spinal  cord  {Nkolaides).  As 
a  general  rule,  dilatation  of  the  branches  of  the  renal  artery,  chiefly  the  vasa 
aflforentia,  must  raise  the  pressure  within  the  glomeruli,  and  thus  increase  the 
amount  of  water  filtered  through  them.  The  more  the  dilatation  is  confined  to  the 
area  of  the  renal  artery  alone,  the  greater  is  the  amount  of  the  urine.  In  the  dog, 
the  lower  dorsiil  nerves  contain  the  most  vaso-motor  nerves — both  vasoconstrictor 
and  vaso-dilator  (p.  534) — for  the  kidney  (Bradford).  [As  yet  we  know  the 
nervous  system  influences  the  secretion  of  urine  only  in  so  far  as  it  modifies  the 
pressure  and  velocity  of  the  blood-current  in  the  kidney.  We  have  no  satisfactory 
evidence  of  the  existence  of  direct  secretory  nerves  in  the  kidney.] 

1.  Eenal  Plexus  and  its  Centre.— Section  of  the  nerves  of  the  renal  plexus — 
the  nerves  around  the  renal  artery — generally  causes  a  considerable  increase  in  the 
secretion  of  urine,  hydruria  or  polyuria ;  sometimes,  on  accoimt  of  the  great  rise 
of  the  pressure  within  the  glomeruli,  albumin  passes  into  the  urine,  and  there  may 
be  rupture  of  the  vessels  of  the  glomeriili,  leading  to  the  passage  of  blood  into  the 
urine.  The  nerve-centre  for  the  renal  nerves  lies  in  the  floor  of  the  fourth 
ventricle,  in  front  of  the  origin  of  the  vagus.  Injury  to  this  part  of  the  floor  of  the 
fourth  ventricle,  e.g.,  by  j)imcture  (piqQre),  may  increase  the  amount  of  urine 
(diabetes  insipidus),  which  is  sometimes  accomi)anied  by  the  simultaneous  appear- 
ance of  albumin  and  blood  in  the  urine  (CI.  Bernard).  Section  of  the  parts  which 
lie  directly  in  the  course  of  these  fibres,  as  they  pass  from  their  centre  to  the  kidney, 
producer  tlie  same  effects.  Close  to  this  centre  in  the  medulla  lies  the  centre  for 
the  vaso-motor  nerves  of  the  liver,  whose  injury  causes  diabetes  mellitus  (§  175). 
Eckhard  found  that  stinuilation  of  the  vermiform  process  of  the  cerebellum  produced 
hydruria.  In  man,  stimulation  of  these  parts  by  tumours  or  inflammation,  <fec.^ 
I)roduces  similar  results. 

2.  Paralysis  of  Limited  Vascular  Areas. — If,  simultaneously  with  the  paralysis 
of  the  nerves  of  the  renal  artery,  the  nerves  of  a  neighbouring  large  vascular  area 
be  paralysed,  necessarily  the  blood-pressure  in  the  renal  artery  area  will  not  be  so 
high,  as  more  blood  flows  into  the  other  paralysed  province.  Under  these  circum- 
stances, there  may  be  only  a  temporary,  or,  indeed,  no  increase  of  urine,  provided 
the  paralysed  area  be  sufticiently  large.  There  is  a  moderate  increase  of  urine  for 
several  hours  after  section  of  the  splanchnic  nerve.  This  nerve  contains  the  renal 
vaso-motor  nerves  (which,  in  part  at  least,  leave  the  spinal  cord  at  the  first  dorsal 
nerve  and  pass  into  the  sympathetic  nerve),  but  it  also  contains  the  vaso-motor 
nerv(js  for  the  large  area  of  the  intestinal  and  abdominal  viscera.  Stimulation  of 
this  nerve  has  the  opposite  effect  (CI.  Bernard,  Eckhard).  [The  polyuria  thus 
produced  is  not  so  great  as  after  section  of  the  renal  nerves,  because  the  splanchnic 
supplies  such  a  large  vascular  area,  that  much  blood  accumulates  in  that  area,  and 
also  because  all  the  renal  nerves  do  not  run  in  the  splanchnics.] 

3.  Paralysis  of  Large  Areas. — If,  simultiineously  with  paralysis  of  the  renal 
nerves,  the  great  majority  of  the  vaso-motor  nerves  of  the  body  be  paralysed  [as  by 
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section  of  the  nicilulla  olilungjila],  tli*?n,  owing  Uj  the  grtnt  tUliitjition  of  nil  tho«e 
vessol^j  the  hlooil-pressvire  falls  at  om^o  tlirongliout  the  arterial  Bystein.  The  result 
of  this  miiy  hi\  i>rovided  the  jJie^Hure  is  siilh(!it'iitly  low^  that  there  is  a  great  tlecreaa© 
or,  it  may  he,  entire  cessation  of  the  -secretion  of  iiriiie.  The  secret itm  is  arrested 
wh**n  the  eervical  cord  is  eoiiipletely  divided,  ilowii  even  ils  far  aa  the  seventh 
cervical  vertclirtt  (AV;Ma/v/).     Tlie  indviiria  eanscil  by  injury  to  the  flcrar  of  the 

ftjurth  \'entriele  at  once 
disajipears  when  tlie 
spinal  votd  (even  down 
ro  the  twelfth  dorsal 
nerve)  h  divided. 
[  4 .  Other  Conditions. 

Ah  alrejuly  stated, 
>tM  tion  of  the  rejiai 
ni*rvc8  h  followed  by 
j  iilyuriii,  owing  to  the 
increased  pressure  in 
^Sitt^J".   \V  '^^      \^^^^^^^BIiHf(£.  ^^^^  i^lomentli,  hut  Um 

"  "'^w-.  *«*?|^^^HiK^^B^^^^^w  creased  hy  stininlatiiig 

the  spinal    cord    l>elow 

the  niedidln  oblongata, 

Ijecanse  the  contraction 

of     the     hlocH^  *  \eftsels 

throughout  the  hody  Htill  further  raij^es  the  hlood-i>reHsure  within  the  glonjcruli. 

If,  however^  the  H]>irjal  cord  l»e  divided  helow  the  medulla  oblongata— the  renal 

nerve  being  nho  divided— Lhc  ]iolyuria  eeases,  hecaui^e  of  the  fall  of  the  general 

blood-preaaure  thereby  prcMluced,     Division  of  the  s|>inal  cord  iu  the  dorsal  n^giou 


Fig.  347. 

View  of  renal  oncometer ;  the  small  one  ia  shown  ojh^h. 


Fig,  348.  Fig.  349. 

Fig.  348, — Oncomet4*r.  K,  kiilney  ;  llic  thick  line  ia  llie  metfdUc  c«i«ul<?  ;  h^  hinge  ;  1,  iuW 
for  filling  apcioraluft  ;  T,  tuln*  Ui  contivct  with  T,  ;  a,  t\  w,  artery,  vnn,  iiretur  {Stirliny^ 
after  Koy).  Fig.  349.  — Oncof^raph.  C\  chaiiilx  r  Ullcd  with  oil,  conunnnicating  by  Tj  with 
T  ;  Pf  piston  ;  f,  writingdtJVtT  {^tirliii^,  aptr  Rmj). 

also  ibminidiea  or  arrests  the  secretion  of  urine,  owing  to  the  fall  of  the  bloo<l- 
pressure  ;  hut  aniuiiak  recover  frt>in  thi.s  ojieration,  the  geiieni!  blcKxb pressure  tisea^ 
and  witli  it  the  secretion  of  urine.  Stinndation  of  the  eonl  Indow  the  meilulla 
arrests  the  seeretiou,  as  it  cnuses  contraction  of  the  renal  arteriew  along  witli  the 
other  arteries  of  the  liody.] 
[Volume  of  the  Kidney— Oncometer,— By  means  of  the  plethysmograph  (§  101) 


Sec.  276/ 


ONCDMETEIl. 


53/ 


we  can  measure  tiio  ViinutiLUiH  in  thi*  bu*^  of  n  Vuuh,  whiJo  hy  tbn  oncoj^Taiili  {6yKo^, 
volinne)  similar  vaiiationB  in  tlm  volume  of  the  ^iileeu  are  iiieaHurLMl  (§  103),  Roy 
and  Cohnheini  have  mta,sureil  the  variations  in  the  volnnict  of  the  kidntry  l)y  me[iiis 
of  an  inn  t  nun  en  t  whieh  eons  i  sis  of  two  parts,  one  tK^rmetl  tlie  oncometer  m*  reiial 
pletliysmometer,  in  whith  the  organ  i.s  cncloaetl,  while  the  other  part  is  the 
regis  be  riug  portion  oj-  oncograph.  The  kiihiey  is  en  closed  in  a  kidney-shjii'ed 
metalJie  capf^nlc  (figs.  347,  348),  oom|H;>sed  of  two  halves  which  move  on  the 
hinge,  k^  to  introiln*'i*  tlie  organ.  The  reiinl  vess*!l8  juiss  out  at  a,  t\  The  kidnt^y 
is  snrrounded  with  a  thin  ineinlirane,  and  between  this  nieml>raiie  and  tlui  imier 
siirfaee  of  tluj  eapide  it^  a  sjiace  tilled  with  warm  oH  throngh  the  tnlK-,  I,  which  is 
closed  hy  meanw  of  a  stot)-eoek  after  the  siwice  is  filled  witli  oiL  The  tul>o  T  can 
be  made  to  coinmnnicate  with  another  tnl>e,  T^  leading  int(»  a  met*dlie  chamber, 
C,  of  the  ancogrn|ih  (tig.  349),  which  is  provided  with  a  movable  |Hston»  }\ 
attached  hy  a  tlnvnd  to  tlie  writing-Iever,  L  Any  incrcsise  in  the  size  of  the  organ 
exiMda  oil  from  the  chamher,  O,  into  C,  and  thns  the  [list on  is  raisetl,  while  a 
diniinntion  in  the  size  of  the  kitincy  diminislies  the  fluid  in  C\  and  tlie  lever  falls. 
The  actual  voknae  of  the  living  kidney  ik-fiends  u|»r»n  the  stiite  of  dist-ention  of 
its  structural  elements,  upi>n  the  amount  of  lynn»h  in  its  lynlJ^h-space^J  Init  (^hietly 
upon  the  auiount  uf  hloiHl  in  its  bloo<i-vessels,  and  tlii.-^  again  must  depend  uiw>n 
the  condition  of  the  non-striped  inns^eles  in  the  renal  iirterios.  When  the  vessels 
dilate,  tlie  kidney  increases  in  size,  and  when  they  contract  it  contracts^  &0  that 
we  am  register  on  tlie  same  revolving  cylinder  the  variations  of  the  volume  at  the 
same  time  that  ue  record  the  general  arterial  bloiHbpressnre.] 

[In  the  normal  circulation  througli  the  kidne)',  tlie  kiibiey-curve,  t.e,,  the  curve 
of  the  vohnne  af  the  kidney,  nvns  ]iarallrl  with  the  lilood-pres^ure  curve,  and  shows 
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the  large  mspinitory  umhilationa,  as  well  m  the  smaller  elevatirais  due  to  the  systole 
Mf  the  heart  (fig.  350).  In  thia  respect  it  dificrs  slmrply  from  a  i^pleen-ciirve 
(fig.  140).  llKnally,  when  the  hhw  id -pressure  fall?*,  the  kidney-curve  sinks,  and 
when  the  blood -firc^s tire  riscH  the  volume  of  the  kidney  increasert.  When  the 
t>lofKhi»ressure  enrve  m  ct)midicated  by  TraulM-llering  waven  (S  ^*5)  the  offpo»iie 
etfcct  is  produci  d  on  the  kidney-enrvt^  ;  the  liigheat  blood-ia ensure  corresimndH  to 
the  fiinallest  size  of  tlic  kidney,  and  convei-sely.  This  is  due  to  the  fact  that, 
when  tliese  curves  rH-eur,  all  tin'  small  arterioles,  including  thoHc  in  the  kidney, 
an^  contracted,  A  kidney  pla^inl  in  an  oncometer  Bceretcs  nrinc  like  a  kidney 
under  natural  conditions.] 

[Arrest  of  the  reapiratiou  in  a  curarit^ed  animad  produces  a  rapid  and  groat 
diminution  o£  the  vohum*  of  the  kidney,  caased  l>v  the  venous?  blood  stimulating  the 
vaso-motor  centres,  and  thn>s  contracting  the  small  arterioles,  including  those  of  the 
kidncjy.  This  result  occurs  whether  one  or  lx>th  splanchnics  are  divided,  i>roving 
that  all  the  vasomotor  nerves  of  the  kidney  tlo  not  reach  it  through  the  sjdaneh- 
nics.     When  a// the  renal  wnxi^A  at  the  hihmi  are  divided^  arrest  of  the  respimtion 
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causes  dilatation  of  the  organ,  which  condition  runs  parallel  with  the  rise  of  the 
blood-pressure.  Stimulation  of  a  sensory  nerve,  e.g.,  the  central  end  of  the 
sciatic  nervcy  while  causing  an  increase  of  the  blood-pressure,  makes  the  kidney 
shrink.] 

.  [In  poisoning  with  strychnin,  the  kidney  shrinks  while  the  blood-pressure  rises. 
Stimulation  of  the  central  or  peripheral  end  of  the  splanchnics,  divided  at  the 
diaphragm,  causes  contraction  of  the  renal  vessels  of  both  sides ;  the  former  is  a  re- 
flex, the  latter  a  direct  effect.  Stimulation  of  the  peripheral  end  of  oiu  splanchnic 
sometimes  affects  both  kidneys.  Stimulation  of  the  peripheral  end  of  the  renal 
nerves  always  causes  a  diminution  in  the  volume  of  the  kidney,  so  that  Colinheim 
and  Roy  inferred  that,  although  there  was  evidence  of  the  existence  of  vaso-motor 
and  sensory  nerves  to  the  kidney,  they  found  none  of  vaso-dilators.  Each  kidney 
acts  independently  of  the  other.  Sudden  compression  of  one  renal  artery  has  not 
the  slightest  effect  \\\wn  the  blood-current  of  the  other  kidney.  If  a  kidney  l)e 
exposed  in  an  animal,  by  makuig  an  incision  in  the  lumbar  region,  on  stimulating 
the  medulla  oblongata  directly  with  electricity,  we  may  observe  the  kidney  itself 
becoming  paler,  the  pallor  appearing  in  a  great  many  small  spots  on  the  surface  of 
the  organ,  corresponding  to  the  distribution  of  the  interlobular  arteries.] 

[Colinheim  showed  that  the  chemical  composition  of  the  blood  has  a  remark- 
able effect  on  the  renal  circulation,  the  kidney  being  very  sensitive  to  such  changes 
in  the  composition  of  the  blooil.  Some  substances  (water  and  urea),  when  injected 
into  the  blood,  cause  the  kidney  first  to  shrink  and  then  to  expand,  while  sodic 
acetate  dilates  the  kidney,  even  after  all  the  renal  nerves  are  divided — an  operation 
which  is  very  difficult  indeed.  Provided  all  the  renal  nerves  be  divided,  these 
effects  would  indicate  the  existence  of  some  local  intra-renal  vaso-motor  mechanism 
governing  the  renal  blood-vessels.  The  general  blood-pressure  is  not  thereby 
modified ;  nor  need  we  wonder  at  this,  as  ligature  of  one  renal  artery  does  not 
increase  the  pressure  in  the  aorta.] 

[Vaso-constrictor  and  vaso-dilator  nerves  to  kidney. — Rose  and  Bradford,  by 
enclosing  the  kidney  of  a  dog  in  an  oncometer-tube  confirmed  the  view,  that  not 
only  are  the  kidneys  well  supplied  with  vaso-constrictor  fibres,  but  that  they 
also  receive  vaso-dilator  fibres.  The  vaso-constrictor  fibres  leave  the  spinal  cortl 
(dog)  by  the  anterior  roots  of  the  spinal  nerves  as  high  as  the  6th  dorsal,  and  as 
low  as  the  2nd  lumbar,  (or  even  4th);  but  by  stimulating  the  peripheral  end  of  each 
nerve-root  singly,  and  observing  the  effect  on  the  volume  of  the  kidney,  it  has  been 
shown  that  the  largest  number  pass  out  by  the  11th,  12th,  and  13th  dorsal  nerves. 
From  the  anterior  roots  they  enter  the  corresponding  ganglia  of  the  sympathetic, 
they  enter  the  solar  plexus,  and  pass  via  the  renal  plexus  into  the  kidney.  Some 
api)arently  do  not  enter  the  splanchnic  nerve.  Vaso-constrictor  nerves  are  l)est 
excited  by  rapid  electrical  stimulation.] 

[Vaso-dilator  fibres. — It  is  a  peculiarity  of  vaso-dilator  fibres  that  they  are  best 
excited  by  slow  rhythmical  stimulation  (§372)  (2-5  shocks  per  sec),  and  if  the 
peripheral  end  of  the  anterior  roots  of  certiiin  of  these  nerves  be  stinmlated  the 
kidney  dilates,  showing  that  these  nerves  contain  vaso-dilator  as  well  as  vaso-con- 
strictor fibres  and  the  vasodilators  seems  to  take  the  same  course  as  the  constric- 
tors, Ijeing  most  abundant  in  the  11th,  12th,  and  13th  dorsal  nerves.] 

[The  reciprocal  relation  between  the  skin  and  the  kidneys  is  known  to  every 
one.  On  a  cold  day,  when  the  skin  is  pallid,  owing  to  contraction  of  the  cutaneous 
vessels,  the  amount  of  urine  secreted  is  great,  and  conversely,  in  summer  less  urine 
is  passed  than  in  winter.  Washing  the  skin  of  a  dog  for  two  minutes  with  ice- 
cohl  water  ciiuses  a  great  contraction  of  the  kidney.] 

The  perfusion  of  blood  through  a  living  excised  kidney,  t.^'.,  a  '^  surviving 
kidney,"  is  materially  influenced  by  the  substances  mixed  with  the  blood  perfused. 
This  effect  may  in  part  be  due  to  the  action  of  these  chemical  ingredients  uik>u  the 
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nuclei  of  the  endothelial  lining  of  the  blood-vessels,  especially  the  capillaries,  or 
the  effects  upon  the  muscular  iibres  of  the  blood-vessels. 

[Strychnin  seems  to  cause  contraction  of  tlie  renal  vessels,  independently  of  its  action  on  the 
general  vaso-motor  centre.  Brunton  and  Power  found  that  digitalis  caused  an  increase  of  the 
blood -pressure  (dog),  but  the  secretion  of  urine  was  eitlier  at  the  same  time  diminished,  or  it 
ceased  altogether.  The  latter  result  was  due  to  contraction  of  the  renal  blood-vessels,  but  when 
tlie  aortic  blood- pressure  began  to  fall,  the  amount  of  urine  secreted  rose  much  above  normal 
i.  <?.,  when  the  arteries  had  begun  to  relax.] 

During  fever,  the  renal  vessels  are  probably  contracted  in  consequence  of  the  stimulation  of 
the  renal  centre  by  the  abnormally  warm  blood  {Mendelsohn), 

The  repeated  respiration  of  CO  is  said  to  produce  polyuria,  perhaps  in  consequence  of 
l»:iralysis  of  the  renal  vaso-motor  centre. 

Action  of  the  Vagus.  — According  to  CI.  Bernard,  stimulation  of  the  vagus  at  the  cardia  in- 
creases the  urinary  secretion,  while  at  the  same  time  the  blood  of  the  renal  vein  becomes  red. 
This  nerve  may  contain  vaso-dilator  nerve-fibres  corresponding  to  the  fibres  in  the  facial  nerve 
for  the  salivary  glands  (§  145). 

According  to  Arthaud  and  Butte,  stimulation  of  the  peripheral  end  of  the  vagus  diminishes 
the  blood-stream  in  the  kidney  and  the  secretion  of  urine.  Atropin,  however,  prevents  this 
from  taking  place.  The  vagus,  therefore,  would  api)ear  to  contain  some  vaso-motor  fibres  for 
the  kidney.  Stimulation  of  tlie  cervical  sympathetic  also  diminishes  the  secretion.  This 
seems  to  be  due  to  a  reflex  effect  through  the  spinal  coixl  affecting  the  splanchnics  {Masiits). 

TTI.  UElEailA— AMMONLffiMIA.— SymptoniB  of  Uwemia.— After  excision  of  the  kidneys, 
nephrectomy,  or  ligature  of  the  ureter  ;  in  man  also,  as  a  result  of  certain  diseased  conditions 
of  the  kidney,  leading  to  the  suppression  of  the  secretion  of  urine,  there  is  developed  a  series  of 
characteristic  symptoms  which  are  followed  by  death.  The  condition  is  called  urremic  intoxi- 
cation, or  uraemia.  There  are  marked  cerebral  phenomena,  drowsiness,  and  deep  coma,  and 
occasionally  local  or  more  general  spasms.  Sometimes  there  is  delirium;  Cheyne-Stokes* 
phenomenon  is  often  observed  (§  111,  II.),  and  there  may  be  vomiting  and  diarrhoea,  while  in 
the  fluids  voided,  as  well  as  in  the  expired  air,  ammonia  may  sometimes  be  detected. 

The  cause  of  these  phenomena  has  been  ascribed  to  the  retention  in  the  blootl  of  those  sub- 
stances which  normally  are  excreted  by  the  urine,  but  as  yet  it  has  not  been  definitely  ascer- 
tained which  of  these  substances  causes  the  phenomena  : — 

1.  The  first  thought  is  to  ascribe  them  to  the  retention  of  the  urea.  V.  Voit  found  that 
dogs  exhibited  uraMuic  symptoms  if  they  were  fed  for  a  long  time  on  food  containing  urea  and 
little  water.  Meissner  found  that  in  nephrectomised  animals  the  urnemic  symptoms  were 
hastened  by  the  injection  of  urea  into  the  blood.  The  injection  of  a  moderate  amount  of  urea 
in  perfectly  healthy  animals  is  not  followed  by  uiwmic  symptoms,  ])robably  because  the  ui*ea 
is  rapidly  excreted  by  the  kidneys  ;  1  to  2  grams  [15  to  30  grains]  so  injected  produce 
comatose  symptoms  in  rabbits.  Dogs  died  in  convulsions  after  the  subcutaneous  injection  of  urea 
equal  to  1  per  cent,  of  their  body-weight.  Although  animals  die  with  convulsions  after  the 
injection  of  urea,  this  is  not  to  be  confounded  with  the  intermittent  convulsions  of  uriemic 
poisoning. 

2.  The  injection  of  ammonium  carbonate  produces  symptoms  resembling  those  of  uriemia,  so 
that  V.  Frerichs  thought  that  the  urea  was  decomposed  in  the  blood,  yielding  ammonium 
carbonate — ammonimmia.  Demjankow  observed  unemic  phenomena  after  nephrectomy,  if  at 
the  time  he  injected  urea-ferment  into  the  blood  (§  263).  rs  either  after  nephrectomy  alone,  nor 
with  simultaneous  injection  of  urea  into  the  blood,  has  any  ammonia  been  found  in  the  blood. 
It  seems,  therefore,  that  the  spontaneous  formation  of  urea  cannot  take  place  in  the  blood,  and 
it  cannot  be  the  cause  of  uraMuic  convulsions.  Feltz  and  Ritter  obtained  uiwmic  symptoms  in 
dogs  by  injecting  salts  of  ammonia  into  the  blood. 

8.  As  ligature  of  the  ureters  i)roduces  a  comatose  condition  in  those  animals  which  excrete 
chiefly  uric  acid  in  the  urine — e.g.,  birds  and  snakes  {Zalcsky)— it  is  i>ossible  that  other  sub- 
stances may  produce  the  poisonous  symptoms.  The  injection  of  kreatinin  causes  feebleness 
and  contraction  of  the  muscles  in  dogs  {Meissner).  Bernard,  Ti*aube,  and  more  recently  Feltz 
and  Ritter,  ascribe  the  symjitoms  to  an  accumulation  of  the  neutral  potassium  salts  in  the  blood 
(§  64).  Tlie  injection  of  kreatin,  succinic  acid  {Mcisstter),  mic  acid,  and  sodic  urate  {Ranke\  is 
without  effect.  Schottin  and  Oppler  ascribe  the  results  to  an  accumulation  of  normal  or  abnor- 
mal extractives.  It  is  possible  that  several  substances  and  their  decomposition-products 
contribute  to  jtroduce  the  result,  so  that  there  is  a  combined  action  of  several  factors,  but  per- 
haps the  retention  of  t\\Q  j)oUish  salts  plays  the  most  important  mrt. 

The  direct  application  of  some  urinary  substances  (kreatinin,  treatin,  acid  potassic  jdiosphate, 
urates)  to  the  surface  of  the  cerebnim  causes  all  the  symptoms  of  ui*aemia.  Urea  is  inactive, 
and  slightly  active  are  ammonium  and  sodic  carbonate,  leucin,  NaCl,  KCl  {Landois). 

[Alkaloids  in  Uiine. — Human  urine,  and  especially  febrile  urine,  when  injected  under  the 
skin  of  frogs  or  rabbits,  acti?  as  a  poison,  and  even  causes  death,  by  airesting  the  respiration. 
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The  Jtlkuloitls,  i\c.f  j>toiimine»  and  leucoiuaiiies,  neem  to  lie  formiwl  hy  tlie  iHtioii  of  vegetnblc 
organ i.Hm«  hi  llu«  intf'stiue,  whence  thoy  ai'i*  absorbed  iJito  the  lilocirl,  biuI  piws  into  tlif  urine 
(g  116).  Tbia,  liuwtvt-r,  is  deiiietl  by  sotiic  ubiservpi-s,  wlio  stiitc  that  nonujil  nrin«  is  free  from 
suL'h  Ijotiies.  Urine  rcurlerpfl  eolourle88  by  thaR-oal  Ume^  half  itw  toxic  |»oiiVt:rf  iiiul  the 
[>oi»«>iioiiH  miK^tanre  is  not  volatilo^  aii«i  evi^n  resists  ln3iliiig<  Tbtttc  alkaloids  iwe  increaeed  in 
the  urine  in  t\^|>lioid  bnei,  pinnmionia,  but  not  in  diabetes,] 

Uric  Acid  IhathealB. — iv^ien  too  nmeh  nitrogenous  food,  too  niufli  of  any  iilcohobf  lbii(J  h 
jierBKsteutlv  nseti,  and  little  naiscnkr  exerciKc  taken,  esi«<jially  if  the  iT«pji'ut4>ry  organs  me  in- 
tt^rft'red  uftb,  nric  arid  may  not  imfrcqnently  aeeunmlatn  in  the  blot>d  {flarroci).  it  mny  be 
difxPHited  in  the  jointn  and  their  ligaiiieut«,  e^iu'tiaHy  in  the  fuot  and  hand,  giving  rise  to  [tain* 
fid  ititiin^nmition,  and  rarniiiig  ^ont-stones  or  efi^lk -stones  [which  are  aeid- urates].  Th«  benrt, 
Uvir,  and  kidneys  are  rarely  uJiVLted,     Tlie  ti^Hue-s  ne;ir  these  deposirn  nndergw  necroais. 


27a  STEUCTUEE    AKD 


FUNCTIONS 

lair-- ^AdvcDtil  Li. 


iC-- 


^: 


1 


'n 


^V? 


OF     THE     UBETEE.— Mucous 

Membrane. — Tlie    jKdvis   of    tla* 

kitliiey  iviid  tlit'  iHvttT  are  liinnl  by 

a  mucous  membrane,  roosii^ting 

of   coiiJRM!iive-iissu(s  sunl   eovt*re<l 

with   i^i'V*?rfll    hyora   of    stratifie<l 

"  transitional "    n|iith<diMm    (fig. 

3'* 2).     Tlni    rolls   ar«    of   various 

sh!«]Hs,  thtiHe  vi  tiio  lowi'st  layvr 

,-     j^    boiiig  iisuully  iJiuro  or  hns  sjiheri- 

v44-    ,   ail  itiid  Riimll,  whilo  many  of  tht* 

U^'Jf         t'p^l*^  in   till*  «i*per  layers  are   ir- 


I 


rt'i^Iiilar  in  shape,  oft^eii  with  long 
prfR't'sses  iwissiiig  iiit4j  ihi*  deeper 
hivi-rs. 

Sub-mucosa.— ruder   tbf   qii- 
^ '£*,>>  tlnlittiii  ihtiv  is  i\  layer  of  ntionoid 

^^ '  I  i>is  I  \v  ( Hu  tt  i  hn  fffrr,  Oft  iff  ri),  w  ti  ic  h 

may  e*int^iio  Riuall  lyiiijdi-follieltw 

i'ig.  'iSifl.  [I'lnbrddi'il     iu     loowe    ctrniitM'tive* 

TmtJwvc>iT=t€  *seelion  of  the  lower  imit  id  homsin  nrrter,    tissue].       lu     the     JK-Ivis    of     the 

X  15.     I?    epithL-linni  ;  ^  tnidei  iiroprm ;  /r    su]..    klduov    and     ureter    tliere    are    u 

mumsa;iandrJonj.itudin»land.neidMhbt^s.       f^.^^,    ^^^^^^^^    ^^^^^^^    ^j^^^^^^     y^^^y 

by  a  single  hiy<'r  of  eoluiiiuar  C"[»itheliimi  (f/;uv/A,  £tjh). 

The  muscular  coat  tuui>i.^tii  oi  an  iuner  soiiHnvliat  Htrongii'  hiyer  of  fonffttudinctl 
CyiUuhkAi  non-stri[M'd  lihres,  and  an  outt^r  drcular 
layer  (tig.  3ol).  In  the  lowest  third  of  the 
ureter  there  are  in  addition  n  iiuujiH'r  of 
sea  tiered  imiKciilar  lil>re.H,  All  theso  layers 
are  .snnoiiuded  iUitl  supj^orteil  liy  coiuuxv 
tive-tissite.  The  outer  layers  of  thr  eojue-e- 
tive-tis,HUe  ftmn  sin  outer  coat  m  adveutitia, 
wliirh  eoiit^ubs  the  hirgf  vpsiiel**  and  nerves, 

Tlir   various   ioal<s  nf   the   tireter   can    W 

^#  "  '      •**  _/^  A^g  f«dhtwed  ufi  t-i>  tlie   [Mdvis  of  the  kidnr-y, 

*.<-\>',         —        — -s^  Tuiiira  and  to  it,s  ealiL-es.     Tlie  papillae  are  covered 

only  hy  the  mneoiis  nienibraue,  while  tho 

luuseidar  liiyer  ceaw»  at  the  ajx^x  of  the 

pyrnniids,  when'   iljey  are  tUsposetl  cinni- 

larly,  to  form  a  kind  of  jfpftincter  muscle 

for  eaeh  luipilla  {Hmh). 

The  blood  yeBsek  sntiply  the  variona  coat.'-,  and  rerni  a  eajdllniy  plexus  umler  lliu  epitholiwm. 

The  nerv&t  are  not  very  naaitroua^  hut   they  con  lain  niedullated  (few)  and   nou-ni«?ihUlaU^ 

fihrcB,  with  namcroua  gaugha  scattered  in  their  eoui-se.     They  are  |)artly  motonxu^i  anjiply  tlie 


tvi»tt<wyle. 


Fig.  352. 

Vertical  section  of  the  nineonn  aHinbtane 

of  a  human  bladder. 


1 
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Isolated  transitional  epithelium 
from  the  bladder  of  a  guinea- 
pig.  Some  of  the  large  cells 
lie  upon  the  summit  of  the 
columnar  and  caudate  cells, 
and  depressions  are  seen  on 
their  under  surface,  a,  a 
superficial  cell  seen  from  the 
side,  and  a'  from  below  ;  &, 
and  c,  cells  from  the  deeper 
layers,      x  300  {Stirling). 


muscular  layers,  and  some  pass  towards  the  epithelium,  and  are  sensory  and  excito-reflex  in  func- 
tion. These  nerves  are  excited  when  a  calculus  passes  along  the  ureter,  and  thus  give  rise  to 
severe  pain.  The  ureter  perforates  the  wall  of  tne  bladder  obliqiuhj.  The  inner  o])ening  is  a 
narrow  slip  in  the  mucous  membrane,  directed  downwards  and 
inwards,and  provided  with  a  pointed  valve-like  process  (fig.  354). 

Movement  of  the  Urine. — The  urine  is  propelled 
aloug  the  ureter  thus  : — (1)  The  secretion,  which  is 
continually  being  formed  under  a  high  pressure  in 
the  kidney,  propels  the  urine  onwards  in  front  of  it, 
as  the  urine  is  under  a  low  pressure  in  the  ureter.  (2) 
Gravity  aids  the  passage  of  tlie  urine  when  the  person 
is  in  the  erect  posture.  (3)  The  muscles  of  the  ureter 
contract  rhythmically  and  peristaltically,  and  so  propel 
it  towards  the  bladder.  This  movement  is  reflex,  and 
is  due  to  the  presence  of  the  urine  in  the  ureter. 
Every  three-quarters  of  a  minute  several  drops  of 
urine  pass  into  the  bladder.  But  the  fibres  may  alsc; 
be  excited  directly.  The  contraction  passes  along  the 
tube  at  the  rate  of  twenty  to  thirty  mm.  per  second, 
always  from  above  downwards.  The  greater  the 
tension  of  the  ureter  due  to  the  urine,  the  more  rapid 
is  the  peristaltic  movement. 

Local  Stimulation. — On  applying  a  stimulus  to  the  ureter 
directly,  the  contraction  passes  both  upwai*ds  and  downwards. 
Engelinann  observed  that  the  movements  occur  in  parts  of  the  ureter  where  neither  nerves  nor 
ganglia  were  to  be  found,  and  he  concluded  that  the  movement  was  propagated  by  **  muscular 
conduction."  If  this  be  so,  then  an  impulse  may  be  propagated  from  one  non-stripe<l  muscular 
cell  to  another  without  the  intervention  of  nerves  (see  Heart,  §  58,  1.,  3). 

Prevention  of  Reflux. 

— The  urine  is  pr(i vented 
from  exerting  a  backward 
pressure  towards  tht» 
kidneys: — (1)  The  urine 
which  collects  in  the  j)elvi.s 
of  the  kidney  is  under  a 
high  pressure,  and  thus 
tends  luiiformly  to  com- 
press the  pyramids  so  that 
the  urine  cannot  pass  into 
the  minute  orifices  of  the 
urinary  tubules.  ( 2)  When 
there  is  a*  considerable 
accumulation  of  urine  in 
a  ureter,  e.//.,  from  the 
presence  of  an  im],)acted 
calculus  or  other  cause, 
there  is  also  more  ener- 
getic peristalsis,  and,  at 
the  same  time,  the  circular 
muscular  fibres  roiuid  the 
apices  of  pyramids  com- 
press the  pyramids  and 
prevent  the  reflux  of  urine  through  the  collecting  tubules.  The  urine  is  prevented 
from  passing  back  from  the  bladder  into  the  ureter,  the  wall  of  the  bladder  itself, 
and  the  part  of  the  ureter  which  passes  through  it,  are  compressed,  so  that  the 


Fig.  364. 

Lower  part  of  the  human  bladder  laid  open,  showing  clear  part, 
or  trigone,  the  slit-like  openings  of  tlie  ureters,  the  divided 
ureters,  and  vesiculte  seminales;  the  sinus  prostaticus,  and  on 
each  side  of  it  the  openings  of  the  pjaculatory  ducts,  and 
below  both  numerous  small  apertures  of  the  prostatic  ducts. 
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edges  of  the  slit-like  opening  of  the  ureter  are  rendered  more  tense,  and  are  thus 
approxunated  towards  each  other  (fig.  354). 

279.  XJBINABT  BLADDEB  AND  UBETHBA.— Structure.— The  mucous 
membrane  of  the  bladder  resembles  that  of  the  ureter ;  the  upper  layers  of  the 
stratified  transitional  epithelium  are  somewhat  flattened  (fig.  354).  It  is  obvious 
that  the  form  of  the  cells  must  vary  with  the  state  of  distention  or  contraction 
in  the  bladder.  [The  mucous  membrane  and  muscular  coats  arc  thicker  than 
in  the  ureter.  There  are  mucous  glands  in  the  mucous  membrane,  especially 
near  the  neck  of  the  bladder.] 

Sub-mucous  Coat. — There  is  a  layer  of  delicate  fibrillar  connective-tissue  mixed 
with  elastic  fibres  between  the  mucous  and  muscular  layers. 

[The  serous  coat  is  continuous  with,  and  has  the  same  structure  as  the  peri- 
toneum and  it  covers  only  the  posterior  and  upper  Jialf  of  the  organ.] 

Musculature. — Non-striped  muscular  fibres  are  arranged  in  bundles  in  several 
layers,  an  externc^,  loiigitudinal  layer,  best  developed  on  the  anterior  and  jwsterior 
surfaces,  and  an  inner  circidar  layer.  [Between  these  two  is  an  oblique  layer.] 
There  are  other  bundles  of  muscular  fibres  arranged  in  different  directions. 
Physiologically,  the  musculature  of  the  bladder  represents  a  single  or  common 
hollow  muscle,  whose  function  when  it  contmcts  is  to  diminish  uniformly  the  size 
of  the  bladder,  and  thus  to  expel  its  contents  (§  306). 

The  blood- veaselfl  i*esemb]e  those  of  the  ureter.  The  nerves  form  a  plexus,  and  arc  placed 
partly  in  the  mucous  membrane  and  partly  in  the  muscular  coat,  and,  like  all  the  extra-renal 
parts  of  the  urinary  apparatus,  are  provided  with  ganglia,  lying  in  the  mucosa,  sub-mucosa, 
and  connected  to  each  other  by  fibres  {Maier).  Ganglia  occur  in  the  course  of  the  motor  nerve- 
fibres  in  the  bladder  ( JF.  IVolff).  Their  functions  are  motor,  sensory,  exdto-motor,  and  vaso- 
motor.    [Sympathetic  nerve-ganglia  also  exist  underneath  the  serous  coat  {F,  Dartmn).] 

A  too  minute  dissection  of  the  several  layers  and  bundles  of  the  musculature  of  the  bladder 
has  given  rise  to  erroneous  inferences.  Thus,  we  speak  of  a  detmsor  urine,  which,  however, 
consists  chiefly  of  fibres  running  on  the  anterior  and  posterior  surfaces,  from  the  vertex  to  the 
fundus.  There  does  not  seem  to  be  a  special  sphincter  veeicsB  intemus  ;  it  is  merely  a  thicker 
circular  (6  to  12  mm.)  layer  of  non-striped  muscle  which  surrounds  the  beginning  of  the 
urethra,  and  which,  from  its  shape,  helps  to  form  the  funnel-like  exit  of  the  bladder.  Numerous 
muscular  bundles,  connected  partly  with  the  longitudinal  and  partly  with  the  circular  fibres  of 
the  bladder,  exist,  especially  m  the  trigone,  between  the  orifice  of  the  ureters. 

In  the  female,  the  urethra  serves  merely  for  the  passage  of  urine.  The  mucous  membrane 
consists  of  connective-tissue  with  many  elastic  fibres,  and  jirovided  with  papillte.  It  is  covered 
by  stratified  epithelium  and  contains  several  mucous  glands  {LtUri),  Outside  this  is  a  layer 
of  longitudinal,  smooth,  muscular  fibres,  and  outside  this  again  a  layer  of  circular  fibres.  Many 
elastic  fibres  exist  in  all  the  layers,  which  are  traveled  by  numerous  wide  venous  channels. 

The  i)ropcr  sphincter  urethrse  is  a  transversfdy  stnped  muscle  subject  to  the  will, 
and  consists  of  comidetely  circular  fibres  which  extend  downwards  as  far  as  the 
middle  of  the  urethra,  and  partly  of  longitudinal  fibres,  which  extend  only  on  the 
posterior  surface  towards  the  base  of  the  bladder,  where  they  l)ecome"lost  between 
the  fibres  of  the  circular  layer. 

In  the  male  urethra,  the  epithelium  of  the  prostatic  part  is  the  same  as  that  in  the  bladder  ; 
in  the  membranous  portion  it  is  stratified,  and  in  the  cavernous  part  the  simple  cylindrical 
form.  The  mucous  membrane,  under  the  epithelium  itself,  is  beset  with  papill(B,  chiefly  in  the 
posterior  part  of  the  urethra,  and  contains  the  mucous  glands  of  Littre. 

Non -striped  muscle  occui*8  in  the  prostatic  part  arranged  longitudinally,  chiefly  at  the 
colliculus  seminalis  ;  in  the  membranous  portion  the  direction  of  the  fibres  is  chiefly  circular, 
with  a  few  longitudinal  fibres  intercalated  ;  the  cavernous  part  has  a  few  circular  fibres 
posteriorly,  but  anteriorly  the  muscular  fibres  are  single  and  placed  obliquely  and  longitudi- 
nally. 

Closure  of  the  Bladder. — The  so  called  internal  vesical  sphincter  of  the 
anatomists,  which  consists  of  non-stri[)ed  muscle,  is  in  reality  an  integral  jmrt  of 
the  muscular  coat  of  the  bladder,  and  surrounds  the  orifice  of  the  urethra  as  fai 
down  as  the  prostatic  jjortion,  just  above  the  colliculus  seminalis.     It  is,  however, 
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not  the  spliincter  muscle.  The  proper  sphincter  urethrsB  (sph.  vesicae  extemus) 
lies  below  the  latter.  It  is  a  completely  circular  muscle  disposed  around  the 
urethra,  close  above  the  entrance  of  the  urethra  into  the  septum  urogenitale  at  the 
apex  of  the  prostate,  where  it  exchanges  fibres  with  the  deep  transverse  muscle  of 
the  peiinaeum  wliich  lies  under  it. 

Some  longitudinal  fibres,  which  run  along  the  upper  niargiu  of  the  prostate  from  the  bladder, 
belong  to  this  sphincter  muscle.  Single  transverse  bundles  passing  forward  from  the  surface  of 
the  neck  of  the  bladder,  the  transverse  bands  which  lie  within  the  prostate,  the  apex  of  the 
colliculns  serainalis,  and  a  strong  transverse  bundle  passing  in  front  of  the  origin  of  the  iirethra 
into  the  substance  of  the  prostate — all  belong  to  tne  sphincter  muscle  {Henle).  In  the  male 
urethi-a,  the  blood-vessels  form  a  rich  capillary  plexus  under  the  epithelium,  below  which  is  a 
wide-meshed  lympluUic  plexus. 

[TonuB  of  Sphincter  IJret^rsB.  — Open  the  abdomen  of  a  rabbit,  ligature  one  ureter,  tie  a 
cannula  in  the  other,  and  pour  water  into  the  bladder  until  it  runs  out  through  the  urethra, 
which  usuallv  occure  under  a  pressure  of  16  to  20  inches.  If  the  spinal  cord  be  divided  between 
the  fifth  and  seveuth  lumbar  vertebra;,  a  column  of  6  inches  is  sufficient  to  overcome  the 
resistance  of  the  sphincter,  while  section  at  the  fourth  lumbar  vertebra  has  no  effect  on  the 
height  of  the  pressure.  In  such  an  animal  the  bladder  becomes  distended,  but  in  one  with  its 
cord  divided  between  the  fifth  and  seventh  lumbar  vertebrae,  there  is  incontinence  of  urine — 
in  the  former  case  because  the  excito-motor  impulses  are  cut  off  from  the  centre  (6  to  7 
vert.),  and  iu  the  latter  because  the  tonus  of  the  sphincter  is  destroyed  {Kupressow),  This 
tonus  is  denied  by  Landois  and  others.] 

280.  ACCUMULATION  OF  UBINE— MICTURITION.— After  emptying  the 
bladder,  the  urine  slowly  collects  again,  the  bladder  being  thereby  gradually  dis- 
tended. [A  healthy  bladder  may  be  Siiid  to  be  full  when  it  contains  20  oz.]  As 
long  as  there  is  a  moderate  amount  of  urine  in  the  bladder,  the  elasticity  of  the 
elastic  fibres  suiTounding  the  urethra,  and  that  of  the  sphincter  of  the  urethra  (and 
in  the  male  of  the  prostate),  suffice  to  retain  the  urine  in  the  bladder.  This  is 
shown  by  the  fact  that  the  urine  does  not  escape  from  the  bladder  after  death.  If 
the  bladder  be  greatly  distended  (1*5  to  1*8  litre),  so  that  its  apex  projects  above 
the  pubes,  the  sensory  nerves  in  its  walls  are  stimulated  and  cause  a  feeling  of  a 
full  bladder,  while  at  the  same  time  the  urethral  opening  is  dilated,  so  that  a  few 
drops  of  urine  pass  into  the  beginning  of  the  urethra,  l^esides  the  subjective 
feeling  of  a  full  bladder,  this  tension  of  the  walls  of  the  bladder  causes  a  reflex 
efiect,  so  that  the  urinary  bladder  contracts  periodically  upon  its  fluid  contents, 
and  so  do  the  sphincter  of  the  urethra  and  the  muscular  fibres  of  the  urethra,  and 
thus  the  urethra  is  closed  against  the  passage  of  these  drops  of  urine.  As  long  as 
the  pressure  within  the  bladder  is  not  very  high,  the  reflex  activity  of  the  trans- 
versely striped  sphincter  overcomes  the  other  (as  during  sleep) ;  but  as  the  pressure 
rises  and  the  distention  increases,  the  contraction  of  the  walls  of  the  bladder  over- 
comes the  closure  produced  by  the  sphincter,  and  the  bladder  is  emptied,  as  occurs 
normally  in  young  children. 

As  age  advances,  the  sphincter  urethrae  comes  under  the  control  of  the  will,  so 
that  it  can  be  contracted  voluntirily,  as  occurs  in  man  when  he  forcibly  contracts 
the  bulbo-cavernosus  muscle  to  retain  urine  in  the  bladder.  The  sphincter  ani 
usually  contracts  at  the  same  time.  The  reflex  activity  of  the  sphincter  may  also 
be  inhibited  voluntarily,  so  that  it  may  be  completely  relaxed.  This  is  the  con- 
dition when  the  bladder  is  emptied  voluntarily. 

Slight  movements,  confined  to  the  bladder,  occur  during  psychical  or  emotional  disturbances 
{e.g.f  anger,  fear),  [the  bladder  may  be  emptied  involuntarily  during  a  fright],  after  stimulation 
of  sensory  nerves,  auditory  im))ression8,  restraining  respiration,  and  by  arrest  of  the  heart's 
action.  There  arc  slight  periodic  variations  coincident  with  variations  in  the  blood-pressure. 
The  contractions  of  the  bladder  cease  after  deep  inspiration,  and  also  during  apnoea  {Alosso  and 
Fellacani).  The  excised  bladder  of  the  frog,  and  even  portions  free  from  ganglia,  exhibit 
rhythmical  contractions,  which  are  increased  by  heat  {Pfalz).  [Ashdown  found  in  dogs  that 
the  bladder  exhibits  regular  rhythmical  contractions,  which  were  influenced  by  the  degree  of 
distention  of  the  bladder,  being  most  marked  with  moderate  dilatation  and  least  when  the 
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edges  of  the  slit-like  opening  of  the  ureter  are  rendered  more  tense,  and  are  thus 
approximated  towards  each  other  (fig.  354). 

279.  UBINABY  BLADDEE  AND  UBETHBA.— Structure.— The  mucous 
membrane  of  the  bladder  resembles  that  of  the  ureter ;  the  upper  layers  of  the 
stratified  transitional  epithehum  are  somewhat  flattened  (fig.  354).  It  is  obvious 
that  the  form  of  the  cells  must  vary  with  the  state  of  distention  or  contraction 
in  the  bladder.  [The  mucous  membrane  and  muscular  coats  are  thicker  than 
in  the  ureter.  There  are  mucous  glands  in  the  mucous  membrane,  especially 
near  the  neck  of  the  bladder.] 

Sub-mucous  Coat. — ^There  is  a  layer  of  delicate  fibrillar  connective-tissue  mixed 
with  elastic  fibres  between  the  mucous  and  muscular  layers. 

[The  serous  coat  is  continuous  with,  and  has  the  same  structure  as  the  peri- 
toneum and  it  covers  only  the  posterior  and  upper  Jialf  of  the  organ.] 

Musculature. — Non-striped  muscular  fibres  are  arranged  in  bundles  in  several 
layers,  an  external  longitudinal  layer,  best  developed  on  the  anterior  and  posterior 
surfaces,  and  an  inner  circular  layer.  [Between  these  two  is  an  oblique  layer.] 
There  are  other  bundles  of  muscular  fibres  arranged  in  different  directions. 
Physiologically,  the  musculature  of  the  bladder  represents  a  single  or  common 
hollow  muscle,  whose  function  when  it  contracts  is  to  diminish  uniformly  the  size 
of  the  bladder,  and  thus  to  expel  its  contents  (§  306). 

The  blood-vesselB  resemble  those  of  the  ureter.  The  nerves  form  a  plexus,  and  arc  placed 
partly  in  the  mucous  membrane  and  partly  in  the  muscular  coat,  and,  like  all  the  extra-renal 
parts  of  the  urinary  apparatus,  are  provided  with  ganglia,  lying  in  the  mucosa,  sub-mucosa, 
and  connected  to  each  other  by  fibres  {Mater).  Ganglia  occur  in  the  course  of  the  motor  nerve- 
fibres  in  the  bladder  (  JF.  Wolff).  Their  functions  are  motor,  Bensory,  exdto-motor,  and  vaao- 
motor.     [Sympathetic  nerve-ganglia  also  exist  underneath  the  serous  coat  {F.  ZMrtrin).] 

A  too  minute  dissection  of  the  several  layers  and  bundles  of  the  musculature  of  the  bladder 
has  i^vcn  rise  to  erroneous  inferences.  Thus,  we  speak  of  a  detnuor  urinfB,  which,  however, 
consists  chiefly  of  fibres  running  on  the  anterior  and  posterior  surfaces,  from  the  vertex  to  the 
fundus.  There  does  not  seem  to  be  a  special  sphincter  vesica  intemos  ;  it  is  merely  a  thicker 
cii-cular  (6  to  12  mm.)  layer  of  non-striped  muscle  which  surrounds  the  beginning  of  the 
urethra,  and  which,  from  its  shape,  helps  to  form  the  funnel-like  exit  of  the  bladder.  Naroerous 
muscular  bundles,  connected  partly  with  the  longitudinal  and  partly  with  the  circular  fibres  of 
the  bladder,  exist,  especially  in  the  trigone,  between  the  orifice  of  the  ureters. 

In  the  female,  the  urethra  serves  merely  for  the  passage  of  urine.  The  mucous  membrane 
consists  of  connective-tissue  with  many  elastic  fibres,  and  provided  with  papillre.  It  is  covered 
by  stratified  epithelium  and  contains  several  mucous  glands  {LiUri).  Outside  this  is  a  layer 
of  longitudinal,  smooth,  muscular  fibres,  and  outside  this  again  a  layer  of  circular  fibres.  Alany 
elastic  fibres  exist  in  all  the  layers,  which  arc  traversed  by  numerous  wide  venous  channels. 

The  proper  sphincter  urethrSB  is  a  transversdy  driped  muscle  subject  to  the  will, 
and  consists  of  completely  circular  fibres  which  extend  downwards  as  far  a«  the 
middle  of  the  urethra,  and  partly  of  longitudinal  fibres,  which  extend  only  on  the 
posterior  surface  towards  the  base  of  the  bladder,  where  they  l)ecome"  lost  between 
the  fibres  of  the  circular  layer. 

In  the  male  urethra,  the  epithelium  of  the  prostatic  part  is  the  same  as  that  in  the  bladder  ; 
in  the  membranous  portion  it  is  stratified,  and  in  the  cavernous  part  the  simple  cylindrical 
form.  The  mucous  membrane,  under  the  enithelium  itself,  is  beset  with  papUlce^  chiefly  in  the 
l)Osterior  part  of  the  urethra,  and  contains  the  mucous  glands  of  Littre. 

Non-striped  muscle  occui-s  in  the  prostatic  part  ari-an^ed  longitudinally,  chiefly  at  the 
colliculus  seminalis  ;  in  the  membranous  portion  the  direction  of  the  fibres  is  chiefly  circular, 
with  a  few  longitudinal  fibres  intercalated  ;  the  cavernous  part  has  a  few  circular  fibres 
posteriorly,  but  anteriorly  the  muscular  fibres  are  single  and  placed  obliquely  and  longitudi- 
nally. 

Closure  of  the  Bladder. — The  so  called  internal  vesical  sidiincter  of  the 
anatomists,  which  consists  of  non-strii)e(l  muscle,  is  in  reality  an  integral  part  of 
the  muscular  coat  of  the  ])ladder,  and  surrounds  the  orifice  of  the  urethra  as  far 
down  as  the  prostatic  jiortion,  just  above  the  colliculus  seminalis.     It  is,  however, 
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not  the  sphincter  muscle.  The  proper  sphincter  urethrsB  (sph.  vesicae  extemus) 
lies  below  the  latter.  It  is  a  completely  circular  muscle  disposed  around  the 
urethra,  close  above  the  entrance  of  the  urethra  into  the  septum  urogenitale  at  the 
apex  of  the  prostate,  where  it  exchanges  fibres  with  the  deep  transverse  muscle  of 
the  peiinaeum  which  lies  under  it. 

Some  longitudinal  fibres,  which  run  along  the  upper  margin  of  the  prostate  from  the  bladder, 
belong  to  this  sphincter  muscle.  Single  transverse  bundles  passinc;  forward  from  the  surface  of 
the  neck  of  the  bladder,  the  transverse  bands  which  lie  within  the  prostate,  the  apex  of  the 
coUicuhis  serainalis,  and  a  strong  transverse  bundle  passing  in  front  of  the  orijnn  of  the  urethra 
into  the  substance  of  the  prostate — all  belong  to  tiie  sphincter  muscle  (Henle),  In  the  male 
urethra,  the  blood-vessels  form  a  rich  capillary  plexus  under  tlie  epithelium,  below  which  is  a 
wide-meshed  lymphaiic  plexus. 

[Tonus  of  Sphincter  Urethne.  — Open  the  abdomen  of  a  rabbit,  ligature  one  ureter,  tie  a 
cannula  in  the  other,  and  pour  water  into  the  bladder  until  it  runs  out  through  the  urethra, 
which  usuallv  occurs  under  a  pressure  of  16  to  20  inches.  If  the  spinal  cord  be  divided  between 
the  fifth  and  seventh  lumbar  vertebra*,  a  column  of  6  inches  is  sufficient  to  overcome  the 
resistance  of  the  sphincter,  while  section  at  the  fourth  lumbar  vertebra  has  no  effect  on  the 
heijfht  of  the  pressure.  In  such  an  animal  the  bladder  becomes  distended,  but  in  one  with  its 
cord  divided  }>etween  the  fifth  and  seventh  lumbar  vertebrre,  there  is  incontinence  of  urine — 
in  the  former  case  because  the  excito-motor  impulses  are  cut  off  from  the  centre  (5  to  7 
vert. ),  and  in  the  latter  because  the  tonus  of  the  sphincter  is  destroyed  (Kupressow),  This 
tonus  is  denied  by  Landois  and  others.] 

280.  ACCUMULATION  OF  UEINE—MICTUEITION.— After  emptying  the 
bladder,  the  urine  slowly  collects  again,  the  bladder  being  thereby  gradually  dis- 
tended. [A  healthy  bladder  may  be  said  to  be  full  when  it  contains  20  oz.]  As 
long  as  there  is  a  moderate  amount  of  urine  in  the  bladder,  the  elasticity  of  the 
elastic  fibres  surrounding  the  urethm,  and  that  of  the  sphincter  of  the  urethra  (and 
in  the  male  of  the  jn-ostate),  suffice  to  retain  the  urine  in  the  bladder.  This  is 
shown  by  the  fact  that  the  urine  does  not  escape  from  the  bladder  after  death.  If 
the  bladder  be  greatly  distended  (1*5  to  1*8  litre),  so  that  its  apex  projects  above 
the  pubes,  the  sensory  nerves  in  its  walls  arc  stimulated  and  cause  a  feeling  of  a 
full  bladder,  while  at  the  same  time  the  urethral  opening  is  dilated,  so  that  a  few 
drops  of  urine  pass  into  the  beginning  of  the  urethra.  Besides  the  subjective 
feeling  of  a  full  bladder,  this  tension  of  the  walls  of  the  bladder  causes  a  reflex 
effect,  so  that  the  urinary  bladder  contracts  periodically  upon  its  fluid  contents, 
and  so  do  the  sphincter  of  the  urethra  and  the  muscular  fibres  of  the  urethra,  and 
thus  the  urethra  is  closed  against  the  passage  of  these  drops  of  urine.  As  long  as 
the  pressure  within  the  bladder  is  not  very  high,  the  reflex  activity  of  the  trans- 
versely striped  sphincter  overcomes  the  other  (as  during  sleep) ;  but  as  the  pressure 
rises  and  the  distention  increases,  the  contraction  of  the  walls  of  the  bladder  over- 
comes the  closure  produced  by  the  sphincter,  and  the  bladder  is  emptied,  as  occurs 
normally  in  young  children. 

As  age  advances,  the  sphincter  urethrse  comes  under  the  control  of  the  will,  so 
that  it  can  be  contracted  voluntarily,  as  occurs  in  man  when  he  forcibly  contracts 
the  bulbo-cavemosus  muscle  to  retain  urine  in  the  bladder.  The  sphincter  ani 
usually  contracts  at  the  same  time.  The  reflex  activity  of  the  sphincter  may  also 
be  inhibited  voluntarily,  so  that  it  may  be  completely  relaxed.  This  is  the  con- 
dition when  the  bladder  is  emptied  voluntarily. 

Slight  movements,  confined  to  the  bladder,  occur  during  psychical  or  emotional  disturbances 
{e.g.f  anger,  fear),  [the  bladder  may  be  emptied  involuntarily  during  a  fright],  after  stimulation 
of  sensory  nerves,  auditory  impressions,  restraining  respiration,  and  by  arrest  of  the  heart's 
action.  There  are  slight  periodic  variations  coincident  with  variations  in  the  blood-pressure. 
The  contractions  of  the  bladder  cease  after  deep  inspiration,  and  also  during  apnoea  [Alosso  and 
Fellacani).  The  excised  bladder  of  tlie  frog,  and  even  portions  free  from  ganglia,  exhibit 
rhythmical  contractions,  which  are  increased  by  heat  {Pfalz),  [Ashdown  found  in  dogs  that 
the  bladder  exhibits  regular  rhythmical  contractions,  which  were  influenced  by  the  degree  of 
distention  of  the  bladder,  being  most  marked  with  moderate  dilatation  and  least  when  the 
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blailJer  through  a  catlieter  was  foiind  in  the  urine  obtainLHil  from  tlio  divided  tiretors*     Water 
and  urea  are  alfto  absorbed — the  btter  h\  larger  proportion  than  the  former.] 

As  tlie  ureters  enter  near  the  ba^e  of  the  bladder,  the  Inst  SL'ert-tixi  urine  is  uhrays  luweiit.  If 
a  porsou  rf?niflin  prfectly  qniet,  strata  of  urine  nro  thus  formed,  ami  the  mine  may  be  voidiNl 
00  as  to  prove  this  [Edkfst'H), 

The  preaBura  within  the  bladder,  when  in  the  supine  iiosition- 13  to  15  centimetres  c»f 
water.  Increa^ie  of  the  iuhJi-it^wItnuimil  pressure  (by  inspiration,  forc*.'d  expiration,  coughing, 
bearini;  down)  increases  the  pressure  withtti  tlie  bladder.  Th«  erect  |>o^ture  bIik*  increaaea  it^ 
owing  to  the  pressure  of  the  viat:era  from  above  {Sthah^  JMthm).  [Jiimej^  obtained  4  to  4*5 
inchej*  Hg  a»  the  highest  expnUive  [lOwer  of  the  bladder,  ineluding  the  abdominal  pre«surf » 
voluntary  and  inFoluritary,  In  p;ira|ile|jia,  where  there  iy  merely  the  expulsive  iK>wer  of  the 
bladder,  he  found  20  to  30  inche.**  of  water.] 

[HydronephrosiaoerMira  when  the  nietens  ami  [ndvi*  of  tJie  kidney  be<iome  diliitinK  owing  lo 
partiiil  kind  graduftl  obstruction  of  the  oiitHovv  of  urine  from  the  ureters  :  if  the  oIjis traction 
become  complete,  then'  h  eej^Hatiou  of  tlie  urinary  se^jretion.  Jame-H  has  ahowti  that  the  bladder 
remtiiii-s  contracted  for  Heveml  »enontls  after  it  is  euiplied,  and  this  ia  spceiitUy  the  case  in 
jrritahle  hladder  ;  sn  that  this  condition  may  also  give  rise  to  hydroueplirosis  by  damming  up 
the  urine  iu  the  uretei  j«,] 

Rapidity  of  Micturition. — Tlie  nmount  of  urine  voideil  at  fii*st  h  Rinall,  but  it  incrensea  with 
the  tim*%  .ind  towards  the  end  of  the  net  it  nj^aiii  dinriui.shes.  In  men,  the  la^^t  drops  of  urine 
jire  ijcirted  from  th*-  urethtrt  by  volmrtjtry  *'ontractiuus  of  the  bullio-ravernosuH  nin?Hh'.  AduH 
doj^H  iucrcflse  the  stnaia  ihytlimiLidly  l^y  \W  iutioii  of  tliiw  muM-le. 

281.— EETENTION  AKD  IHCONTINENCE  OF  UEINE. -Eetention  of  urine  or  laclitmA 
occurs: — L  When  there  is  ohiitructiou  of  the  nrethrji,  from  foreign  tKjdies,  coijcretioii.H, 
8tiif;ture,  swelling  of  the  prostate.  2.  Pmiilysis  or  exhaustion  of  tlie  mnscuUtiire  of  thi' 
bladder  ;  the  latter  nonieliines  oeeurft  alter  deliven%  in  couseijueuee  of  the  pressure  of  the  child 
against  the  blathler.  3.  After  secliou  of  the  spiiwl  cord  (p.  &iO).  i.  When>  the  voluiitarr 
impulwsare  unaV>h?  to  act  upon  the  iiihibitory  nppurutns  of  thcsphineter  urethrie  reflex^  as  well 
ftH  when  the  sphitictci  urrthnc  reflex  is  increaj*<fnl. 

Incontinence  of  mine  (atillicidimn  urimo)  occui-s  in  consequence  of-1.  Pjiralysis  of  the 
Hphincter  urethne.  2.  Loss  of  senHibilily  of  the  uretliia,  which  of  course  aliolishes  the  n^f^^•x  of 
the  sphincter*  3*  Trickling  of  the  urine  is  a  wecondary  con&etjiience  of  section  of  the  spiuat 
cord,  or  of  its  degeneration. 

Strangury  is  an  excessive  reflex  contraction  01'  the  walls  of  the  hliidder  and  aphinctcr,  dno  lo 
atitnulatkon  of  th»?  bladder  aiul  urethra  j  it  is  observed  in  inflammation,  neuralgia  [and  after  tho 
ilSGofjionie  poinons,  r.i^.,  tatitharides]. 

Enureaia  uoctumn,  or  involuntary  emptying  of  the  bUiJdfr  at  nri^bt,  may  be  due  to  4n 
increased  leflex  excitability  of  the  wall  of  tJio  hladiler,  or  weakness  of  the  sphincter. 

282.  COMPAEATTVE  ANB  mSTOEICAL.— Among>»t  vertebrates,  the  iirinary  and  ^entUl 
orgaUH  are  frefpieiitly  combined,  except  in  the  ort&eoUM  fishes.  The  Wollfinn  liodie.-*,  which  iet 
aa  organs  of  excretion  during  the  emhryonit  period,  remain  throughout  life  in  tiitlie«  and  amj^ihi* 
biari'i  and  continue  to  act  a»  such,  Fiahea.  —The  myj-inoith  (cycloatoraata)  have  the  aimpteat 
kidneys;  on  each  side  b  a  long  ureter  with  a  series  of  short -stalked  glomeruli  with  ea[idnl«« 
arranged  along  it.  Both  ni^'ters  0(H?n  at  the  genital  (lore*  In  the  other  fiahe.s,  the  kidiieyi 
lie  often  as  elongated  coinf^ai'tmasscM  along  both  sides  of  the  vertebral  cohiniu.  The  two  urethra 
unite  to  form  a  uretlira,  which  always  opensi  huhind  the  tuius,  eitJier  united  with  the  opening  of 
the  genital  organs,  or  behind  tlm.  In  the  sturgeon  and  hajjjdish,  the  aoua  and  orilice  of  the 
urethra  together  form  a  cloaca.  Bladder  like  formations,  which,  however,  are  morphotogicttlJy 
homologous  with  the  urinary  bladder  of  mammals,  occur  in  fmlies,  either  on  ©ach  ureter  (rmy* 
hag-liah),  or  where  both  join.  In  amphibiojiB,  the  vaaa  elft^rentia  of  the  testicles  are  united  with 
tli«  urinary  tubules  ■  the  duct  in  the  frog  unites  with  the  one  on  the  other  side,  nnd  Imth  con- 
joined open  into  the  cloaca,  wliibt  the  capacious  urin^ri/  hhtd^i^r  opens  through  the  anterior 
wall  of  tne  cloaca.  From  reptilea  upwaid.4,  the  kidney  is  no  longer  a  itersistent  Woltlian  body, 
but  a  new  organ.  In  reptilei<f  it  i^  UBually  flattened  and  elongated  ;  the  ureters  op«n  singly 
into  the  cloaca.  8auriaus  and  tortoi.Heu  have  a  urinary  bladder.  In  bird*,  the  isolated  ureters 
oircn  into  the  urogenital  sinn*i,  whicli  opens  into  the  cloaca,  inlenanl  tn  tlip  excretory  ducts  of 
the  genital  apparutns.  The  urinary'  bladder  is  always  altsent,  in  mnnunala,  the  kidneys  often 
consist  of  many  lobules,  f,g.^  dolphin,  ox. 

Amongst  invertebrateii,  the  moUuscA  have  excretory  organs  in  the  form  of  canaU,  which  atv 
providcil  with  an  outer  nnd  inner  opning.  Iu  the  muK^l  this  canal  ia  provided  with  a  sponge* 
like  organ,  often  with  a  central  cavity,  and  consiating  of  ciliated  secretory  cells,  placed  at  the 
hose  of  th*i  gills  (organ  of  Unjanun).  In  gusteroptidj*,  with  analogous  organs,  uric  acid  haa  bcco 
found,  Inaects,  tpidein,  and  centipedefl  have  the  Mo-called  Xlalr»igman  vesaeh,  which  ar« 
excretory  organa  partly  for  uric  arid  and  partly  for  so-called  bile.  Theae  vesselft  are  long  tuhea, 
which  ojwn  into  the  firi*t  part  of  the  large  inte**tin«'.  In  crabs,  blind  tul*e»  connected  with  tha 
intestinal  tube  perlmiM  have  the  same  lunctioiia.     The  vermea  aluo  have  renal  organs. 
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■  HiBtorical.— Aiiatotle  directed  atteution  to  tUe  rpbtively  large  »b©  of  the  hnmau  bladder— 

H  lit>  Dauicd  the  uftiteia.     Massa  (1552)  foviml  lymplintirJi  in  the  kidney.     Eiistapliiiis  (f  1580) 

^M  lig^atared  the  meters  and  found  tbc  bladder  empty.     Ciisnuus  (1565)  invcstigateil  the  colour 

^m  aod  weight  of  the  urine.     Rousset  (1581)  deHeril>ed  the  nniscalar  nature  of  the  walls  <)f  the 

H  bladder.     Vfslitig  dew^iibed  the  trigone  (1753)*     The  first  important  chemical  iiivcstigatiODs  on 

H  the  urine  diito  from  the  time  of  vau  Helmont  (1644).     He  Isolated  the  solida  of  the  urine,  aud 

H  found  among  them  common  aalt ;  he  aacertaiut'd  the  higher  ispecific  gravity  of  fever-uriDe,  and 

^f  ascril^jd  the  origin  of  luinary  calculi  to  the  solida  of  the  urine.     Scheele  (1766)  discovered  uric 

add  and  cahiium  phosphate  ;  Arand  and  Kuiickel,  phosphorus  ;  Houelle  (1773),  urea  ;  and  it  got 

its  name  from  Foureroy  and  Vaiiquelin  (17&9).     Bei-zeliiis  found  lactic  acid  ;  Seguin,  albumin 

iu  pathologitjul  urine  ;  Liebi^%  liippiuic  acid  ;  Heiotz  and  v.  Pettenkofer,  kreatin  and  kreatiniii; 

Wollaston  (1810),  cy.stin.     Marcet  foiuid  xautbin  ;  and  Lindbergson,  magnetic  carbonate. 


Functions  of  the  SMn, 

283,  STEUCTTTRE  OF  THE  SKIN,  HAIES,  AKD  NAIL.— The  skin  (3  3 

to  2*7  mm,  tliick  ;  specific  ffi-uvity,  1057)  coiii^ists  uf — 
[1.  The  epidermis ; 

2.  The  clLoriuiii,  nr  cutis  vera,  with  the  papilla©  (fig.  356).] 
The  epidermis  (0*08  tu  0*12  luiii,  thiek)  consists  of  ninny  layers  of  stratlHed 
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Fig.  356. 
Vertical  frQction  of  the  huuiaa  skin. 


epithelial  cells  united  to  c.ich  other  hy  cement  substance  (figs.  356,  357,  358). 
The  superficial  layers — stratum  comeum — consist  of  several  or  nmny  layers  of 
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(Iry  horny  non-nucleated  squames,  which  swell  up  in  solution  of  caustic  soda  (fig. 
358,  E).  [It  is  always  thickest  where  intennittent  pressure  is  applied,  as  on  the 
sole  of  the  foot  and  palm  of  the  hand]  The  next  layer  is  the  stratum  Incidum, 
which  is  clear  and  transparent  in  a  section  <5f  skin,  hence  the  name,  and  consists 
of  a  few  compact  layers  of  clear  cells  with  vestiges  of  nuclei.  [The  cells  are  two 
or  three  deep,  are  without  granules,  and  do  not  stain  readily.]  Under  tliis  is 
the  rete  mncosum  or  rete  Malpighii  (fig.  358,  d),  consisting  of  many  layers  of 
nucleated  protoplasmic  epithelial  cells  which  contain  pigment  in  the  dark  races, 

and  in  the  skin  of  the  scrotum,  and  around 
the  anus.  [The  sui)erficial  cells  are  more 
fusiform — at  least  they  appear  fusiform  in 
section — and  contain  granules  which  stain 
deei)ly  with  carmine  and  osmic  acid,  and 
they  are  devoid  of  prickles.  They  consti- 
tute, 3,  the  stratum  granulosum.  lu 
these  cells  the  formation  of  keratin  is 
{il)out  to  begin,  and  they  contain  two  sets 
of  granules — the  intra-cellular,  hyaline, 
all)unienoid  granides  of  Waldeyer,  which 
stain  with  logwood,  and  the  eleidin  gran- 
ules of  Eanvier,  which  seem  to  l)e  allied 
to  fatty  bodies,  and  are  readily  stained  l)y 
alkanet.  All  corneous  structures  contain 
similar  granules  in  the  area  where  the  cells 
are  l>ecoming  corneous.  Then  follow 
several  layers  of  more  or  less  polyhedral 
cells,  constituting  the  stratum  Malpighii, 
softer  and  more  plastic  in  their  nature, 
and  exhibiting  the  characters  of  so-called 
"prickle  cells"  (fig.  358,  R).  [The 
sjmces  between  the  fibrils  connecting  adja- 
cent cells  are  lymph-spaces.]  The  deepest 
layers  of  cells  are  more  or  less  columnar, 
and  the  cells  are  placed  vertically  ujx)n 
the  i)apillaB  and  are  provided  with  spherical 
nuclei.  GraniUar  leucocytes  or  wandering 
cells  are  sometimes  found  between  these 
cells.  The  rete  Malpighii  dips  down 
between  adjacent  papillae  and  forms  inter- 
papillary  processes.  Acconling  to  Klein,  a  delicate  basement  membrane  separates 
the  epidermis  from  the  true  skin.]  The  superficial  layers  of  the  epidermis  are  con- 
tinually being  thrown  olf,  while  new  cells  are  continually  being  formed  in  the 
deejKjr  layers  of  the  skin  by  proliferation  of  the  cells  of  the  rete  Malpighii,  so 
that  many  of  the  cells  may  exhibit  mitosis.  There  is  a  gradual  change  in  the 
microscopic  and  chemical  characters  of  the  cells  from  the  deepest  to  the  super- 
ficial layers  of  the  epidermis.  [In  a  vertical  section  of  the  skin  stained  with 
picro-carmine,  the  S.  granidosum  is  deeply  stained  red,  and  is  thus  readily  dis- 
tinguished amongst  the  other  layers  of  the  epidermis.] 

(1)  Stratum  comeum,  I  q^^^^^ 

(2)  Stratum  lucidum,  J 
(3^  Stratum  granulosum,  \      Rete 
(4)  Stratum  Malpighii,     I  Mucomm. 


-^.Jf^j^-^- 


Fig.  357. 

Vertical  section  of  the  human  epidermis ; 
the  nerve-fibiils,  ?i,  6,  stained  with  gold 
chloride. 


Epidermis 

(fig. 

357), 
No  pigment  is  formed  within  the  epidermis  itself  [but  in  the  coloured  races 


Sea  283.] 


STRtrCTURE  OF  THE  SKIN. 


]iigment-gi'aiiules  of  melaain  exist  in  tlie  cells  of  the  deci>c.st  layers  of  tln^ 
stratum  Malt>ijujhii] ;  whf^n  it  is  presGnt,  it  ia  carried  by  leucocytes  from  the 
RubcutimeouR  tissue  (Rithf^  Ehi*}}iann^  Aehif),  This  exjjlriins  how  it  is^i  that  a  jiiece 
of  white  skij)^  transplanted  to  a  negro,  becomes  black  {Karij). 


Fig.  358. 

I,  Vertical  secUoTi  of  tlie  Hkin,  witli  a  Ijaii'  and  sebaceoim  |jland,  T.  Epidermis  and  chonum 
flliortenod — 1,  outer  ;  2,  inner  fibrouB  Uver  of  the  hair-folhcle  ;  3,  its  hyaline  layer  ;  4, 
outer  root-sheath  ;  5,  Hnxley*g  I  ay  or  of  the  inner  root  shuath  ;  6,  Hflnle'a  layer  of  the 
same  ;  p,  root  of  the  hair»  with  its  papilla  ;  A»  arreetor  pih  muscle  ;  C,  choriam  ;  a,  sub- 
cutaneons  fatty  tisane  ;  ft,  epidermis  (norny  layer)  ;  d^  rete  Malpighii  ;  g,  blood-vea8«l«  of 
papil]?p  ;  ??,  lymphatica  of  the  saniu  ;  A,  liorny  or  corneous  snbstance  ;  i',  medulhi  or  pith  ; 
t^  epidermis  or  cuticle  of  hair  ;  K,  coil  of  Kweat-giaod  ;  E,  epideririal  acalea  (seen  from  aboye 
and  en  face)  from  th«  «tratnm  cornenm  ;  R,  prickle  cells  from  the  rete  Malpigbii  ;  n,  super- 
Hcial»  and  m,  deep  cells  from  the  nail ;  H,  hair  ma;fiiifiDd ;  e,  cuticle  ;  c,  metlulla,  with  cells  j 
/, /,  fusiform  fibrous  cells  of  the  sulistance  of  the  hair  ;  ir,  cellBof  Hnxley*a  layer;  /^  those 
of  Henle's  layer  ;  S,  ti'ansverae  section  of  a  awcat-|;land  from  tht^  axilla  ;  a,  smooth  miia- 
ealar  fibres  snrrounding:  it;  t,  cells  from  a  aebacwua  gland,  some  of  them  containing 
granuli*8  of  oil. 

[Herxbeimer  has  described  eome  pecali^  ** spirals"  in  the  epidermis.     They  aeem  to  be  due 
to  coagulation  of  a  proteid.] 

The  chorium  (fig.  358,  I,  C)  is  beset  over  its  entire  surface  by  numerous  (0-5 
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Pftlpilln?  of  tbe  skill,  e^nelenius  tpniovtHl,  blood- 
vejjwela  tujected  ;  tiomc  coritftin  a  WnifTiei "s  touch- 
corj)iLscle,  ft,  tlie  other!*  a  Lapilkry  luo|». 


to  0*1  mm.  lii^fh)  paplllsB  (ligs.  356,  358),  fclit*  largest  Iwiug  upon  the  volar  surfnc© 
yf  the  hand  und  ibot,  on  the  nii)[»!e  mid  giiiiis  J>eiii8.  Most  of  the  pajiillee  contain 
a  loo|H'<l  capillary  (f/),  while  in  ccrt^un  region.s  some  of  them  contiuu  a  touch- 
COrpiiacle  (lig,  359,  a).  The  pnpilla*  are  disjioseil  in  gronps,  whose  amiiigeniont 
varies!  in  ditfercnt  jmrts  of  the  body.  In  the  palm  of  the  hand  and  sole  of  the  fcKit 
they  oi'Citr  m  rows,  whieh  are  markml  oni  by  tlie  existi-nt-e  of  delicate  fnrrows  on 
the  snrfaee  visiljle  tu  the  milveil  ey<'.  TJie  chorinm  eiinsist>s  of  a  dense  netwoik  of 
lamdte  of  white  tihrrnus  ti8.^ue  mixed  with  a  network  of  elastic  fibres,  which  an* 

mure    delicate    in    the    piipilke.      1ji 

\^a Kilverinmiths    the    elastic    fibrc^i    aruj 

^vKQl  l)lackened  by  the  jxirtial  deiMisition  I 

i>f  redneed  silver,  and  the  same  ob-j 
tains  ill  tht»sc  who  Uike  silver  nitrate  i 
in    such     qnantity    as    to    iJinxluce 
argyria>     The  coniiective-tissne  eon*, 
til  ins  many  connective- tisime  uorpns-j 
cics  and  nnmcrous  lencocytes,     Tlitf-j 
deeper  ennneetive-tiasue  layers  of  thwl 
chorium    gradually    piuss     into     thti^ 
subcutaneous    tissue,    whore    they  ^ 
form    a    trabecniar    armngement   of' 
bundles,  leaving   between  them  eluu* 
gated  rhomboidal  s]»aci's   hllei!   for  the  m*»st  part  with  gnnijis  of  fat^cells  (tig». 
35G,   35K,  a,  a).      [In  lidcroscc^pie  sciti^ins,  after   tlie  action  of  alcohol,  tht*    fat- 1 
cells  not  imfrequeritly  cnntain  crystals  of  margarin  (lig.  21>5).]     The  long  axis  of} 
tlte  rhond*  correspunds  to  the  greater  tenslun  of  the  skin  at  that  ]>art  (C.  Lanrier). 
In  3<:)me  situatiuns  tlie  snhentaneona  tissue  is  devoid  t>f  fat  [penis,  eyelids].     In 
niftny  situations,  the  skin  is  hxed  by  solid  hbnius  hands  U*  sulyacent  stnieture*, 
ae  fasciap,  ligaments  ur  iKUies  {teiiacida  entis) ;  hi  other  part^i,  as  over  liouy  pi-omi- 
nenees^    burst-e    partially^  lined    with    cndotlielinm    and    tilled   with    syiiovm-Uke 
Hi  lid,  occnr. 

Smooth  muscular  fibres  ^M-cnr  in  the  chorimn  in  i  erlain  situations  on  extensor 
surfaces  (J*ri//iifM///) ;  nijiplr^,  areola  nuimm.T,  jircpncc,  iKxinfeum,  and  in  special 
nhundiuicc  in  the  tunica  dartos  of  the  s<.rotnnL 

[Gtiftnin  in  the  Skia. — TIj*' .-^kiir  of  Taftiij  imi|iiiil>ma<  loid  rcptikn  eontaia  brown  or  black 

Iiififtiient-graiailes,  and  otljer  gtaaalc^i  of  a  wliitL%  «ilvi*ry*  or  chalky  ap|:>eaiiince.  Kwald  aii«l 
Cnikenberg  liavt*  sliow-n  tlmt  the  latter  consist  of  giirtriia»  nm\  tliat  this  subHtAiice  is  very 
wiileiy  diirusal  ia  tlu*  s+kia  of  lislies^  aaipbibians,  and  reiitilcH.  Test :— Sekft  a  piece  of  skin 
frora  tlie  bf  lly  of  a  fio^  ;  jilacc  it  m  a  poTe»?laia  camvile  m  \'ov  th«  marexide  test  ;  add  lonwu- 
tiated  nitric  acid,  and  licat  to  dryness,  whoa  a  yellow  residue  in  oUtaiaed  ;  on  addiug  a  drop  of 
canatii!  8od«  a  retl  coloar  is  strack,  Tlie  yellow'residne  givea  my  reaction  witb  ammonia.  Il  to 
the  fluid  atare  waOa-  Ih»  ndfled,  and  it  Ije  then  heated,  dwtributi  d  over  the  sttrftce  of  tlic  cap- 
aal*^,  and  cwdcd  by  blowing  apiu  it,  variuaa  »hudes  of  ]mr|de  and  violet  nre  obtain(»d,] 

The  naUs  (specific  gravity  1'19)  consist  of  nwmernns  layers  of  solid,  horny,  haiiio- 
goneons,  ejddermal,  or  nailH-ells,  vvliich  may  be  tsolateil  willi  a  solution  of  cftustic 
filkali,  when  they  swell  up  and  exhibit  tlie  remains  of  an  elongated  nucleus  (fig* 
358,  «,  m).  The  ivhide  nndersurface  of  the  nail  rests  ui>on  the  nail-bed  ;  the 
lateral  and  posterior  edges  Vu)  in  a  deep  groov<s  tlie  nail-groove  (fig.  360,  f).  The 
ehoritmi  under  tin*  nail  is  eovcn  d  throughont  its  entire  extent  by  longitudinal  rows 
of  ridges  (fig,  3GU,  (/).  Alnive  this  there  lies,  ns  in  the  skin,  many  layers  of 
piirkh^  rrlls  like  tliOMtj  in  the  rete  Maljaghii  (fig.  358,  </),  and  aliove  this  agiiin  is 
tlo-  s^ul»stnncc  of  the  mdl  (fig.  JIGO,  «),  [The  stratum  granulosum  is  rutlinvnitory 
in  tin*  naibhed.  The  subsLinee  of  the  nail  re]>resente  the  stratum  luciihuu,  tlier»^ 
being  no  stratum  corneiim  (Kfrin)S\  Tlie  ])osteri(ir  part  of  tlie  nail-groove  and 
the  half  mtiouj  Imghtcr  part  or  lunule,  fonu  th«*  rmt  of  the  mdl.     They  a^'    't  tb*^ 
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same  time,  the  matrix,  from  which  j^rowth  of  the  nail  tiikes  [ihici'.  The  luuule  is 
present  in  an  isolated  nail,  and  is  due  to  diminished  transparency  of  the  posterior 
part  of  the  nail,  owing  to  the  special  thickness  and  uniform  distribution  of  the  cells 
of  the  rete  Malpighii  (Toldt), 

Growth  of  the  Nail. — According  to  ('ana,  i\w.  matrix  extends  to  tho  front  part  of  the  lunule. 
The  nail  grows  continually  from  behind  forwanls,  and  is  formed  by  Injerti  secreted  or  formed 
by  the  matrix.  These  layers  run  parallel  to  the  surface  of  the  matnx.  They  run  obliquely 
from  above  and  behind,  downwards  and  forwards,  through  the  thickness  of  the  substance  f 
the  nail.  The  nail  is  of  the  same  thickness  from  the  anterior  margin  of  the  luuule  forwards  to 
its  free  margin.  Thus  the  nail  does  not  grow  in  tliickness  in  this  region.  In  tho  course  of  a 
year  the  iingers.produce  AlH)ut  2  grms.  of  nail  substance,  and  relatively  more  in  summer  than  in 
winter. 

Deyelopment.— 1.  From  the  second  to  tho  eighth  month  of  foetal  life,  the  position  of  the 
nail  is  indicated  by  a  juirtial  but  marked  horny  condition  of  the  ei)idermis  on  tlie  back  of  the 
first  phalanx,  the  *'  eponychimn."  Tlie  remainder  of  this  substance  is  represented  during  life 
by  the  normally  fonned  epidermal  layer,  which  se^mrates  the  future  nail  from  the  surface  of  the 
farrow.  2.  The  future  nail  is  formed  under  the  eitonychium,  with  its  first  nail-cells  still  in  front 
of  the  nail-groove ;  then  the  nail  grows  and  pushe:}  foi-ward  townrds  the  groove.  At  the  seventh 
month,  the  nail  (itself  covered  by  tho  eponychium)  covers  the  whole  extent  of  the  nail-bed. 
8.  When,  at  a  later  |)eriod,  the  eponychmm  splits  off,  the  nail  is  uncovered.  After  birth  the 
ridges  are  formed  on  the  bed  of  the  nail,  while  simultaneously  the  matrix  ^Musses  backwards  to 
the  most  post<Tior  (»art  of  the  groove  {Unnn). 

Abaenoe  of  Hairs. — Tlie  whole  of  the  skin,  with  the  exception  of  the  palmar  surface  of  the 
hand,  sole  of  the  foot,  dorsal  surface  of  the  third  phalanx  of  the  fingers  and  toes,  outer  surface 
of  the  eyelids,  glans  penis,  inner  surface  of  the  prepuce,  and  part  of  the  labia,  is  covered  with 
hairs,  which  may  bo  strong  or  fine  (lanugo). 

A  Hair  (specific  gravity  1*26)  is  fixed  by  its  lower  extremity  (root)  in  a 
depression  of  the  skin  or  a  hair-follicle  (fig.  358,  I,  p)  which  i)asses  oblicpiely 
through  the  thickness  of  tlie 

skin,  sometimes  as  far  as  the  d     .*    ^ 

subcutaneous  tissue.  Tlie 
structure  of  a  hair-follicle  is 
the  following : — 1.  The  outer 
fibrous  layer  (figs.  358,  1, 
357),  coniiK>sed  of  interwov(;n 
bundles  of  connective-tissue, 
arranged  for  the  most  i)art 
longitudinally,  and  provided 
with  numerous  blood-vessels 
and  nerves.  [It  is  just  the 
connective-tissue  of  the  sur- 
rounding chorium.]  2.  The 
inner  fibrous  layer  (figs.  358,  Fig.  360. 

2,  361)  c..msist.s  of  a  layer  of  Transvei-se  section  of  one-half  of  a  nail,  a,  nail -substance; 
fusiform  cells  (?  smooth  mus-  ft,  more  open  layer  of  colls  of  the  nail-bed  ;  r,  stratum 
cular  fibres)  armnged  circu-  >ralpighii  of  the  nail-bed  ;  dy  transversely  divided  ridges  ; 
larly.  [It  does  not  extend  ''  ?.^^H^^y^;>  /  horny  layer  of  j-  projecting  over  tho 
throughout  the  whole  length  "'^^ '  ^'  '"^^^^^^^  "^  '^'  '^"^  '"  '^''  ^'^  "^  '^''  ^'''^''' 
of  the  follicle.]  3.  Inside  this  layer  is  a  transparent,  hyaline,  glass-like  base- 
mmt  membrane  (fig.  358,  3,  361),  which  ends  at  the  neck  of  the  hair-follicle ; 
while  above  it  is  continued  as  the  basement  membrane  which  exists  between  the 
epidermis  and  chorium  (?).  In  addition  to  these  coverings,  a  hair-follicle  has 
epithelial  coverings  which  must  be  regiirded  in  relation  to  the  layers  of  the 
epidermis.  Imme<liately  within  the  ghiss-like  membrane  is  the  outer  root-sheath 
(figs.  358,  4,  361,  362),  which  consists  of  so  many  layers  of  epithelial  cells  that  it 
forms  a  conspicuous  covering.  It  is,  in  fact,  a  direct  continuation  of  the  stratum 
Malpighii,  and  consists  of  many  layers  of  soft  cells,  the  cells  of  the  outer  layer 
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being  cylindrical.  Towards  the  base  of  the  hair-follicle  it  becomes  narrower,  and 
is  united  to,  and  continuous  with,  the  cells  of  the  root  of  the  hair  itself,  at  least  in 
fully  developed  hairs.  The  homy  layer  of  the  epidermis  continues  to  retain  its 
properties  as  far  down  as  the  orifice  of  the  sebaceous  follicle  ;  below  this  point, 
however,  it  is  continued  as  the  inner  root-sheath.  This  consists  of  (1)  a  single 
layer  of  elongated,  flat,  homogeneous,  non-nucleated  cells  (6gs.  358,  6,  361,  / — 
Henle^s  layei^  placed  next  and  within  tlie  outer  root-sheath.  Within  this  lies 
(2)  Hvadey^s  layer  (figs.  358,  5,  361,  g\  consisting  of  nucleated  elongated 
polygonal  cells  (fig.  358,  a:,  and  3),  while  the  cuticle  of  the  hair-follicle  is  composed 
of  cells  analogous  to  those  of  the  surface  of  the  hair  itself.  Towards  the  bulb  of 
the  hair  these  three  layers  become  fused  together. 

[Coverings  of  a  hair-follicle  arranged  from  without  inwards — 
,    p.,  I       ,  f  (a)  Longitudinally  arranged  fibrous  tissue. 

^     '  1  (6)  Circularly  arranged  spindle  cells. 

2.  Glass-Uke  (liyaline)  membrane. 


3.  Epithelial  layers. 

4.  The  hair  itself. 


j  (a)  Outer  root-sheath. 
*!  \h)  Inner  root-sheath. 
I  {c)  Cuticle  of  the  hair. 


{  Henle's  layer. 
(  Huxley's  layer. 


The  arrector  pili  muscle  (fig.  358,  A)  is  a  fan-like  arrangement  of  a  layer  of 
smooth  muscular  fibres,  attached  below  to  the  side  of  a  hair-follicle  and  extending 

towards  the  surface  of  the  chorium  ;  as  it  stretches 
obliquely  upwards,  it  subtends  tlie  obtuse  angle 
formed  by  the  hair-follicle  and  the  surface  of  the 
skin,  [or,  in  other  words,  it  forms  an  acute  angle 
with  the  hair- follicle,  and  between  it  and  the  follicle 
lies  the  sebaceous  gland].  When  these  muscles 
contract,  they  raise  and  erect  the  hair-follicles,  pro- 
ducing the  condition  of  cutis  anserina  or  yooseshin. 
As  the  sebaceous  gland  lies  in  the  angle  between 
the  muscle  and  the  hair-follicle,  contraction  of  the 
muscle  compresses  the  gland  and  favours  the  eva- 
cuation of  the  sebaceous  secretion.  It  also  com- 
presses the  blood-vessels  of  the  papilla  {Unna). 

The  hair  with  its  large  bulbous  extremity — hair- 
bulb — sits  upon,  or  rather  embraces,  the  papilla. 
It  consists  of  (1 )  the  inairow  or  medulla  (fig.  358,  ?*), 
which  is  absent  in  woolly  hair  and  in  the  hairs 
formed  during  the  first  year  of  life.  It  is  composed 
of  two  or  three  rows  of  cubical  cells  (H,  c).  (2) 
Outside  this  lies  the  thicker  cortex  (A),  which  con- 
sists of  elongated,  rigid,  horny,  fibrous  cells  (H,/,/), 
follicle.  TouteriibrourcoaOvhile  in  and  between  these  ceUs  lie  the  pigment 
with  ft,  blood-vessels  ;  c,  inner  granules  of  the  hair.  (3)  The  surface  of  the  hair  is 
circularly  disposed  layer  ;  rf,  covered  wuth  a  cuticle  (/»),  which  consists  of  imbri 
^lass-like  layer  ;e,  outer,  /,  g,  gated  layers  of  non-nucleated  squames. 
inner,  root-sheath;/,  outer  layer  -^  ^,  ^.  .  m    .  ^   •     .v 

of  the  same  (Henle's  sheath) ;  g,      [Nerves.— Numerous  nerve-fibres  are  distnbuted  in  the 
inner  layer  of  the  same  (Hux- hair  follicles  (§  424).] 

ley's  sheath) ;  h,  cuticle  ;  I,  hair.      Grey  Hair.— When  the  hair  becomes  grey,  as  in  old  age, 

this  is  due  to  defective  formation  of  pigment  in  the  cortical 
part  The  silvery  appearance  of  white  hair  is  increased  when  small  air-CAvities  are  developed, 
especially  in  the  medulla,  and  to  a  less  extent  in  the  cortex,  where  they  reflect  the  light. 
Landois  records  a  case  of  the  hair  becoming  suddenly  grey,  in  a  man  whoso  hair  became  grey 
during  a  single  night,  in  the  course  of  an  attack  of  delirium  tremens.    Numerous  air-spaces 


Fig.  361. 
Transverse  section  of  a  hair  and  its  ' 
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were  found  throughout  the  entire  marrow  of  the  (blond)  hairs,  while  the  hair-pigment  still 
remained. 

[Blood-Pigment  in  Haira.— The  feelers  of  albino  rabbits  contain   blood-pigment  in  some 
part  of  their  substance  {Sig.  Mayer).] 

Development  of  Hair.— Accoi-ding  to  Kolliker,  from  the  12th  to  13th  week  of  inti-a-uterine 
life,  solid  finger-like  processes  of  the  epidermis  are  pushed  down  into  the  chorium.  The  process 
becomes  flask-shaped,  while  the  central  cells  of  the 
cylinder  become  elongated,  and  form  a  conical  body, 
arising  as  it  were  from  the  depth  of  the  recess.  It 
soon  differentiates  into  an  inner  darker  part,  which 
becomes  the  hair,  and  a  thinner,  clearer  layer  covering 
the  former,  the  inner  root-sheath.  The  outer  cells,  t.c, 
those  lying  next  the  wall  of  the  sac,  foiiu  the  outer 
root-sheath.  Outside  this  again  the  fibrous  tissue  of 
the  chorium  forms  a  rudimentary  hair-follicle,  while 
one  of  the  papilhe  grows  up  against  it,  indents  it,  and 
becomes  emoraced  by  the  bulb  of  the  hair.  This  is  the 
hair  papilla,  which  contains  a  loop  of  blood-vessels. 
The  cells  of  the  bulb  of  the  hair  proliferate  rapidly,  and 
thus  the  hair  grows  in  length.  The  point  of  the  hair 
is  thereby  gradually  pushed  upwards,  pierces  the  inner 
root-sheath,  and  passes  obliquely  through  the  epider- 
mis. The  liairs  appear  upon  the  forehead  at  the  19th 
week  ;  at  the  23rd  to  25th  week  the  lanugo  hairs  appear 
free,  and  they  have  a  characteristic  arrangement  on 
different  parts  of  the  body. 

Physical  PropertieB. — Hair  has  veiy  considerable 
elasticity  (stretching  to  0*33  of  its  length),  consider- 
able cohesion  (carrying  3  to  5  lbs.),  resists  putrefaction 
for  a  long  time,  and  is  highly  hygroscopic.  The  last 
property  is  also  possessed  by  epidermal  scales,  as  is 
proved  by  th«  pains  that  occur  in  old  wounds  and  scars 
during  damp  weather. 

Growth  of  a  hair  occurs  by  proliferation  of  the  cells 
on  the  surface  of  the  liair  papilla,  these  colls  represent- 
ing the  matrix  of  the  hair.  I^yer  after  layer  is  formed, 
and  gradually  the  hair  is  raised  higlier  within  its 
follicle. 

Change  of  the  Hair. — Ac(;ording  to  one  view,  when 
the  hair  has  reached  its  full  length,  the  process  of  for- 
mation on  the  surface  of  the  hair  panilla  is  interrupted; 
the  root  of  the  hair  is  raised  from  the  papilla,  becomes 
horny,  remains  almost  devoid  of  pigment,  and  is  grad- 
ually more  and  more  lifted  upwaitls  from  the  surface 
of  the  papilla,  while  its  lower  bulbous  end  becomes  split 
up  like  a  brush.  The  lower  empty  y&vt  of  the  hair- 
follicle  becomes  smaller,  while  on  the  old  papilla  a  new 
formation  of  a  hair  begins,  the  old  hair  at  the  same 
time  falling  out  (t'OtHrt).  According  to  Stieda,  the  old 
papilla  disappears,  while  a  new  one  is  formed  in  the 
hair-follicle,  and  from  it  the  new  hair  is  developed. 
According  to  Kolliker,  again,  both  processes  obtain. 

[Erectile  Hairs.— The  vibrissa)  or  feelers  in  the 
snout  of  some  animals  are  really  organs  of  tou(;h,  and 
in  each  hair-follicle  is  a  large  blood-sinus.] 

[Chemistry. —In  the  horny  epithelium  the  proto- 
plasm is  replaced  by  keratin,  which  belongs  to  tlie 
group  of  the  albumenoids  (§  250,  3)  and  contains  sul- 
phur, which  is  but  loosely  combined,  for  on  boiling 
hairs  with  alkalies  the  sulphur  is  liberated.  It  is  also 
the  chief  constituent  of  hairs,  hoof,  and  feathers,  while  a  similar  body,  neuro-keratin,  is  found 
in  nervous  structures.  The  <piantity  of  sulphur  in  keratin  is  about  3-5  per  cent.  Hairs  on 
beinj;  burned  yield  5-70  per  1000  of  ash,  comjKJsed  of  250  alkaline  sulphates,  140  calcium  sul- 
phate, 100  iron  oxide,  and  400  parts  of  silicic  acid.  As  a  rule,  dark  hairs  yield  more  iron 
than  blond  hairs.] 

The  colour  of  the  skin  in  the  coloured  races,  and  the  black  or  brown  colour  of  hair  in  general, 
is  due  to  melanin  (p.  472).     There  seem  to  be  several  varieties  of  this  pigment,  but  that  of 


Fig.  362. 
Section  of  a  hair- follicle  while  a  hair 
is  being  shed,  rt,  outer  and  middle 
sheaths  of  hair-follicle  ;  b,  hyaline 
membrane  ;  c,  papilla,  with  a  capil- 
lary ;  f?,  outer,  «,  inner  root-sheath; 
/,  cuticle  of  the  latter  ;  gr,  cuticle  of 
the  hair  ;  h,  young  non-medullated 
hair  ;  ?,  tip  of  new  hair  ;  I,  hair- 
knob  of  the  shed  hair,  with  k,  the 
remainder  of  the  cast-off  outer  root- 
sheath. 
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tlie  du*-t  of  tlie  '4iini\  {ng.  a63). 


Iiutimn  hair  crmtaiiis  nitlier  Jess  nitrogen  and  more  siilplnn   tliaii  .some  of  tlie  others.     It  doM 
not  t'OTttaiij  irejii.] 

Sa84,  THE  GLANDS  OF  THE  SKIIT.^The  sebaceous  glaads  (fig.  358,  1,  T) 
ixfp.  slinjih  ariiiiHi.s  ^4iin«l^,  which  open  by  n  *liu"t  into  the  htiir follicles  of  large 
Imirs  near  their  iiji[n:^r  \utri  ;  in  tin*  cfti^e  of  small  huirii,  the  latt*T  iiii^v  prajeet  from 

In  Home  situations  tlie  iliicts  of  the  ghmdR  ojieE 
free  upon  the  surf  are,  e.j/.,  the  glands  of  labia 
mitiom,  glans,  pn^pure  (Tysou*^  glands),  and 
the  red  iiiargins*  of  the  lips.  The  largest  glands 
occnr  in  the  no^e  and  in  the  labia  j  thry  an* 
absent  only  from  the  vola  inanus  and  plant-a 
pedis.  The  oblong  alveoli  of  the  gland  i  (in- 
sist of  a  IjJi^enient  nienilirane  lined  with  sin  all 
jmlyhedral  niieleateil  graoular  secret-ory  eells 
{fig.  358,  t).  Within  thL*  ai-e  tjtber  ] polyhedral 
rells,  whose  svd>8t^iiM'e  contains  numerous  oil- 
globules ;  the  cells  become  laore  fatty  towards 
the  centre  of  the  alveolus.  The  cells  lining 
the  duct  are  continuous  with  those  of  tlie 
outer  root'.sbeutlL  Tlie  detritus  formed  l>y 
the  futty  incl4iniorph€*sisof  the  eells  eonstitiiU*^ 
_  ^  the  sebum  or  sebae^Mjus  secretion* 

[If  the  "oil  or  co<?cygenl-gland '*  of  a  d«ck  lie 
removed,  it  is  found  tliat,  wlu-n  the  aidriml  is  »ub- 
mrr^iAJ,  it  takc*^  up  between  iU  feathtivs  Rliout  the 
fiaiiii!  auiuuiit  of  wat^r  as  an  intjirt  duct ;  but  it 
retairts  2  to  2|  times  as  much  water  in  its  feathore 

_,^  The  sweat-glands  (hgs.  356,  358,  I,  /-), 
sometiuics  called  sudorlparotis  glands,  eondat 
of  a  long  blind  tube,  whov^e  lower  end  is  ar- 
rangi'd  in  the  form  of  a  coil  placed  in  the 
jireolsir  tissue  under  the  skin,  wliile  the  some- 
what .smaller  ui«j«er  end  or  excretory  jiortiuu 
winds  in  a  vertical,  slightly  wavedike  manner, 
coTitinuoutt  witli  «  ;  r,  fatty  ceils  ami  through  t!ie  rliorium,  ami  in  n  cork -screw  or 
free  fat;  rf.  «m.i;  r,lmir-tolliek  with  ^^^  maimer  thrMUgh  the  epidernns,  where 
ft  Bmull  hair, /I  ,f  a       r  i    ..  *  *  V         i 

It  opens  with  a  free,  somewhat  triHupet-shapeiL, 

mouth  (fig.  356).  The  glands  are  very  numerous  and  large  in  tlie  palm  of  the 
hand,  sole  of  the  fi»ot,  axilla,  forehead,  and  around  the  nipple  ;  few  on  the  Ivwk 
of  tlM'  trunk  ;  an<l  are  alisent  mi  tlie  glans,  pi^'puee,  and  margin  of  the  lips.  The 
circumanal  glands  and  the  certiminotis  glands  of  the  external  auditor^'  meatus, 
and  Moll's  glands,  whicli  f»pen  into  the  hiur  follk-les  of  the  eyelashes,  are  modifi- 
cations  of  the  sweat-glands. 

Each  gland-tube  rnnsists  uf  a  ha.'^ement  membrane  lined  \\y  cells ;  the  ezeretoiy 
part  or  sweat-canal  of  the  tube  is  lined  by  t^eceral  layers  of  eubical  cells,  whose 
surface  is  covered  l«y  a  dc4ieate  cuticular  layer,  a  small  central  lumen  lieing  left. 
Within  the  coil  the  structure  is  diflVreiit  The  first  part  of  the  coil  resembles  the 
alH>ve,  but  as  the  coil  is  the  tnic  secretory  part  of  the  gland,  iu  stnicture  diii'ew 
from  the  HWeat-cauaL  This,  the  so-called  *fisfa/  portion  tif  the  tuW,  is  lined  by  (i 
ahtfjlf  layer  of  mtxlenitely  lidl  clear  nucleated  cylindrical  epitheliuni  (fig,  358,  8), 
often  t  ontaining  oil -globules,  Smo^ith  muscular  fibres  are  arranged  loiigitndinally 
along  the  tube  in  the  large  glands  (fig.  358,  S,  a).  There  ii*  a  distinct  lumen 
present  in  the  tiil»e.     As  the  cluct  panses  through  the  epidermis,  it  winds  \U  wav 


I-'ig.  863. 

Stlmceons  gl:uul,  witli  a  laioigo  Imir.    n, 
gra  II  u  J  n  r  e  [  >i  1  hi-  li  u  m  ^  b,  le  te  M  a  I  pi  gl  i  i  i 
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between  tlie  epidermal  cells  without  any  indei)endent  membrane  lining  it  {Heijnold), 
A  network  of  capillaries  surrounds  the  coil.  Before  the  arteries  split  up  into 
C4ipillaries,  they  form  a  true  rete  mirabile  around  the  coil  (Brihke).  This  is  com- 
I)arable  to  the  glomerulus  of  the  kidney,  which  may  also  be  regarded  as  a  rete 
mirabile.  Numerous  nerves  pass  to  form  a  plexus,  and  tenninate  in  the  glands 
(Tonim), 

Tho  total  number  of  sweat  glands  is  estimated  by  Krause  at  2^  millions,  which  gives  a  secro- 
toiy  surface  of  nearly  1000  square  metres.  These  glands  accrete  sweat.  Nevertheless,  an  oily  or 
fatty  substance  is  often  mixed  with  tho  sweat.  In  some  animals  (glands  in  tho  sole  of  the  foot 
of  the  dog,  and  in  birds)  this  oily  secretion  is  very  marked. 

Numerous  lymphatics  occur  in  the  cutis  ;  some  arise  by  a  blind  end,  and  others  from  loops 
within  the  papilla  on  a  plane  lower  than  the  vascular  capillary.  [These  o])eQ  into  more  or  less 
horizontal  networks  of  tubular  Ivmphatics  in  the  cutis,  and  these  again  into  the  wido  lymphatics 
of  the  subcutaneous  tissue,  which  are  well  provided  with  valves.]  Special  lymphatic  spaces  are 
disposed  in  relation  with  the  hair-follicles  and  their  glands  {Neumaan\  [and  also  with  the  fat 
{Klein),  The  lymphatics  of  the  skin  arc  readily  injected  with  Berlin  blue  by  the  puncture 
method]. 

[The  blood-vesselB  of  the  skin  are  arranged  in  several  systems.  There  is  a  su])erficial  system, 
from  which  proceed  the  c.ipillaries  for  the  papillm.  There  is  a  deeiier  system  of  vessels  which 
supplies  s])ecial  blood-vessels  to  (a)  the  fatty  tissue  ;  {b)  the  hair-follicles,  each  of  which  has  a 
special  vascular  arrangement  of  its  own,  and  in  connection  with  this  each  sebacex>us  gla^d 
receives  a  special  artery  ;  (c)  an  artery  goes  also  to  each  coil  of  a  sweat-gland,  where  it  forms  a 
dense  plexus  of  capillaries  {Tomsa).] 

285.  THE  SKIN  AS  A  PBOTEGTIVE  COVEEIHO.— The  subcutaneous  fatty 
tissue  fills  up  the  depressions  l)etween  adjoining  parts  of  the  body  and  covers 
projecting  parts,  so  that  a  more  rounded  appearance  of  the  botly  is  thereby  6\> 
tiiiued.  It  also  acts  as  a  soft  elastic  i)ad  and  protects  delicate?  part*^  from  external 
jn'essure  (sole  of  the  foot,  palm  of  the  hand),  and  it  often  surrounds  and  protects 
i)lood- vessels,  nerves,  «fcc.  It  is  a  bad  conductor  of  heat,  and  thus  acts  as  one  of 
the  factors  regulating  the  radiation  of  heat  (§  214,  II.,  4),  and,  therefore,  the 
t(}mi)erature  of  tho  ])ody.  The  ej)idermis  and  cutis  vera  also  .act  in  the  same 
manner  (§  212).  Klug  found  that  the  heat-conduction  is  less  through  the  skin  and 
subcutaneous  fatty  tissue  than  through  the  skin  alone  ;  tlic  epidermis  conducts  heat 
less  easily  than  the  fat  and  the  chorium. 

The  solid,  elastic,  easily  mova])le  cutis  affords  a  ^ood  pivf  erf  ion  anaiust  txternal^ 
meclianical  injuries;  while  the  dry,  impermeable,  horny  ei)id(;rmis,  devoid  of 
nerves  and  blood-vessels,  afibrds  a  furtlier  protection  against  the  absor})tion  of 
poisons,  and  at  the  same  time  it  is  cni)able  of  resisting,  to  a  cerUiin  degr(M»,  thermal 
and  even  chemical  actions.  A  thin  layer  of  fatty  matter  protects  the  free  surface 
of  the  epidermis  from  the  macerating  action  of  fluids,  aud  from  the  disiutegrating 
action  of  the  air.  The  eiudermis  is  importiuit  in  connection  with  the  ^fiuida  of  the 
hodij.  It  exerts  pressure  upon  the  cutaneous  capillaries,  and  to  a  limited  extent, 
l)revents  too  great  diffusion  of  fluid  from  the  cutaneous  vessels.  I*arts  of  the  skm 
devoid  of  epidermis  are  red  and  always  moist.  "When  dry,  the  epidermis  and  the 
epidermal  apiHjndages  are  bad  conductors  of  electricity  (^  326).  Lastly,  the  exist- 
ence of  iminjured  epidermis  prevents  adjoining  i)arts  from  growing  together. 

As  the  epidermis  is  but  slightly  extensile  it  is  stretched  over  the  folds  and  papillte  of  the  cutis 
Vera,  which  becomes  level  when  the  skin  is  stretched,  and  the  papilhe  may  even  disappear  with 
strong  tension  (Leirinski). 

286.  CUTANEOUS  EESPIBATION :  SEBUM— SWEAT.— The  skin,  with  a 
surface  of  more  than  1  i  srpiare  metre,  has  the  following  secretory  functions : — 

1.  The  respiratory  excretion ; 

2.  The  secretion  of  sebaceous  matter ;  and 

3.  The  secretion  of  sweat. 

[Besides  this  the  skin  is  protective,  contains  sense-organs,  is  largely  concerned 
in  regulating  the  temperature,  and  may  he  concerned  in  absorption.] 


8ACE0US  SECRETION. 


1.  Beapiiation  by  the  akia  Ijas  Uttn  reft-rreiJ  to  (§  130).  Tlie  organs  coDci-rneil  nrc  tlie  tubes 
of  the  s\\€!rtt-gLinds,  nnu.stt'titMi  as  tliey  are  with  fluidn,  uud  KuimmnJKl  by  »  Hih  network  of 
cajsiHariea.  It  iii  iiiiccrtHin  wbetbir  or  not  the  tskiii  givei*  offii  BUiall  iitiioiint  of  K  or  ammonia. 
Rubrig  mude  experirmviitit  upon  an  uim  pluced  in  un  air-tiglit  metal  box.  According  to  biin, 
the  wiDoiint  of  CO,  and  M.p  excreted  is  Kubjett  Id  ccitaiii  daily  variations  ;  it  h  l&creABed  by 
digestioUt  increased  temiKratuie  of  tbe  surround in|^«,  tbt  apitlicAtioii  of  (.utanfons  stimuli,  atnl 
by  iiii|»eding  llic  pxilmonary  rehpiiation.  The  excbnnj^e  of  gaj*da  also  dejvends  upon  the  vasiu* 
larity  of  certaip  purt^^  of  tlie  skin,  wbile  tho  cutaneous  absorption  of  0  »lso  di'pendn  upon  the 
ijiimber  of  colourt'd  corpuarles  in  the  blood. 

In  frogB  and  otber  anipldbiaiii*,  with  a  thin,  always  liioist  epitlermi.s,  the  futaneoua  r<?H»ini- 
tion  h  more  cf^nsiderable  than  in  warm-blooded  nnimals.  In  winter^  in  frof(s,  the  skin  alone 
yields  ^  of  tbe  total  amount  of  CO.j  excreted  j  in  summer  §  of  the  snnie  {iJHitUr)  ;  tbu«,  in 
tbi'.se  nniuittl!*  it  Lh  a  more  im]M)rtflnt  respiratory  organ  thnn  the  lungs  tlieinselvta. 

Supprefision  of  tbo  cutaneouB  activity  by  vaii^ishing  or  diitjiiug  the  akin  in  oil  eauaes  death  by 
Bspbyxia  (frogs)  soooer  thnu  ligature  of  the  lungs  does.  Vaxninhing  theSkin,  —  When  the  »kin 
of  a  waruiblooded  ommal  is  eovered  witbao  impermeable  varnish  [sneb  as  gelatin]  {Fcfttdulf, 
Btcqucrd^  Brecket),  death  ocenr»  after  a  time,  prolwibly  owing  to  tbe  Iosk  of  too  much  heat. 
Tbe  formation  of  crystalline  BnrmouiO'Unigneeic  pbosjihate  iu  the  ciitnueous  tissue  of  such 
autmals  {Edcnhuizcn)  is  not  suffieieut  to  aceount  for  death,  nor  are  eongcstioii  of  internal  organs 
and  serous  eJfusions  sat  is  factory  ex  ]>1  an  at  ions.  Tbe  retention  of  tlti^  volatile  substanees  (acids) 
pi-e*ent  in  tbe  sweat  is  not  siifheient.  Strong  animals  live  longer  than  fn'ble  ones  ;  horses  die 
after  several  days  iO^rhteh)  ;  they  shiver  and  lose  llesb,  Tbe  biiger  the  entaneous  siiirfnce  left 
unvarniished,  the  later  dot'«  death  take  place,  RabbitK  die  when  l  iti^  tbeir  surfaee  is  varnished* 
M''hen  tbe  entire  snrfuce  of  tbe  aninnil  ih  varnisberi,  the  temperature  ra[tidly  falls  (to  l^''),  tl«? 
ptilse  and  rcKpirationH  vury  ;  n^jually  they  fall  when  the  varnishing  procejiw  is  limited  ;  ioereasiKl 
treqneney  of  i-ejipiriitiou  has  been  observed  (§  22&).  Pigs,  dogs,  hoi^es,  wbcn  one-half  of  tbo 
hotly  is  vaniiished,  exhibit  only  a  temporary  fall  of  tbe  tempemtiiie  and  m how  signs  of  weak- 
oeas,  but  do  not  die  {IHthnfH'rtjtr  ami  HofmchUr).  [In  extensive  buma  of  the  skin»  not  only 
lA  there  disintegration  uf  the  coloured  bhrod  iMiriiuneh'S  [v.  LeMfttt%  but  in  some  rases  ulcerm 
occur  iu  tbe  duodenum.  The  cause  of  tbe  ulceration,  however,  has  not  been  aacertaincd  aalis- 
factor ily  {Viiflinfj).'\ 

%  Sebaceoiifl  Becretion.— Tin*  fatty  nuittiT  a^  it  if*  excrt-tod  frum  iiw  ariiii  of 
the  sebaceoum  ghiiitls  is  Huid,  but  even  wiiliiii  tlic  extTi*U*ry  duct  of  the  gland  it 
stagnates  and  forniH  tt  wliitc  fut^liko  mas8,  whicli  may  sometimes  Ite  expre.ssed  (at 
the*  side  of  the  uoae)  us  u  worm  like  white  h<xly,  the  so-culled  comedo.  The 
aebaceouft  mattov  kee|Ks  the  skin  supple,  and  prevents  the  hair  from  hecoming  too 
tlr}'.  Ificroscopically,  the  ??eeretion  is  Hofu  t<»  iimtiiin  innumeruhle  fjitty  granule*, 
a  few  i^land-celJH  tilled  witlj  fat,  visilde  after  the  addititpn  t>f  taitstie  soda,  crystiils 
of  eholesteriiij  and  in  sr>me  men  a  iiiirroscr>pie  mitedike  aninnd  (Demodex  foUi- 
culonim). 

[Formation  of  Sebum.— The  cells  lining  the  acini  of  the  glands  proliferate  and  fjush  the 
older  cells  towards  the  eentre  of  the  alveoli,  where  they  undergo  a  fatty  trantfunnatiou  to  fonu 
the  seljiun.  Thus  the  shed  cells  aro  themselves  bodily  ti-ansformed  into  sebaceous  matter,  a 
condition  diHerent  to  that  obtaining  in  most  of  the  other  secretory  glands.] 

Chemical  Ck>mpoaition  of  Sebum.— The  eonstitiipnts  are  for  the  most  part  fatty  ;  ebictly  Q/ein 
(lluid^and  jmlmidn  (solid)  fat,  soaps,  andl  some  rholesterin  ;  a  huiqII  amount  of  albumin  md 
unknown  extractives,  Amougst  the  inorganic  constituent*,  the  iusoluble  earthy  phoapbaUt 
are  mov^t  abundant  ;  while  the  alkaline  chlorides  and  phosphates  are  less  abumlaut. 

The  vemix ca«eo«a^  which  covers  tlieskin  of  a  new-bora  child,  is  a  greasy  mixture  of  sidia- 
oeoirs  matter  and  macerate<l  epidertjial  cells  (eontiiining  47 '5  per  cent.  ml).  A  similar  product 
is  the  smegma  pn»piitialiB  (52 "8  per  c*nt.  fat),  in  which  an  ammonia  sonp  is  present. 

Tbe  cerumen  or  ear  wax  is  a  mixture  of  the  secretions  of  the  cerundnons  glands  of  the  wr 
(similar  in  stnieture  to  the  sweat'glnuds)  and  the  sebaceous  glonds  of  tbe  anditory  eanah 
Besides  the  constitueuls  of  sebum,  it  contains  yellow  or  brownish  imrticlea,  a  bitter  yellow 
extractive  substance  derived  from  the  cerumiuous  glands,  potash  soaps,  and  a  special  fat.  The 
»ecretii>n  of  tJie  Meibomian  glands  is  sebum. 

[Lanoline.  —  Liebreicb  liuds  in  feathers,  hoiis,  wool,  and  kerotiu-tissues  genei-ally,  a  cholea* 
teHu  fat,  which  however  is  not  a  true  fat,  although  it  saponities,  hut  an  ethereal  compound  of 
certain  fslty  acids  with  eholesterin.  Tn  commerce  it  is  obtained  from  wool,  and  is  known  by 
the  above  name  ;  it  forms  an  admirahle  basis  for  ointments,  and  it  is  very  readily  absorbed  l^ 
tbe  skin.]  Thus,  the  fntdike  substance  for  protecting  the  epidermis  is  partly  fanned  along 
with  keratin  in  the  e[>idernns  itself. 

3.  The  Sweat. — ^Thf  aweat  is  secreted  in  the  coil  of  the  sweat-glands.     At  tlie 
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same  time  tlie  nuclei  of  the  secretory  cells  become  more  spherical  ami  the  cells 
(horse)  become  more  granular.  As  long  as  the  secretion  is  small  in  amount,  the 
water  secreted  is  evaporated  at  once  from  the  skin  along  with  the  volatile  con- 
stituents of  sweat ;  as  soon,  however,  as  tlie  secretion  is  increased,  or  evaporation 
is  prevented,  drops  of  sweat  aj>pear  on  the  surface  of  the  skin.  The  former  is 
called  insensible  perspiration,  and  the  latter  sensible  perspiration.  [Broadly, 
the  quantity  is  about  2  ll)s.  in  twenty-four  hours.] 

The  sensible  perspiration  varies  greatly  ;  as  a  rule,  the  right  side  of  the  body  perspires  more 
freely  than  the  left.  The  palms  of  the  hands  secrete  most,  then  follow  the  vsoles  of  the  feet, 
cheek,  breast,  upper  arm,  and  fore-arm  {Pei})€r),  It  falls  from  morning  to  mid-day,  and  rises 
again  towards  evening,  reaching  its  maximum  before  midnight.  Much  moisture  and  cold  in 
the  surrounding  atmosphere  diminish  it,  and  so  does  diuresis.  In  children,  the  insensible  per- 
spiration is  relatively  great.  The  drinking  of  water  favours  it,  alcohol  diminishes  it  (J/. 
SchmUl). 

Method.  —Sweat  is  obtained  from  a  man  by  placing  him  in  a  metallic  vessel  in  a  warm  bath  ; 
the  sweat  is  rapidly  secreted  and  collected  in  the  vessel.  In  this  way  Favre  collected  2560 
grams  of  sweat  m  1^  hour  [by  exi)08ing  himself  to  a  hot-air  bath  and  drinking  at  the  same  time 
hot  drinks].  An  arm  may  be  inclosed  in  a  cylindrical  vessel,  which  is  fixed  air-tight  round  the 
arm  with  an  elastic  bandage  {Schottin). 

Amongst  animals,  the  horse  sweats,  so  does  the  ox,  but  to  a  less  extent  ;  the  vola  and  planta 
of  apes,  cats,  and  the  hedgehog  secrete  sweat;  the  snout  of  the  pig  sweats  (?),  while  the  goat, 
rabbit,  rat,  mouse,  and  dog  are  said  not  to  sweat  (Luchsingcr).  [The  skin  over  the  body  and 
the  pad  ou  the  dog's  foot  contain  numerous  sweat-glands,  which  open  free  on  the  surface  of  the 
pad  and  into  the  hair-follicles  on  the  general  surface  of  the  skin  ( )y.  Stirling).] 

Microscopically. — The  sweat  contains  only  a  few  epidermal  scales  accidentally  mixed  with 
it,  and  fine  fatty  granules  from  the  sebaceous  glands. 

Chemical  Composition  of  Sweat. — Its  reaction  is  alkaline,  although  it  fre- 
quently is  acid,  owing  to  the  admixture  of  fatty  acids  from  decomposed  sebum. 
During  profuse  secretion  it  becomes  neutral,  and  lastly  alkaline  again  {Triimpy 
and  Luclmmjei').  The  sweat  is  colourless,  slightly  turbid,  of  a  saltish  taste^  and 
has  a  characteristic  odour  varying  in  diflerent  parts  of  the  body  ;  the  odour  is  due 
to  the  presence  of  vohitilc  fatty  acids  [specific  gravity,  1003-1005.]  The  con- 
stituents are  water,  which  is  increased  by  copious  draughts  of  that  fluid,  and 
solids,  which  amount  to  1*2  per  cent.  (0*70  to  2*6G  per  cent. — Funke)^  and  of 
these  0*90  per  cent,  is  organic  and  0*30  inorganic.  Amongst  the  organic  consti- 
tuents are  neutral  fats  (palmitin,  stearin),  also  present  in  tin*  sweat  of  the  palm 
of  the  hand,  which  contains  no  sebaceous  glands,  cholesleriny  volatile  fatty  an'd^ 
(chiefly  formic,  acetic,  butyric,  propionic,  caproic,  capric  acids),  varying  qualita- 
tively aiul  (quantitatively  in  different  parts  of  the  body.  These  acids  are  most 
abundant  in  the  sweat  first  (acid)  secreted.  There  are  also  traces  of  proteids 
(similar  to  casein)  and  a  trace  of  allmmin  and  urea,  about  0"1  per  cent.  [Kast 
found  sulphuric  acid  united  as  ethereal  sidphate  of  skatol  and  phenol,  also  oxy- 
acids,  and  Capricana  found  kreatinin.]  In  ura?mic  conditions  (anuria  in  cholera) 
lU'ea  has  been  found  crystallised  on  the  skin.  When  the  secretion  of  sweat  is 
gi'catly  increased,  the  amount  of  urea  in  the  urine  is  diminished,  both  in  health 
and  in  unTmia  {Leuhe).  The  nature  of  the  reddish-yellow  pigment,  which  is 
(extracted  from  the  residue  of  sweat  by  alcohol,  and  coloured  green  by  oxalic  acid, 
is  unknown.  Amongst  inorganic  constituents,  those  that  are  easily  soluble  are 
more  abundant  than  those  that  are  soluble  with  difficulty,  in  the  proportion  of  17 
to  1  ;  sodium  chloride,  0*02;  potassium  chloride,  002;  sulphates,  0*01  per  1000, 
together  with  traces  of  earthy  phosjdiates  and  sodium  phosphate.  [Moreover,  the 
relative  proportion  of  salts  in  sweat  is  quite  different  from  that  in  urine.]  Gases. 
— Sweat  contains  CO.^  in  a  state  of  absoq)tion  and  some  N.  AVhen  decomposed 
with  free  acciess  of  air,  it  yields  ammonia  siilts  (Goi'up-Besa7iez). 

Excretion  of  Substances. — Some  sul>stance8  w\un\  iutroduced  into  tlie  body  reappear  in  tbe 
sweat — benzoic,  cinnamic,  tartaric,  and  succinic  acids  are  readily  excreted  ;  quinine  and  jwtassic 
iodide  with   more  difficulty.     Mercuric  chloride,  arsenious  and  arsenic  acids,    sodium   and 
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))otassiiiin  arseniate  have  also  been  found.  After  taking  arseniate  of  iron,  ai-senioas  acid  has 
baen  found  in  the  sweat,  and  iron  in  tlic  urine.  Mercuiy  iodide  reappears  as  a  chloride  in  the 
sveat,  while  the  iodine  occurs  in  the  saliva. 

Formation  of  Pigments  in  the  Skin. — The  leucocytes  furnish  the  material,  and 
the  pigment  is  deposited  in  granules  in  the  deeper  layers,  and,  to  a  less  extent,  in 
the  upper  layers,  of  the  rete  Malpighii.  This  occurs  in  the  fohls  around  the  anus, 
scrotum,  nipple  [e5j)ocially  during  pregnancy],  and  everywhere  in  the  coloured 
races.  There  is  a  diffuse,  whitish-yellow  pigment  in  the  stratiun  corneum,  which 
becomes  darker  in  old  age.  The  pigmentation  depends  on  chemical  processes, 
reduction  taking  place,  and  these  processes  are  aided  by  light.  Granular  pigment 
lies  also  in  the  layers  of  prickle  cells.  The  dark  coloration  of  the  skin  may  be 
arrested  by  free  0  [hydric  peroxide],  while  the  corneous  change  is  prevented  at  the 
same  time  (Unna).  [According  to  Delt^pine  melanin  is  not  derived  from  haemo- 
globin, but  is  formed  by  the  deep  layers  of  the  epidermis.] 

Pathological— To  this  belongs  the  formation  of  liver  spots  or  cholasina,  f^ckles,  and  the 
pigmentation  of  Addison's  disease,  [piginentation  round  old  ulcers,  &c.]  (§  103,  IV.).  [The 
curious  cases  of  pigmentation,  especially  in  neurotic  women,  <?.</.,  in  the  eyelids,  deserve  further 
study  in  relation  to  the  part  played  by  the  nervous  system  in  tliis  process.] 

287.  INFLUENCE  OF  NEEVES  ON  THE  SECRETION  OF  SWEAT.— 

The  secretion  of  the  skin,  which  averages  about  -^  of  the  body-weight,  t.e.,  al)out 
double  the  amount  of  water  excreted  by  the  huigs,  may  be  increased  or  diminished. 
Tlie  liability  to  perspire  varies  much  in  ditt'erent  individuals.  The  following  con- 
ditions influence  the  secretion — 1.  Increased  temperature  of  the  surroundings 
causes  the  skin  to  become  red,  while  there  is  a  profuse  secretion  of  sweat  (^  -14, 
IL,  1).  Cold,  as  well  as  a  temperature  of  the  skin  about  50"  C,  arrests  the  secretion. 
2.  A  very  watery  condition  of  the  blood,  e.g.,  after  copious  draughts  of  warm 
water,  increases  the  secretion.  3.  Increased  cardiac  and  vascular  activity,  whereby 
the  blood-pressure  witliin  the  cutimeous  capillaries  is  increased,  have  a  similar  etlect ; 
increased  sweating  follows  increiised  muscular  activity.  4.  Certiiin  drugs  favour 
sweating,  e.(/.,  pilo{'ari)in,  Calalmr  bean,  strychnin,  picrotoxin,  muscarin,  nicotin, 
camjdior,  annnonia  compounds ;  while  others,  as  atropin  and  morpliia,  in  large  doses, 
diminish  or  paralyse  the  secretion.  [Drugs  which  excite  copious  jierspiration,  so 
that  it  stands  as  beads  of  sweat  on  the  skin,  are  called  Sudonfics,  while  those  that 
excite  the  secretion  gently  are  diaphoretics,  the  difference  being  one  of  degree. 
Those  drugs  which  lessen  the  secretion  are  called  antihydrotics.]  5.  It  is  imi)ort- 
ant  to  notice  the  anta(j(miisiu  which  exists,  prolmbly  \\\\o\\  mechaniad  ground.s, 
between  the  secretion  of  sweat,  the  urinary  secretion,  and  the  evacuation  of  the 
intestine.  Thus  copious  secretion  of  urine  {e.g.^  in  diabetes)  and  watery  stools 
coincide  with  dryness  of  the  skin.  If  the  secretion  of  sweat  l)e  increased,  the 
percentage  of  salt»<,  urea,  and  allnimin  is  also  increased,  whilst  the  other  organic 
substuices  arc*  (Hminished.  The  more  stiturated  the  air  is  with  watery  vai>our,  the 
sooner  does  the  secretion  apjiear  in  drops  upon  the  skin,  while  in  dry  air  or  air  in 
motion,  owing  to  the  inipid  evaporation,  the  formation  of  drops  of  sweat  is  preventtnl, 
or  at  least  ret^irded.  [The  reciprocal  relation  between  the  skin  and  kidneys 
is  well  known.  In  summer,  when  the  skin  is  active,  the  kidneys  se})arate  less 
water  -,  in  winter,  when  the  skin  is  less  active,  it  is  cold  and  com])aratively  bhxxl- 
less,  wliil(»  the  kidn(\vs  exerf^t*  more  water,  so  that  the  action  of  these  two  organs 
is  in  inverse  ratio.] 

The  influence  of  nerves  on  the  secretion  of  sweat  is  very  marked. 

I.  Just  as  in  the  secretion  of  saliva  (g  145),  vaso-motor  iaerves  are  usually  in 
action  at  the  same  time  as  the  i)roper  secretory  nerves ;  the  vasodilator  nerves 
(sweating  with  a  red  amf/efiied  skin)  are  most  frequently  involved.  The  fact  that 
secretion  of  sweat  does  oicasionally  take  place  when  the  skin  is  pale  (fear,  death- 
agony)  shows  that,  when  the  vaso-motor  nerves  are  excited,  so  as  to  constrict  the 
cutmeous  lilooil-vessels,  the  sweat  secretory  nerve-fibres  may  also  Ik?  active. 
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Under  ccrtaiu  circumstances,  the  amount  of  blood  in  the  skin  seems  to  determine  the  occur- 
rence of  sweating  ;  thus,  Dupuy  found  that  section  of  the  cervical  sympathetic  caused  secretion 
on  that  side  of  the  neck  of  a  tioi-se  ;  while  Nitzelnadel  found  that  percutaneous  electrical  stimu- 
lation of  the  cervical  sympathetic  in  man  limited  the  sweating. 

[We  may  draw  a  parall«jl  between  the  secretion  of  saliTa  and  that  of  Bweat  Both  are  formed 
in  glands  derived  from  the  outer  layer  of  the  embryo.  Both  set-retions  are  formed  from  lymph 
supplied  by  the  blood-stream,  and  if  the  lymj)h  bt»  in  sufficient  quantity,  secretion  may  take 
place  when  there  is  no  circnlation,  although  in  both  cases  secretion  is  most  lively  when  the 
circulation  is  most  active  and  the  secretory  nerves  of  lK)th  are  excited  simultaneously  ;  both 
glands  have  secretory  nerves  distinct  from  the  nerves  of  the  blood-vessels  ;  both  glands  may  be 
{Niralysed  by  the  action  of  the  nervous  system,  or  in  disease  (fever),  or  conversely,  both  are 

{)ftralvsed  by  atropine  and  excited  by  other  drugs,  e.g.^  pilocarpin.     In  the  gland-cells  of  both, 
listological  changes  accompany  the  secretory  act,  and  no  doubt  similar  electromotor  phenomena 
occur  in  botli  glands.  ] 

II.  Secretory  or  sweat  nerves,  altogether  iiKlei>eiKleut  of  the  circulation,  control 
the  secretion  of  sweat.  Stimulation  of  these  nerves,  even  in  a  limb  which  has  been 
amputated  in  a  kitttui,  causes  a  temporary  secretion  of  sweat,  i.e.,  after  complete 
arrest  of  the  circulation  {GoJtz,  Kendall  ami  LticJmnger,  Ostroumow).  In  the  intact 
condition  of  the  body,  however,  profuse  perspiration,  at  all  events,  is  always 
associated  with  simultaneous  dilatation  of  the  blootl-vessels  (just  as,  in  stimulation 
of  the  facial  nerve,  an  increased  secretion  of  saliva  is  lu^sociated  with  an  increased 
hlooil-streiun— §  145,  A,  I.).  The  secretory  nerves  and  those  for  the  blood-vessels 
seem  to  lie  in  the  same  nerve-trunks. 

The  secretory  nerves  for  the  hind  limbs  (cat)  lie  in  the  sciatic  nerve.  Luch- 
singer  found  that  stimulation  of  the  iKjripheral  end  of  this  nerve  caused  renewed 
secretion  of  sweat  for  a  period  of  half  an  hour,  provided  the  foot  was  always  wiped 
to  remove  the  sweat  already  formed.  If  a  kitten,  whose  sciatic  nerve  is  divided  on 
one  side,  be  placed  in  a  chamber  filled  with  heated  air,  all  the  three  intact  limbs 
soon  l)egin  to  sweat,  l)ut  the  limb  whose  nerve  is  divided  does  not,  nor  does  it  do 
so  when  the  veins  of  the  limb  are  ligatured  so  as  to  produce  congestion  of  its 
blood-vessels.  [The  eat  sweats  only  on  the  hairless  soles  of  the  feet.]  As  to  tlie 
course  of  the  secretory  fibres  to  the  striatic  nerve,  some  pass  directly  from  the 
spinal  cord  {ViiJpian\  some  pass  into  the  abdominal  sympathetic  (LttcJmnger, 
Naicrocki,  Ostronmow),  through  th(>  rami  communicantes  and  th(;  anterior  spinal 
roots  from  the  upper  lumbar  and  lower  dorsal  sjiinal  cord  (9th  to  13th  dorsal 
vert*>br8e — cat),  where  the  sweat-centre  for  the  lower  lim])s  is  situated. 

The  spinal  sweat-centre  may  be  excited  directly  :—(l)  By  a  highly  venous 
condition  of  the  blocnl,  as  during  dysjmoea,  e.g.,  the  secretion  of  sweat  that  some- 
times precedes  death  ;  (2)  by  overheated  bloo<l  (45"  C.)  streaming  through  the 
centre;  (3)  by  certain  drugs  (see  j).  554).  The  centre  may  b(?  also  excited 
reflexly,  although  the  results  are  variable,  fl.y.,  stimulation  of  the  crural  and 
peroneal  nerves,  as  W(>11  as  the  central  end  of  the  opposite  sciatic  nerve  excites 
it.  [The  pungency  of  mustard  in  the  mouth  may  ex(rite  free  perspinition  on  tlie 
fa(je.J 

Anterior  Extremity. — The  s(?cretory  fibres  lie  in  the  ulnar  and  median  nerves, 
for  the  f()re-liml>s  of  the  cat ;  most  of  them,  or  indeed  all  of  them  (Nanrocki),  pass 
into  the  thoracic  sympathetic  (Ogl.  stellatum),  and  i)art  (?)  run  in  the  nerve-roots 
direct  from  the  si)inal  cord  (Lvchsinffer,  Vulpian,  OH).  A  similar  sweat-centre 
for  the  upper  limbs  lies  in  the  lower  part  of  the  cervical  s])inal  cord.  Stimulation 
of  the  centnd  ends  of  the  brachial  plexus  causes  a  reflex  secretion  of  sweat  uix)n 
the  foot  of  the  other  side  (Adamkiewicz).  At  the  same  time  the  hind  feet  also 
perspire. 

Pathological.— Degeneration  of  the  motor  ganglia  of  the  anterior  horns  of  the  spinal  cord 
causes  loss  of  the  secretion  of  sweat,  in  addition  to  paralysis  of  the  voluntary  muscles  of  the 
trunk.  The  perspiration  is  inci*eased  in  |)aralysed  as  well  as  in  cedematous  limbs.  In  nephritis 
there  are  great  variations  in  the  amount  of  water  given  off  by  the  skin. 
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Head. — The  secretory  fibres  for  this  part  (horse,  man,  snout  of  pig)  lie  in  the 
thoracic  sympathetic,  pass  into  the  ganglion  stellatum,  and  ascend  in  the  cervical 
sympathetic  (§  356,  A.).  Percutaneous  electrical  stimulation  of  the  cervical  sym- 
pathetic in  man  causes  sweating  of  that  side  of  the  face  and  of  the  arm  (M.  Meyer). 
In  the  cephiUic  portion  of  the  sympathetic,  some  of  the  fibres  pass  into,  or  ]>ecome 
applied  to,  the  branches  of  the  trigeminus,  which  explains  why  stimulation  of 
the  infraorbital  nerve  causes  secretion  of  sweat.  Some  fibres,  however,  arise 
directly  from  the  roots  of  the  trigeminus  {Luclminger)^  and  the  facial  ( Vtilinan^ 
Adamkiewicz). 

Undoubtedly  the  cerebrum  has  a  direct  effect  either  upon  the  vaso-motor  ner\'es 
(p.  554,  I.)  or  upon  the  sweat-secretory  fibres  (II.),  as  in  the  sweuting  produced  by 
psychical  excitement  (pain,  fear,  &c.). 

Adamkiewicz  and  Senator  found  that,  in  a  man  suffering  from  abscess  of  the  motor  i-egion  of 
the  cortex  cerebri  for  the  arm,  there  were  spasms  and  perspiration  in  the  arm. 

Sweat-centre. — According  to  Adamkiewicz,  the  medulla  oblongata  contains  the 
dominating  sweat-centre  (%  373).  When  this  centre  is  stimulated  in  a  cat,  all 
the  four  feet  sweat,  even  three-quarters  of  an  hour  after  death  (Adamkiewicz). 

III.  Tlie  nerve-fibres  which  terminate  in  the  smooth  musctdar  filtres  of  the  staeat- 
glands  act  u[)on  the  excretion  of  the  secretion. 

Other  conditions. — If  the  sweat-nerves  be  divided  (cat),  injection  of  pilocarpin  causes  a  secre- 
tion of  sweat,  even  at  the  end  of  three  days.  After  a  longer  period  than  six  days  there  may 
be  no  secretion  at  all.  This  observation  coincides  with  the  phenomenon  of  dryness  of  the  skin 
in  paralysed  limbs.  Diefienbach  found  that  transplanted  portions  of  skin  first  began  to  sweat 
when  their  sensibility  was  restored. 

Experiments  on  man. — If  a  motor  nerve  (tibial,  median,  facial)  of  a  man  be  stimulated,  sweat 
ap]:)ears  on  the  skin  over  the  muscular  area  supplied  by  the  nerve,  and  also  upon  the  corres|»ond- 
ing  area  of  the  opposite  non-stimulated  side  of  the  body.  This  result  occurs  when  the  circula- 
tion is  ariested  as  well  as  when  it  is  active.  Sensory  and  thermal  stimulation  of  the  skin  always 
cause  a  bilateral  reflex  secretion  independently  of  the  circulation.  The  area  of  sweating  is 
independent  of  the  part  of  the  skin  stimulated. 

[Cnanges  in  the  Cells  daring  Secretion. — In  the  resting  glands  of  the  horse,  the  cylindrical 
cells  are  clear  with  the  nucleus  near  their  attached  ends,  but  after  free  perspiration  they  become 
granular,  and  their  nucleus  is  more  central  {Renaut).] 

288.  PATHOLOGICAL  VABIATIONS.— 1.  Anidroda  or  diminution  of  the  secretion  of  sweat 
occurs  ill  diabetes  and  the  cancerous  cachexia,  and  along  with  other  disturbances  of  nutrition 
of  the  skin  in  some  nervous  diseases,  e.g.j  in  dementia  paralytica  ;  in  some  limited  regions  of  the 
skin,  it  has  occurred  in  certain  tropho-neuroses,  c.g.j  m  unilateral  atrophy  of  the  face  and  in 
paralysed  parts.  In  many  of  these  cases  it  depends  upon  paralysis  of  the  corresponding  nerves 
or  their  spinal  sweat-centres. 

2,  Hyperidroais,  or  increase  of  the  secretion  of  sweat,  occurs  in  easily  excitable  i)er8ons,  in 
consequence  of  the  irritation  of  the  nerves  concerned  (§  287),  e.g.^  the  sweating  which  occurs  in 
debilitated  conditions  and  in  the  hysterical  (sometimes  on  the  head  and  hands),  and  the  so- 
called  epilcptoid  sweats  {Eulenburg).  Sometimes  the  increase  is  confined  to  one  side  of  the  hecul 
(H.  nnilateralis).  This  condition  is  often  accompanied  with  other  nervous  phenomena,  partly 
with  the  symptoms  of  paralysis  of  the  cervical  sympathetic  (redness  of  the  face,  narrow  pupil), 
partly  with  symptoms  of  stimulation  of  the  sympatnetic  (dilated  pupil,  exophthalmos).  It  may 
occur  without  these  phenomena,  and  is  due  perhaps  to  stimulation  of  the  proper  secretory  fibres 
alone.  [Increased  sweating  is  very  marked  in  certain  fevers,  both  during  their  course  and  at 
the  crisis  in  some  ;  while  the  sweat  is  not  only  copious  but  acid  in  acute  rheumatism.  The 
•*  night-sweats'*  of  phthisis  are  very  marked  and  disagreeable.] 

3.  ParidroeiB  or  qualitative  changes  in  the  secretion  of  sweat,  e.g.,  the  rare  case  of  *^8XPeaiing 
of  blood  "  (hiematohidrosis),  is  sometimes  unilateral.  According  to  Hebra,  in  some  cases  this 
condition  represents  a  vicarious  form  of  menstruation.  It  is,  however,  usually  one  of  many 
phenomena  of  nervous  affections.  Bloody  sweat  sometimes  occurs  in  yellow  fever.  Bile- 
pigments  have   iKjen  found  in  the  sweat  in  jaundice  ;  blue  sweat  from  indigo  (Bizio\  from 

Syocyanin  (the  rare  blue  colouring-matter  of  pus),  or  from  phosphate  of  the  oxide  of  iron  {Ose. 
^olltnann)  is  extremely  rare.  Such  coloured  sweats  are  called  chromidroseB.  Numerous  micro- 
organisms  (which,  however,  are  innocuous)  live  between  the  epidermal  scales  and  on  the  hairs, 
two  varieties  of  Saccharomycetes ;  in  cutaneous  folds  Leptothrix  epidermalis,  various  Schixo- 
mycetea,  and  five  kinds  of  Micrococci ;  and  between  the  toes— Bacterium  graveolens  {Bordoni- 
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UffredtLzzi)y  which  causes   the  odour  of  tlie  sweat  of  the   feet.     Micro-organisms  are  also  the 
cause  of  yellow,  blue,  and  red  sweat ;  the  last. arc  due  to  Micrococcus  hjematodes. 

Orape-sugar  occurs  in  the  sweat  in  diabetes  niellitus  ;  uric  acid  and  cystin  very  rarely  ;  and 
in  the  sweat  of  stinking  feet,  Inucin,  tyrosin,  valerianic  acid,  and  ammonia.  Stinking  sweat 
(bromidroda)  is  due  to  the  decomposition  of  the  sweat,  from  the  presence  of  a  sj^cial  micro- 
organism (Bacterium  foetidum — Thin).  In  the  sweating  stage  of  a^ue  butyrate  of  lime  has  been 
found,  while  in  the  sticky  sweat  of  acute  articular  rheumatism  there  is  more  albumin  {Anselmino\ 
and  the  same  is  the  case  in  artificial  sweating  (Leiibe) ;  lactic  acid  is  present  in  the  sweat  in 
puerperal  fever. 

The  sebaceous  secretion  is  sometimes  increased,  constituting  seborrhoaa,  which  may  be  local 
or  genei-al.  It  may  be  diminished  (Asteatosis  cutis).  The  sebaceous  glands  degenerate  in  old  . 
people,  and  hence  the  glancing  of  the  skin  {Rimy).  If  the  ducts  of  the  glands  are  occluded  the 
sebum  accumulates.  Sometimes  the  duct  is  occluded  by  black  particles  or  ultramarine  {Unna) 
from  the  blue  used  in  colouring  the  linen.  When  pressed  out,  the  fatty  worm-shaped  secretion 
is  called  "comedo." 

289.  CUTANEOUS  ABSORPTION— GALVANIC  CONDUCTION.— After  long  inamersion  in 
water  the  superficial  layers  of  the  epidermis  become  moist  and  swell  up.  The  skin  is  unable  to 
absorb  any  substances,  either  salts  or  vegetable  poisons,  from  watery  solntioiiB  of  these.  This 
is  due  to  the  fat  normally  present  on  the  epidermis  and  in  the  j)ores  of  the  skin.  If  the  fat  be 
removed  from  the  skin  by  alcohol,  ether,  or  chloroform,  absorption  may  occur  in  a  few  minutes 
{Parisot).  According  to  Rohrig,  all  volatile  substances,  e.g.y  carbolic  acid  and  others,  which 
act  upon  and  corrode  the  epidermis,  are  capable  of  absorption  ;  while  according  to  Juhl,  such 
watery  solutions  as  impinge  on  the  skin,  in  a  finely  divided  spray,  are  also  capable  of  absorption, 
which  very  probably  takes  place  through  the  interstices  of  the  epidermis. 

[Inunction. — When  ointments  are  rubbed  into  the  skin  so  as  to  press  the  substance  into  the 
pores,  absorption  occurs,  c.g.^  potassium  iodide  in  an  ointment  so  rubbed  in  is  absorbed,  so  is 
mercurial  ointment.  V.  Voit  found  globules  of  mercury  between  the  layers  of  the  epidennis, 
and  even  in  the  chorium  of  a  person  who  was  executed,  into  whose  skin  mercurial  ointment  had 
been  previously  rubbed.  The  mercury  globules,  in  cases  of  mercurial  inunction,  i>ass  into  the 
hair-follicles  and  ducts  of  the  glamls,  where  they  are  affected  by  the  secretion  of  the  glands  and 
transformed  into  a  compound  capable  of  absorption.  An  abraded  or  inllamed  surface  {e.g.,  after 
a  blister)  where  the  epidermis  is  removed,  absorbs  very  rapidly,  just  like  the  surface  of  a  wound 
(Endermic  method).  ] 

[Drugs  may  be  applied  locally  where  the  epidermis  is  intact — epidermic  method — as  when 
drags  which  affect  the  sensory  nerves  of  a  part  are  painted  over  a  painful  area  to  diminish  the 
pain.  Another  method,  the  hypodermic,  now  largly  used,  is  that  of  injecting,  by  means  of  a 
hypodermic  syringe  a  non-corrosive,  non-irritant  drug,  in  solution,  into  the  subcutaneous 
tissue,  where  it  practically  passes  into  the  lymph-spaces  and  comes  into  direct  relation  with 
the  lymph- and  blood-stream;  absorption  takes  place  with  great  rapidity,  even  more  so  than 
from  the  stomach.] 

Abeorption  of  Gases. — Under  normal  conditions  minute  traces  of  0  are  absorbed  from  the  air  ; 
hydrocyanic  acid,  sulphuretted  hydrogen — CO,  COo,  the  vapour  of  chloroform  and  ether  may  be 
absorbed  (Chaussier,  Gerlach,  Rohrig).  In  a  bath  "containing  sulphuretted  hydrogen,  this  gas  is 
absorbed,  while  COg  is  given  off  into  the  water  {Rohny). 

Absorption  of  watery  solutions  takes  place  rapidly  through  the  skin  of  the  f^g  {Guitmann, 
IV.  Stirling,  v.  JVittich).  Even  after  the  circulation  is  excluded  and  the  central  nervous  system 
destroyed,  much  water  is  absorbed  through  the  skin  of  the  frog,  but  not  to  such  an  extent  as 
when  the  circulation  is  intact  {Spina). 

Galvanic  Conduction  through  the  Skin.— If  the  two  electrodes  of  a  constant  current  be  im- 
pregnated with  a  watery  solution  of  certain  substances  and  applied  to  the  skin,  and  if  the 
direction  of  the  current  be  changed  from  time  to  time,  strychnin  may  be  caused  to  pass  through 
the  skin  of  a  rabbit  in  a  few  minutes,  and  that  in  sufficient  amount  to  kill  the  animal  {H.  Munk). 
In  man,  ([uinine  and  potassium  iodide  have  been  introduced  into  the  body  in  this  waj',  and 
their  presence  detected  in  the  urine.  This  process  is  called  the  cataphoric  action  of  the  con- 
stant current  (§  328). 

290.  COMPARATIVE— HISTOEICAL.— In  all  vertebrates  the  skin  consists  of  chorium 
and  epidermis.  In  some  reptiles  the  epidermis  becomes  horny,  and  forms  large  plates  or  scales. 
Similar  structures  occur  in  the  edentata  among  mammals,  'the  epidermal  appendages  assume 
various  forms — such  as  hair,  nail,  spines,  bristles,  feathers,  claws,  hoof,  horns,  spurs,  &c.  The 
scales  of  some  fishes  are  partly  osseous  stnictures.  Many  glands  occur  in  the  skin  ;  in  some 
amphibia  they  secrete  nmcus,  in  others  the  secretion  is  poisonous.  Snakes  and  tortoises  are 
devoid  of  cutaneous  glands  ;  in  lizards  the  "leg-glands'*  extend  from  the  anus  to  the  bend  of 
the  knee.  In  the  crocodile,  the  glands  open  under  the  margins  of  the  cutaneo-osseous  scales. 
In  birds  the  cutaneous  glands  are  absent ;  the  '  *  coccygeal  glands  "  form  an  oily  secretion  for 
lubricating  the  feathers.     [This  is  denied  by  0.  Liebreich,  as  he  finds  no  cholesterin-fats  in 
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their  secretion.]  The  civet  glands^  at  the  amis  of  the  civet  cat,  the  pi-eputial  eluiuls  of  tlio 
musk  deer,  the  glands  of  the  hare,  nnd  the  ])edal  glands  oT  niininants,  are  really  greatly  de- 
veloped sebaceous  glands.  In  some  invertebrata,  the  skin,  consisting  of  epidemuH  and  choriuni. 
is  intimately  unit^  with  the  subjacent  muscles,  forming  a  musculo-cutaneous  tube  for  the  body 
of  the  animal.  The  cephalopoda  have  chzomatophoree  in  their  skin,  t.^.,  round  or  irregular 
spaces  filled  with  coloured  granules.  Muscular  iibres  are  arranged  radially  around  these  spaces, 
so  that  when  these  muscles  contract  the  coloured  surface  is  increased.  The  change  of  colour  in 
these  animals  is  due  to  the  play  or  contraction  of  these  muscles  {Briicke),  Sj^ecini  glands  are 
concerned  in  the  production  of  the  shell  of  the  snail.  The  annnloea  are  covered  with  a  ehitin- 
ous  investment,  which  is  continued  for  a  certain  distance  along  the  digestive  tract  and  the 
trachea*.  It  is  thrown  off  when  the  animal  sheds  its  covering.  It  not  only  protects  the  animal, 
but  it  forms  a  structure  for  the  attachment  of  muscles.  In  echinodermata,  the  cutaneous 
covering  contains  calcareous  masses  ;  in  the  holothurians,  the  calcareous  structures  assume  the 
form  of  calcareous  spicules. 

Historical. — Hippocrates  (born  460  n.c.)  and  Theopbrastus  (born  871  d.c.)  distinguished  the 
perspiration  from  the  sweat ;  and,  according  to  the  latter,  the  secretion  of  sweat  stands  in  a 
certain  antagonistic  relation  to  the  urinary  secretion  and  to  the  water  in  the  focLces.  According 
to  Cassius  Felix  (97  a.d.),  a  person  placed  in  a  bath  absorbs  water  through  the  skin  ;  Sanctorius 
(1614)  measured  the  amount  of  sweat  given  off;  AHxirti  (1581)  was  acquainted  with  the  hair- 
bulb  ;  Donatus  (1588)  described  hair  becoming  ^y  suddenly  ;  Riolan  (1626)  showed  that  the 
colour  of  the  skin  of  the  negro  was  due  to  the  epidermis. 
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